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IIpeaucioBue

YuebHoe nocobue pazpadoTaHo ¢ yueToM TpeOOBaHUM rocyaap-
CTBEHHOI'0 00pa30oBaTENIbHOTO CTaHAapTa no auciuiuinHe «Teopus
MaTEeMaTHYEeCKON 00pabOTKU Treofe3uueCKuX U3MEPEHUN» U COCTOUT
13 TPEX YacTeu:

Yacts 1. MaremaTuyeckue U METPOJOTHMUECKHUE OCHOBBI 0Opa-
OO0TKHM reoe3nyeckux uaMepenuil. OueHnBaHUuE pe3yJIbTaTOB H3Me-
PEHUM C O3UIUN JETEPMUHUPOBAHHOTO MTOAXO0A.

Yacte 2. OuieHMBaHUE PE3YyJIbTATOB Ie0JIC3UNYECKUX U3MEPECHUIN
U UX MOTPEIIHOCTE Ha OCHOBE BEPOSITHOCTHBIX MPEACTaBICHU.

Yacts 3. MeTopl ypaBHUBAHUS I€0AC3UUECKUX MOCTPOCHUM.

JlaHHO€ M37aHKE MPEACTABISIET COOOM BTOPYIO YacTh 3TOTO IIO-
coOusi, B KOTOPOM IPUBEJEHBI 0a30BbIE CBEACHUS O CYIIHOCTH M OC-
HOBHBIX IpUEeMax OOpabOTKU pPe3yJIbTaTOB T'E€OAE3HMYECKUX H3MEpe-
HUM, ONMUPAIOIIUXCS Ha WJICH BEPOSTHOCTHOTO (CTATUCTHYECKOTO)
noaxonaa. PaccMoTpenbl mporeaypbl (OPMUPOBAHUS SMITUPUIECKUX
3aKOHOB PACIPENIEICHUs PE3YIbTaTOB MU3MEPEHUM, CYLIHOCTh U OC-
HOBHBIE OCOOEHHOCTH 0OpaOOTKH MPSIMBIX M KOCBEHHBIX PaBHOTOY-
HBIX ¥ HAPABHOTOUHBIX U3MEPEHHUI BEIMUMH, IPOLICAYPhl COBMECTHOM
00pabOTKU PE3YyJIbTATOB MU3MEPEHUUM HECKOJIbKUX BEJIUYHUH, CBS3aH-
HBIX (PYHKIIMOHAIBHOM 3aBUCUMOCTBI0. MaTepuan yueOHOro nocoous
pa3zesieH Ha IJ1aBbl, KaXaas U3 KOTOPBIX CBSI3aHa C COOTBETCTBYIOINICH
TEMOU JIEKIIMOHHOI'0O Kypca.

Knura npenHazHaueHa Ajig CTyICHTOB, U3YYAIOIIUX JUCIUILIUHY
«Teopusi MareMaTU4eCKO OOpaOOTKU Te€0JAE3UYECKUX HU3MEPECHUII», a
€e CoJIep)KaHue anpoOMpPOBAHO B BOPOHEKCKOM rOCylIapCTBEHHOM ar-
papHoM yHUBepcutere umenu Ilerpa | mpu moaroroBke GakaiaBpoB MO
HanpasneHusM 21.03.02 «3emiieycTpoiicTBO U KagacTPhI».

B pe3ynbTaTe M3ydeHUs NMPEICTaBICHHOTO B MOCOOMU MaTepua-
na 'y o0yvaromuxcs GOpMUPYIOTCS CIAEAYIOIINE KOMHEmeHYUU:

- CITOCOOHOCTH K caMoopraHu3anuu u camooopazoBanuto (OK-7);

- CIOCOOHOCTh OCYHIECTBIISITH TOMCK, XpaHEHHE, 00padOTKY U aHAIU3
uHpopMaIuu U3 pa3IuIHBIX UCTOYHUKOB W 0a3 JaHHBIX, IPECTaB-
J5Th €e B TpebdyemoM ¢opmare ¢ HCIOJIb30BaHHEM HH(GOPMAIMOH-
HBIX, KOMIIBIOTEPHBIX U ceTeBbIX TexHoyorui (OITK-1);

- CIIOCOOHOCTHh MCMOJIb30BaTh 3HAHME MATEMAaTUUYECKUX 3aKOHOB IS
00paboTKH 3emiieycTpouTeabHoN 1 nHOM nHpopmarmu (ITK-13).
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BBenenue.
CymHOCTb BEPOSITHOCTHOIO (CTATHCTHYECKOI0) MOIX0/1a
K 00padoTKe pe3yjibTATOB MHOTOKPATHBIX U3MEpPEeHU

PaccMoTpuM cyliiecTBEHHBIE 0COOCHHOCTH BEPOSTHOCTHOTO (CTa-
TUCTHYECKOT0) TMOJX0J1a K 00paboTKe pe3yibTaTOB HAa MPUMEPE MHO-
TOKPaTHBIX MPAMBIX H3MEPEHUN HEKOTOPOW (U3MYECKOW BEIMUUHBI
(paccrostHus, yriaa Wik ap.). B gampHeEHIeM NPUHIMIIBI CTaTUCTHYC-
CKOT'O OIICHMBAHMS PE3YyJbTATOB OYIyT paclpOCTPaHEHbI U HA CHUTya-
MU KOCBEHHBIX, & TAKKE COBOKYITHBIX U COBMECTHBIX U3MEPEHUN.

HamomHuM, 9TO mpsiMbIM HA3bIBalOT U3MEPEHUE, IPU KOTOPOM
HMCKOMOE 3HaueHHE (PU3MYECKOW BEIMUYMHBI X TOJY4YarOT HEMOCpead-
CTBEHHO, HampuMmep, C MOMOIIBI0 OTCYETHOI'O YCTPOWCTBA U3MEPU-
TEJILHOr0 Mpubopa. Pe3ynbTaToM M3MEpPEHUS] BEIMYUHBI X SBISETCS

oyenka €€ pazMepa X B COOTBETCTBYIOIIUX €IUHUIIAX:

X =X[X],
rac Y — YJUCJIOBOC 3HAYCHUC BCINYUHDLBI X , OTJIMYHOC OT MCTHUHHOTI'O
YUCJIIOBOI'O 3HAYCHHUA X BCJICACTBHC O6$ISaTeJIbHOFO HpI/ICYTCTBHH no-
ZpewiHoCcmu B TIOTYYEHHOM pe3ynbTare, [ X] — eaquHuIa nsmepseMon

BeJIMUUHBL. bysiem nanee paccmaTpuBaTh O€3pa3MepHbBIC OIIEHKH 4YH-
CJIOBOTO 3HAYEHUS U3MEPSEMOU BEJIMUUHBI, UMESI KOTOPbIC, YKE JIETKO
MOJYYUTh OKOHYATEJIbHBIN pe3yabTaT MyTeM MPUIKUCHIBAHUS YHUCIIO-
BOMY 3HAQUEHHUIO X pPa3MEPHOCTH EIMHMIILI M3MEPSEMON BEIMYHMHEIL.
COOTBETCTBEHHO M BMECTO a0COJIIOTHOM morpemHoctu DX, Bwipa-
KEHHOW B €MHUIIAX U3MEPSIEMON BEIUYUHBI, OyJI€M paccMaTpUBaTh
ee 0e3pa3MepHOE YUCIOBOE 3HAUYEHUE

e=DX/[X].
Ilycte X, X, ..., X, — pe3yabTarbl N U3MEPEHUN HUCTUHHOI'O
YUCJIIOBOTO 3HAYEHUS] X HEU3BECTHOM BeJMUYMHBI X ; €, &, ..., € —

HEHU3BECTHBIEC YHUCIIOBBIC 3HAYCHMUS INOTpPEIIHOCTH u3MmepeHuu. Ciy-
YalHBIM XapakTep NOIPEIIHOCTEN NPUBOAUT K TOMY, YTO B KaXIAOM
OTJIEIbHOM M3MEPEHUM MOTPEIMIHOCTh UMEET CBOE COOCTBEHHOE 3Ha-
uenue € ' €, rae 1=1,2,..,n; j=1 2,..,n; i1 j. Torma cBsi3b MEX-
Iy pe3yapTaTaMU OTIEJIbHBIX U3MEPEHUN U COOTBETCTBYIOLIMMHU I10-
I'PELIHOCTSIMU ONMCBIBAETCS CIEAYIOLIEN CUCTEMOM YPABHEHUN, KOTO-

PYIO 4YacTO HAa3bIBAIOT (PYHOAMEHMAIbHOU CUCTEMOW YCIOBHBIX
YPaBHECHUN:



% =Xte
[T
! =X+
| X| =X Q
[
)
X, =X+g,
Oco0EHHOCTBIO JAHHON CHCTEMbI YPaBHEHHUU SBIISIETCS TO, YTO
YUCJI0 HeU36€CMHDbIX X, q, ez, - en BCCTr/J1a npeesviuiaem 41CJ10 HEC-

3aBUCUMBIX YPaBHEHHI, KOTOPbIE MOTYT OBITh MOCTPOEHBI MO OIbIT-
HbIM JaHHbIM. [I0100HBIE CHCTEMBI YpaBHEHUI HA3bIBAIOT HEOOOnpe-
denennvimu. Henoonpenenennas gyHaaMeHTandbHasi CUCTEMa HE MO-
KET ObITh pa3pelleHa (popManbHO, @ 3HAYEHUSI HEU3BECTHBIX X, €, €,

.., € — BBIUMCJIEHBI TOYHO. DTO MPUBOIUT K HEOOXOJUMOCTH IOCTA-
HOBKH U PEUICHUS 3A0auu NOCHPOEHUA OWEeHKU X BEITHMYUHBI X IO
pe3yapTaTaM MHOTOKPAaTHBIX U3MEPEHUM {)(IH1 JTa OLICHKA B IPAKTU-

YECKU 3HAYMMBIX CIy4asiX TOJbKO MPUOJIMKEHHO COOTBETCTBYET HC-
TUHHOMY YMCJIOBOMY 3HAYCHHIO M3MepsieMOl BeanuuHsbl (X » X). Ox-
HAKO B T€X CJIy4asix, Korjaa npu oopaboTKe MOJyYeHHBIX JAaHHBIX Ipa-
BUJILHO HCIIOJBb3YETCS JIOCTyIHas HccliefoBarento uHbopmanus o0
U3MEepseMOl BETMYMHE M BBIOpAaH HAWIydIui (ONTHUMAaJIbHBIN) aJro-
PUTM MOCTPOEHUS OLIEHKH, CTEIIEHb 3TOT0 MPUOIMKEHUS MOXKET OBITH
JIOCTaTOYHO BbICOKA. IMEHHO 3TO 00CTOATENHCTBO NPUAAET TITyOOKUMH
NPAKTUYECKUNA CMBICT M3MEPEHUSIM, Jejlas MX BAKHEUIIUM HHCTPY-
MEHTOM TMO3HaHUs OKpyxKaromero mupa. Iloucku peuienus 3amauu
OLICHUBAHUSI MOTYT OCYIIECTBIISITHCS C TO3UIUNA PA3TUYHBIX TOJIXO-
noB. Panee (B mepBoii 4acT y4eOHOT0 TTOCOOMS) OBLIIO TIOKA3aHO, YTO
B PAMKax O0emepMUHUPOCAHHO020 HOOX00a ]ISl TIOCTPOCHUS OIICHKU
U3MEpSEeMON BEJIMYHMHBI MO0 pe3yjbTaTaM MHOTOKPATHBIX M3MEpPEHUMN

n
{Xi}1 TpeOyeTcs MpUBJICYCHUE BHEIIHETo (HEe CBS3aHHOTO C 3MITHPH-

YECKUMU JaHHBIMH) KpUmepus, ONPEACIIIONIero aaroput™ (mpaBu-
J10) TIOCTPOCHMS OLIEHKH. DTO MO3BOJISIIO CBECTH 3aJa4y OICHUBAHUS
K JICTEPMUHUPOBAHHOM 3a/a4ye almnpOKCHMAlMU, COCTOSIEN B TOM,
4yTo TpebyeTcs HAWTH TOYKy X (OIICHKY) HA YHCIOBOW OCH JICHCTBU-
TeNbHBIX uucen (mpeacraBisioiiel 00JacTh CYIIECTBOBaHHUS 3Haue-



HUI BEMWYHWHBI X), HAUMEHEE YIAICHHYIO OT TOYEK X, X,, ..., X,

YUCIICHHBIX 3HAYEHUW PE3yJbTaTOB U3MEpPECHUU. Mepy yoaiennocmu
OLICHKH OT M3MEPEHHBIX 3HAYEHUM, Hauboyee yJlauHyl0 C TOYKH 3pe-
HUS HCCIENOBATENsSA, M XAPAKTEPU3YET HCIIOIb3YEMbIN Kpumepuil
F ()7 y X0 X yeny Xn) . OLIeHKy %€ CTPOST B COOTBETCTBUE C YCIOBUEM
X =argminF (X, X, X,,... X,),
Xl W
rae mHO)ectBo W= [Xmin, Xmax], a Xuin» Xpax — MHHAMAJIBHOE W

MaKCUMaIbHOE 3HAYCHHSI PE3YIbTAaTOB M3Mepenus, | =1, 2, ..., n,
JpyruM 1moaxoaoMm, IOJAYyYHMBIIMM B HACTOSIIEE BPEMS UYPE3BBI-
YJaifHO IUPOKOE PacCIpOCTPaHCHUE, SBISACTCS @eposmuocmubtii (cma-
mucmuuecKuil) n00X00 K OIICHUBAHUIO PE3yIHTATOB U3MEPEHUIA.
B cooTBeTcTBUM € 3TUM IIOJAXOJIOM CIyYaWHBIA XapakTep IO-
IPELIHOCTEN U3MEPEHUN MPUBOAUT K TOMY, YTO U3MEPEHHOE 3Haye-
HUE X MOXET pacCMaTpUBATHCA KakK cayuaiHnas eeauuuna. Ecinv ta-

KUX U3MEPEHUIN MPOBECTH OYEHb MHOIO, Il HENPEPBIBHOW Cly4dau-
HOW BEJIMYMHBI X KOJHUYECTBO peam3anuid N® ¥ | To ciiydailHbId
XapakTep Pe3yJabTaTOB U3MEPEHUM YCTYIIUT MECTO CTAaTUCTUYECKOU
3aKOHOMEPHOCTHU. TaKkyro 3aKOHOMEPHOCTb OTPaXKaeT AECTEPMUHHUPO-
BaHHas (YHKIMOHAJIbHAS 3aBUCUMOCTB, YCTAaHABIIMBAIOIIAs CBS3b
MEXKAY BO3MOXXHBIMU 3HAYECHUSIMU CIIyYaMHOW BEJIUYHUHBI U UX BEPO-
ATHOCTSAMHU, — 3aKOH PacOpeAeICHUS CIIy4YaiiHON BeInYrnHbl. OHOU U3
dbopM 3akoHA pacHpeae/ICHUsT BBICTYIIACT HJIOMHOCHIb pacnpeoele-
Hus eeposmuocmen P( X). HamoMHuM, 4T0 3Ta (YYHKIMS ITO3BOJISCT

onpecaACIIMTb BCPOATHOCTL TOI'O, YTO M3MCPCHHOC 3HAYCHHUC )ﬂ Haxo-

JIATCS B UHTEPBAJIC 3HAYCHUN [X, X+ dX], KakK
X+ax
P(x< X <x+dx) = Ap(x)dx» p(x)dx.
X
3aKOH pacupeaeICHUs SBIISIETCS MOJHOW U MCUEPIBIBAIOIICH Xa-
PAKTEPUCTUKON CIIYYaWHOW BEJWYMHBI, B YACTHOCTH, PE3YJIHTATOB
u3MepeHun. Eciin TOYHO U3BECTEH 3aKOH pacHpeiciaeHus X, TO MOX-

HO CUUTAaTh, YTO U3BCCTHO MCTHMHHOC 3HAYCHUC HBMGPHGMOﬁ BEJIINYU-
Hbl. OOBIYHO OHO CBSI3aHO C OJHUM U3 napamempoeé nojloxHceHus 3a-
KOHa pacupcCaCIICHUA. anHC BCETO C MAMEMAMUYCCKUM ONHCUOAHU-

em M(X) Wy ApyruM yenmpansuvim momenmom M(X ). Jlns Hexo-
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TOPBIX paCHpeaCICHU UCTUHHOE 3HAUYCHUE MOXKET OBITh CBSI3aHO C
HEMApAMETPUUYECKUMH XAPAKTEPUCTUKAMU TOJOXKEHUS. MOOOU, Me-
ouanoit. IIoHATHO, UTO TOYHOE 3HAHHUE 3aKOHA pacIpeeeHus Tpedy-
€T TPOBEJCHUS OCCKOHEYHOTO YHCIa HM3MEPEHHH B «HEU3MEHHBIX»
ycioBusax. Takoil OeCKOHEUHBI aHCAaMOJIb PE3yJIbTATOB M3MEPEHUIA
HA3BbIBAIOT 2€HEPANbHOU CO80KYNHOCHIbIO. 1IOHATHO, YTO TeHEpaib-
HbIE COBOKYITHOCTH PEe3yJIbTaTOB M3MEPEHUM (PU3MUECKOU BEITMUMHBI
BO3MOXHBI JIMIIb TeopeTnyecku. OHAKO UX OJHO3HAYHAs CBS3b C 3a-
KOHOM pPacClpeiesICHUs] JIeJIaeT ATO MOHSATHUE YPE3BBIYANHO BaKHBIM
U1 TEOpUH 00pabOTKHM pe3ysbTaToB u3MepeHuil. JIrobas koHeuHas
COBOKYIHOCTh P€3yJIbTaTOB M3MepeHuil oobemoMm N3 1 paccmarpusa-
€TCs KaK eéblfopKa W3 TeHEpalbHON COBOKYMHOCTH. Tormaa 3agava mo-
CTPOCHUS OIICHKHU YHCIJIOBOTO 3HAYEHMS U3MEPSIEMOMN BEIUYUHBI pac-
CMaTpUBAETCS KaK 3ajjaya OLICHUBAHUA 0 BHIOOPKE KOHEUHOTO 00be-
Ma TlapaMeTpa CTaTUCTUYECKOTO pacIpeaeieHus] NJisg TeHepaJbHOU
COBOKYMHOCTH. OUeBHUIHO, UYTO 3Ta 3aj7a4a, Kak U 3aja4ya OllCHUBAHUS
C MO3ULHN JETEPMUHUPOBAHHOTO MOAX0/1a, HE MOXKET ObITH pelIeHa
TouHO. OHAKO BEPOSITHOCTHBIN (CTATHCTUYCCKHIA) MOAXO0M 0Oamaer
HEOCIIOPHUMBIM MPEUMYIIECTBOM. [IOMHMMO TOCTPOCHUS OIIEHKH HC-
THUHHOT'O YHMCJIOBOTO 3HAYEHUSI U3MEPSIEMOM BEJIMUUHBI B paMKax 3TO-
ro MOJAXO0Ja yJaeTCs ONMPEeSInuTh U MOoKa3aTeau KayecTBa 3TOU OlICH-
KM, OTpa)karolyue CTEeNeHb OJIM30CTH MapaMeTpa U ero OIleHKHU. Tak
KaK IOJy4aeMble MO BHIOOPKE KOHEYHOTr0 00bEMa OIEHKU MapaMeT-
POB CaMH SIBIISIFOTCSI CIyYallHBIMU BEJIMYMHAMHM CO CBOMMH 3aKOHAMH
pacrpeiesieHus], TO MapaMeTphbl 3TUX 3aKOHOB MOTYT CITYKUTh Xapak-
TEPUCTUKAMHU KAaue€CTBa IMOJYyYa€MbIX OILICHOK, B YACTHOCTH, UX CMe-
IIICHUS ¥ PACCESIHUSI OTHOCUTEIBHO UCTUHHOTO 3HAUYCHUS.

Takum 00pa3oM, 0COOEHHOCTbIO OOPA0OTKU PE3yIbTATOB U3MEpE-
HUN ¥ TIOCTPOEHUS OLEHOK YMCJIOBOI'O 3HAUYCHMSI U3MEPSEMON BEINYM-
Hbl B pPaMKaX BEPOSTHOCTHOrO (CTaTHCTHYECCKOIO) IMOJAXOJa SBJISCTCS
HEOOXOIMMOCTh 3HAHUSI 3aKOHA PAaCHpeEiICHUs] Pe3yJIbTaTOB H3MEpe-
HUM. DTO 00CTOATENHCTBO, C OAHOW CTOPOHBI, MOAYEPKUBAET MIPAKTUYE-
CKYIO BaXKHOCTh IIPOILIEYP, HAMMPABJIEHHBIX HA YCTAHOBJICHUE C TOW WM
WHOU CTENEHbIO MPUONMKEHUS] BUJA 3aKOHA pACIpEACNICHUs JIaHHBIX,
MOJIy4aeMbIX B XOJI€ U3MEPEHUH, a C JIPYyroil CTOPOHBI, TOJITBEPKIAAECT
MPUHITUITHATBHYI HEOOXO0IMMOCTh MPUBJICUEHHUS B TPOIIECCE OLICHUBA-
HUSI MH(QOpMALMK O 3aKOHE pacHpeeieHUs, BBIXOIAIICH 3a MpeIembl
OTIbITA U SIBJISIIOILIECUCS PE3YIHTATOM TEOPETHUECKUX MOCTPOCHUM.
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I'naBa 1
OMIUPHUYECKHH 3aKOH pacnpeaeeHus pe3yJibTaToB U3MepeHuil

§ 1.1 IlpeacraBienue pe3yJibTATOB MHOTOKPATHBIX
H3MepeHrH B BU/Ie BADUALIMOHHOIO psijia

OOBIYHO MOJIyYEHHbIE PE3YyJIbTAThl MHOTOKPATHBIX W3MEPEHUI
pa3Mepa onpeIeacHHON (HU3NYECKOM BeIUYMHbBI (HaIIpuMep, paccTos-

HUSI WIN yTJ1a) TPEACTaBISIIOT COOONW MHOKECTBO UYHCEIN {)(IH1 , OTJIH-

YaOIMXCA CBOMMHU 3HA4YeHUsIMU. KOHEYHOE YHCIIO pEe3yiabTaTOB W3-
MEPEHUH MO3BOJIAET NPEACTABUTh UX B BUIE PeAIM3ALUN TUCKPETHOM
CIy4yallHOM BEJIMYMHBI, KOTOPYIO YacCTO Ha3bIBAIOT BHIOOPOUHOM CITy-

YalHOW BeJMYMHOM. J[JI1 TOro 4roObl TaHHBIE {)(I}i1 MOTJIU OBITH HUC-

MOJIb30BAHBI ISl BBIABJICHUSI CTAaTUCTUYECKUX 3aKOHOMEPHOCTEH B
MOJYYEHHBIX PE3yJbTaTaX, a BIIOCIEACTBUU — JJISI IIOCTPOECHUS OLICH-
KM U3MEPSIEMOUN BEJIMYHMHBI, 3TU JTAHHBIE MOJABEPraroT NpeaBAPUTEIb-
HOM 00pabOTKe, IEPBBIM 3TATIOM KOTOPOH SIBIISIETCS PAHICUPOBAHUE.
PamwxxupoBaHueM NaHHBIX U3MEPEHUM HA3BIBAIOT OIEPALIUIO, 3a-
KJIFOYAIOLIYIOCAd B TOM, 4YTO IIOJYyYCHHBIEC CIy4auHble 3HA4YCHUA X,

| =1, N pacmonaratoT B mOpsjaKe Bo3pactaHus (HeyObBaHus). s

3TOr0 NEPEHYMEPOBBIBAIOT JaHHbIE {)(IH1 TaKUM 00pa3oM, 4YTOOBI BBI-
IOJIHAJIOCH YCIIOBUE

XEXELEXE.EX.

[Tocne paHKUpoBaHUA JaHHBIX UX YA0OHO OOBEIUHUTH B IPyI-
bl TaK, YTOOBI B KKJAOW OTACIBHON TpyINIle 3HAUYCHUS PE3yIbTAaTOB
U3MEPEHU ObUIM OJIMHAKOBBI. Torna paHKUPOBAHHBIN psiji pe3yJibTa-
TOB MOJKET OBbITh MPEICTABIIEH B CJICAYIOIIEM BUJIE!

X=X T T X < XKy T T X < X S X <l <X ST X

O4eBUIHO, YTO B KaXAYI0 TPYNIy MOXET BXOAUTHh OAWH WJIU
HECKOJIBKO PE3YJIbTATOB HM3MEpPEeHUU. UeM TOuYHEee WU3MEPUTEIbHBIN
npuOOp M COBEPILIEHHEE €r0 OTCYETHOE YCTPOMCTBO, TEM pexke OyIyT
MOSIBJISITECSL OJTUHAKOBBIE pe3ysibTaThl u3mMepenuit. I Haobopot. dak-
TUYECKH KOHEYHas pa3peniaroiias ciocoOOHOCTh OTCUETHOIO YCTpPOM-
CTBa U OKPYTJICHUE PE3yJbTAaTOB B IPOLIECCE 3AlMCU NMPUBOIAT K TO-
MY, 94TO pe3yJIbTaThl K3MEPEHUHN HENPEPHIBHON BEIMYHMHBI (HaIIpUMep,
pPacCTOSTHUS WU YTJIa) MPUOOPETAIOT CBOMCTBA peasln3aliy UCKPET-
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HOW CIIydanlHOW BeJM4MHbI. K TakuM K€ MOCIEICTBUSAM NPUBOIAUT U
UCIIOJIb30BAaHUE COBPEMEHHBIX U(PPOBBIX U3MEPUTEIIHHBIX TPUOOPOB,
OCYIICCTBIISIIONINX JUCKPETH3aIi0 («KBAaHTOBAHUE») H3MEPsAECMOM
BEJIMYUHBI.

YucnoBoe 3HaYCHUE PE3YyJIbTATOB U3MEPEHUM, OOIee sl Kax-
JIOW TPYMIIBI PAHKUPOBAHHOTO Psifia HA3BIBAIOT 6APUAHMOM, A U3ME-
HEHHME 3TOr0 3HAYEHUs IPU IIEPEX0JI€ OT OJHOW I'PYHIbI K APYron —
eéapvuposanuem. YuCIeHHOCTh OTAEIBHON TPYNIIBI 3TOTO psAa JdaH-
HBIX HA3bIBAKOT YACHIOMOU WIU 6€COM COOTBETCTBYIOUIECTO BAPUAHTA.
OTHoOIIIEHHE YaCTOThI JAHHOTO BapHaHTa K OO0IIel CyMMe 4acToT BCeX
BAPUAHTOB HA3bIBAETCS YACMOCHMbIO WIH 00J1€ell 3TOT0 BAPUAHTA!

u
(¢}
b, =m/am,
k=1
rae M, — KOJIMYecTBO BapuaHTOB B K-if rpynme (4acrora);

U
o]

U — kosmuecTBo rpymm. OueBuaHo, uto g M, = n. [loatomy
k=1

b,=m/n.
YacrtocTh b, sBIIseTCS BHIOOPOUYHBIM (BBIYMCIECHHBIM IO BBIOOD-

K€ pe3yJabTaTOB M3MEpPEHHH oObeMa N) aHAJIOrOM BEpOsSTHOCTH P,

IIOSIBJICHUS 3HAYEHHUS X, , CIly4YalHOU BEJIMYUHBI X .

[Toacyer 4acTOT M YacTOCTEN JJISl KaXJI0r0 BapyuaHTa MO3BOJISIET
IIPEJICTAaBUTh PE3YJIbTAThl U3MEPEHUMN B BUIE OUCKPEHIHO20 6apUAlU-
OHHO020 psaoda. TaK HA3BIBAIOT PAHKUPOBAHHYIO COBOKYIHOCTH Bapu-
AHTOB C COOTBETCTBYIOIIMMHU UM YaCTOTAMH WJIA YaCTOCTSIMH.

IIpumep. [Ipu npoBeneHnn U3MEpEeHUl HEKOM (U3UUYECKON Be-

JUYUHBI TIOJy4Y€Ha COBOKYITHOCTh TUCKPETHBIX O0TCcueToB: 2; 1; 3; 1, 4;
51;3,41;2,3,1;,2,2,1;2,1,1; 3,1, 1, 3,1, 3,1, 2, 4, 4, 5, 2; 2,
1: 2, 3;2;1,3, 3,22, 3, 2,.1: 2.2, 3, 2,5, 2, 7. 2,4, 2, 3, 2, 3, 1, 3;
4,
[Tocne ux pamwxupoBanus nonyuum 1; 1; 1; 1; 1;1; 1; 1; 1; 1; 1; 1; 1;
1; 1,1, 2,2, 2, 2,2, 2,2, 2,2, 2,2, 2,2, 2, 2,2, 2,2, 2, 2, 3, 3, 3, 3,
3,333, 3,3, 3, 3,3, 3,4, 4,4, 4,4, 4,5, 5, 5; 7. CoOBOKYITHOCTH pe-
3yJIbTATOB XapaKTECPHU3YIOT IIECTh BAPHAHTOB C YHCJIOBBIMU 3HAYe-
Husmu: 1; 2; 3; 4; 5; 7. CooTBETCTBYIOIIKNE YaCTOThI BapuaHTOB: 16;
20; 14; 6; 3; 1. YuutsIBasi, 4TO BCEro ObLIO OocylecTBiIeHO 60 m3mepe-
HUM, COOTBETCTBYIOIIME BApUAHTHI OYIyT UMETh CIACAYIOIIUE YaCTOCTH:
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b,=4/15=0,267; b, =1/3=0333; b, =7/30=0,233;
b,=1/10=0100; b, =1/20=0,050; b, =1/60=0,017.

Yare npu u3MEepeHUM 3Ha4€HUU HENPEPHIBHOM BEJIUYUHBI B CO-
BOKYITHOCTH TIOJIYYEHHBIX JAHHBIX HE YIAECTCS BBIAEIUTH OTYETIMBO
pa3IMYarOIIKECs] BAPUAHTHI, TAK KaK MPAKTHYECKA OTCYTCTBYIOT OJU-
HAKOBBIE 3HAYEHUs pPe3yibTaToOB. B MOAOOHBIX clydasx CIeayeT
CTPOUTHb UHMEPEAIbHBLI 6APUAUUOHHBII pal pacupeneneHusd. s
IIOCTPOEHUS TAKOI'0 psAia BHAYAJIE ONPEIEIIA0T IUaNa3oH BapbupoBa-
HUS 3HAYCHUH CITyJaiiHON BeUYHHBI (pe3yIbTaToB W3MEpeHuii). Yac-
TO €0 HA3bIBAIOT 6bIOOPOUHBLI PA3MAX, & BBIYUCIAIOT M0 popMyIie

V= Xirax = K

rae X .., X, — HanOoJbllee U HaMMEHbLIEE U3 MOIYYEHHOE 3HAaUCHUN
pe3yabTaTOB U3MEpeHU. J{nama3oH 3HaYeHUW pa3OMBaAIOT HA OTACIb-
HbIE UHTEPBAJIBI U PACCUMTHIBAKOT YACTOTY NONAJAHUS 3HAYEHUM BEJIN-
YUHBI B KQXKJbI YaCTUYHBIN MHTEpBal. TakuM oOpa3oM, unmepeaib-
HbIM 6APUAUUOHHBIM PAOOM HA3BIBAIOT YIIOPAJIOYEHHYK) COBOKYII-
HOCTb UHMEPEAN06 6apbUPOGAHUA 3HAUCHUN PE3YIIbTATOB U3MEPEHUN
C MOJICYMTAHHBIMU YaCTOTaMH (WM YaCTOCTSMHU) TOTAJaHUN B KaxK-
IbIA U3 HUX COOTBETCTBYIOIIMX U3MEPEHHBIX 3HAYCHUN BEJIUYUHBI.

BaxxHenmM BOIIPOCOM NOCTPOCHUS UHTEPBAJIBHOIO BapHalld-
OHHOTO psiia SIBJISIETCS BBIOOP BEJIMYHMHBI MHTEPBAJIA, UCIIOIb3YEMOIO
JUIS TPYIIIMPOBKH DJIEMEHTOB psifa (pe3ysbTaToB u3MepeHuid). Takoi
BBIOOp OOBIYHO OCYILIECTBIAIOT C YYE€TOM TOrO, YTO MHTEPBAJIbHBIN
BAPUALIMOHHBIN PsJl UCIOIB3YETCs, NMPEXKAEC BCEro, s IOCTPOCHUS
THCTOrpaMM (HMJIM ITOJIMTOHOB), OTpa)KaloIMX B rpaduueckor Gopme
OMIIUPUYECKUE 3aKOHBI pAaCHpPEICIICHUs HENPEPBIBHBIX Cily4alHbIX
BennuuH (pe3ynpTaToB U3Mepenwii). [lomumo TOTO, 9YTO THCTOTpaAaMMa
(mosuroH) SABJSIETCS YAOOHBIM CPEICTBOM BU3YaIH3AIlMH XapakTepa
IKCIIEPUMEHTAIBHBIX JTaHHBIX, OHA MPEACTABISAET COO0O0M mpuOIMKe-
HUE (PYHKUIHUM pacupenesieHus BeposATHOCTU. ClenoBaTelnbHO, OTHO-
CHTEIBHOE YHCJIO AIEMEHTOB KaXkoi rpynmsl (dactocts D, ) mokasbr-

BAeT BEPOSTHOCTH TOTO, YTO CIEAYIOIIee 3HAYCHHE WU3MEPSEMON Be-
JTWYUHBI IONA/IET B TaHHYIO Tpyminy. M3numHe 60IbII0e YUCI0 TPy
npu pa30MCHUH TUarna3oHa M3MEPEHHBIX 3HAYCHW Ha Majble MHTEp-
BaJbl MOXKET JIaTh CJIHIIKOM «CKa4dyIIUii» rpauK TUCTOTPAMMEI, a
CIIMIIKOM Mayioe (Ipu OOJIBIION IIMPHUHE MHTEPBAJIOB) — HEECTECT-
BEHHO «CIVIOKEHHBIN». LlenecooObpa3Ho uMeTh Takoe YHUCIO Tpymd
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(MHTEpBaJIOB pa30MEHMs] MHOXKECTBA pE3yJIbTaTOB M3MEpEHUii), obec-
MIEYMBAOIIEE HAWMEHbIIIEEe OTKIOHEHHE T'MCTOrpaMMbl OT (DYHKIIUMHU
pacripeiesieHs] BEpOSTHOCTH, T.€. TO3BOJISIIONIEE JaTh HanboJiee ToY-
HYIO OIIEHKY (DOpMBI (PYHKIIMU pachpeeieHUs] BEPOITHOCTH IS Te-
HEPAIBbHON COBOKYITHOCTH.

B Hacrosmiee Bpems s LENEd ONPEICIICHUSI KOJIUYECTBA HH-
TE€pPBaJIOB BApUAIMOHHOTO PsJIa UCIIOJIb3YIOTCA HECKOJIBKO MTPaBUII.

®dopmyna CrepkecCa, 000CHOBaHHAS JJIsI CIy4dasi HOpMaJIbHOTO
3aKOHA pPaclpeIeiCHUs 2JIEMEHTOB BAPUAIMOHHOTO pAia

u =1+log,n=1+3322Ign,

rae N —o0beM BHIOOPKH.

bonee TouHbie (HOPMYJIBI MOCTPOEHBI TaK, YTO OHH OTPAXKAIOT
OTJIMYUE SMIIMPUYECKOTO 3aKOHA PACIHPEACICHUS OT HOPMAJIBHOTO.
Ot GOpMYJIbl YYUTHIBAIOT HE TOJBKO KOJIWYECTBO JIEMEHTOB Bapua-
IIUOHHOTO psifia, HO U XapakTep ux Bapuanuu. K HUM oTHOCSTCS:

- ¢opmyna Ckorra: h =35N"3, rne h — mmunHa WHTEpBaJa,
S — cTaHmapTHOE OTKIOHEHHUE 3HAUYCHUH Psa N3MEPCHHI,

- ¢dopmyna Dpuamana-Jmakonnca: h=2(1Q)n""%, rxe
(1Q) — pa3HuIla MeX Ay BEpXHUM M HIDKHHM KBapPTHIISIMU p;mal;

- hopMyna g ONTHMANbHON IMHMPWHBI WHTEPBaja BapHaIlHOH-

, _ U3( h-2/3 - 1/3
noro psia: hy, =126p"°(p9 “"n""", rae P(X), p(X) — momnexa-
1as ONPEEIEHUI0 HEM3BECTHAS (DYHKIMSA IJIOTHOCTU BEPOSATHOCTH M
€€ IPOM3BOAHAS COOTBETCTBEHHO. 3aMETUM, YTO IIOCIEIHHE TPHU

bopMyIIbl PEKOMEHIYIOT BHIOMpATh KOJIMYECTBO MHTEPBATIOB U ~ n.
Ecnu e okaxercs, 4To U ApOOHOE YMCIIO, TO KOJUYECTBO MHTEpBa-
JIOB BHIOUPAIOT PABHBIM OMKANIIIEMY K HEMY IEJIOMY YUCTy. Pe3yiib-
TaThl pacueTa Mo pa3iuyHbIM (opMyJiaM MOKa3bIBAIOT, YTO MPHU KOJIU-
YECTBE JIEMEHTOB BapuarmoHHoro psga N =100 xonudyecTBO MHTEP-
BaioB U =5, 7,anmpm n=1000 —u =10, 12.

PaccunrtaB 4nCiI0 ¥ MUPUHY UHTEPBAIIOB, ONIPEJCISIOT, CKOJIBKO
M3MEPEHHBIX 3HAYEHUM MONAJIO B KAXKIAbIM KOHKPETHBIM HWHTEPBAIL.
[Ipu 5TOM B MHTEpBaJ BKIIOYAIOT 3HAYEHUS BEJIIUUYHUHBI, OOJIBIINE WU
paBHbIE HW)XHEW TpaHUIICE U MEHBIINE BEPXHEW TpaHUllbl, TO €CTh

1 o
KBapTI/IJ'II/I ACIAT BapUALIMOHHBIM PsJ Ha YCTBIPEC PaBHBIC YAaCTHU IO HAKOIIJICHHBIM
qacToTaM, CpCaAHUM KBAPTHUIICM ABJIACTCA MCIHaHa
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HWXHAS I'PaHULda UHTCPBAJIa BXOAUT B HCTO, 4 BEPXHIASA — HCT. 3a Ha-

4aJjio MepBOT0 UHTEPBAJA PEKOMEHAYIOT OpaTh BEIUYUHY
Xgart = Xin = NI2.
Torz[a rpaHHuIia DOCICAHCTO MHTEpBaIa X

Start
in OIIPENEIAETCSA UCXO-
151 U3 CIEAYIOIIETO YCIOBUS:
Xfin - h £ Xmax < Xfin'

[IpoMeXyTOUHBIE UHTEPBAJIBI CTPOST, IPUOABIISAS K TPAHUYHOMY
3HAYCHUIO MPEABIAYINEro HHTepBaja JJIMHY N ciemyromero.

MHoOroneTHud OMbIT Py4YHOM OOpPaOOTKM OOJBIIMX MAaCCHUBOB
IKCIIEPUMEHTAIBHBIX JJAHHBIX MO3BOJIUII BIPA0OTATh TaKyI0 TEXHOJIO-
TUI0 pa30MEHMs] BCETO MAacCHMBa Ha OTACIbHBIC Tpymmbl. ['paHUYHbBIC
3HAYEHUs MOCJIEA0BATEIbHOCT MHTEPBAJIOB 3aIlMCHIBAIOT B CTOJIOEII,
a 3aTeM, MpOCMaTpUBas JaHHBIC B TOM MOPSJIKE, B KOTOPOM OHU ObLIIN
MOJTYY€HBI, MPOCTABIISIIOT CIpaBa OT YHCJA, OTPAKAIOIIETO JIEBYIO
IPAHUIly COOTBETCTBYIOIIETO MHTEPBAJa, TOYKH WIH 4epTouku. Kax-
JIOMY YHCJIy pe3yJbTaTOB, HE MPEBBIIIAIOIIEMY ACCATKA, OyAET COOT-

BETCTBOBATh (hUrypa, MoxXoskasi Ha KOHBEPT:

1 2 3 4 5 6 7 8 9 10
I S S & S 7 S

[Tocite 3aBepiieHUs OYepeAHOro JaecsATka (IMOSBICHUS <«3arcya-
TAaHHOT'O KOHBEpTa») mporiecc cuera (M (POPMUPOBAHUS OYEPEITHOTO
«KOHBEpTa») HaunHaeTcs cHoBa. Ha pucynke 1.1 mpeacraBieHs! rpa-
buueckre o0passl crienyromux uncen: 21, 47, 64.

21 KK
47 KKK
64 IR XKXRKX:.

Puc. 1.1. [Ipumep npuMeHEHUS METOJA «KOHBEPTOB JIJIs
0003HauY€HHUsI TOJICYHUTAHHOTO KOJMYECTBA PE3YJIHTATOB B OT/IEIBHBIX
VMHTEpBalax BapuallHOHHOTO Psja.

Yucno 3JEMEHTOB BapHalMOHHOTO psfa (pe3ynbTaToB H3MeEpe-
HUI), TIOMAaBIINX B KaXIbIi OTICIIbHBIM MHTEPBaJ, OOBIYHO HA3BIBAIOT
UHMEPBAIbHBIMU YACMOMAMU, A UX OTHOILLICHUS K OOIIEMY YHCITy U3-
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MEpeHUll — unmepeanvuvimu yacmocmamu. [Ipy BEIYUCICHUN UHTEP-
BaJIbHBIX YACTOCTEH OKPYTJCHHE PE3yJIbTATOB CIEAYyET MPOBOJIUTH Ta-
KUM 00pa3oM, 4ToObI 00I11asi CyMMa 4acToCTel Obliia paBHA eduHuye.

§ 1.2 IlocTpoeHue rucTorpamMm

CucreMaTu3npoBaHHbIE U MpEIBapPUTEILHO O00pabOTaHHBIE pe-
3yJIbTaThl U3BMEPEHUM B BUJIC BAPUAIIMOHHOTO Psijia MOTYT OBITh IIpe-
CTaBJICHbI rpaduuecKuMu 0oOpa3zaMH, Ha3bIBAEMBIMU THCTOrpaMMaMu
Y TIOJIUTOHAMU.

T'ucmozpamma — crioco6 rpaduvecKoro MpeaCcTaBiICHUsS CTATH-
CTUYECKHUX JaHHBIX B BUJE CTOJIOYATON THArpaMMBl.

Tak kak 3aKOH pacHpeeiICHUs CIyJdaliHONW BEIMYMHBI (pPe3yIib-
TaTa U3MEPEHUI) MOXKET IIPEJICTABIATHCS B IBYX OCHOBHBIX (popMmax:

- UIHTErPAIbHOTO 3aKOHA — PYHKIIMU pacipeeeHus,

- muddepeHInanbHOro 3aKOHa — IVIOTHOCTH paclpeiesiCHUsl Be-
POSITHOCTEH, TO U THCTOTPAMMBI, IOCTPOCHHBIC MO JTAHHBIM BapHaIlu-
OHHOTO psJia, MOTYT UMETh JBE pa3Hbie Gopmbl. Yale mpuMEHSIOT
TUCTOTPAMMBI TIJIOTHOCTHM YacTOCTEM BapualMoHHOro psiaa. Takwue
TUCTOTPAMMBI CTPOSIT CIAETYIOIINM 00pa3oM.

ITo ocu abcrce OTKIIAABIBAIOT TPAHUITBI HHTEPBAJIOB, U Ha KaX-
JIOM U3 0003HAYEHHBIX OTPE3KOB, KAK HA OCHOBAHUSX, CTPOSIT MPSIMO-
YTOJIbHUKH, HA0WA0b KAKJAOTO U3 KOTOPHIX paBHA YacCTOCTH
b.=m/n s nanHoro wuHTepBasa. [loaTOMy BBICOTA Ka)IOTO

cronoua rucrorpammel pasaa M/ nh=Db /h, rne h=V/u — mmpn-

Ha MHTepBasia. M3 crnocoba mocTpoeHust CleayeT, 4To MOoJHas IIo-
1aJ1b THCTOTPAMMBI PABHA €IUHUIIE!

u u u u

amh/nh=gm/n=gm/am=1.

i=1 i=1 i=1 i=1

IIpumep. IIpousseneno N =500 u3MepeHuil yrioBoro mojoxe-

HUS (HarpuMep, TOPU30HTAIBHOTO YIJIa) MEKIY HEKOTOPBIMUA OOBEK-
Tamu (3HaKaMu) Ha MecTHOCTH. Ilo pe3ynbpraraM m3MepeHWi BHIYHC-
JIEHO CpPEHEE 3HAUYCHUE YTJIAa U YKIOHEHHS KaXJIOT0 U3 PE3yIbTaTOB
OTHOCHUTEJIBHO cpeaHero. UucinoBble 3HAYCHHUS STUX YKJIOHCHHMH (U3-
MEPECHHBIC B YIJIOBBIX MHHYTAaX) CBEJICHBI B BApUAIIMOHHBIA PsIl, BbI-
oopounsrii pazmax (V =28) koroporo pasjicieH Ha 8 HHTEPBAIOB
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(u ~%/n »8). B Tabnuue 1.1 npeaCTaBICHBI JaHHBIC BAPHALHOHHOTO
psaa, OTPAKAOIIETO Pe3yIbTaThl TPOBEACHHBIX YIJIOBBIX H3MEPCHUH,
Torga rucrorpaMMa UMEET BHJ, NPEACTABICHHBIA Ha PUCYHKE

1.2.

Tabmuma 1.1 — Pe3ynbrarbl M3MEpEHUs] YKIOHEHUU YTIIOBBIX
WU3MEPEHNUU OT CPETHETO 3HAYEHHUS TOPU30HTAIBHOIO YTl

i Xi max + Xi min m bi bSi bi /h
1 -14; - 105 6 0,012 0,012 0,0034
2 -105; - 7 25 0,050 0,062 0,0143
3 -7;,-3p 72 0,144 0,206 0,0411
4 -35;0 133 0,266 0,472 0,076
5 0; 35 120 0,240 0,712 0,066
6 35,7 88 0,176 0,888 0,05
7 7;105 46 0,092 0,980 0,026
8 105; 14 10 0,020 1,000 0,0057
A
(B,/h)x10°
8
)
4
2
[ ] 1
-i4 -7 0 7 i4 X

Puc. 1.2. [Ipumep noctpoeHus: TUCTOrpaMMBbI 17151 1udPepeHITnaTbHOTO
IMITUPUIECKOTO 3aKOHA pacTpeIeTICHUs
(Ha ocHOBe JaHHBIX TaOIHUIIEI 1.1)

Cnenyetr OTMETUTh, YTO €CIM M3MEHUTh MacIiTad u3MepseMoiu
BEJIMYMHBEI M BBeCTH HOBYIO — Y = X/ N, To B 5TOM Cilywae kaxmpiii

WHTEpBaJ BApUAIMOHHOTO psifa OyAET UMETh eOUHUYHYI0 UWIUDUHY .
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JlelicTBUTENbHO, TOCJIe M3MEHEHHUsI MaciiTaba pe3ysbTaTOB H3MeEpe-

HAR Yo = Yimin = (X e = Xmin) /N =H/N- 1. B srom ciyuae BeicoTa

OTAENBHOMN SYEHKH THCTOTPAaMMBbI paBHA MHTEPBAJIHLHON 9acTOCTH D. .
Panee ormeuanoch, yto oTHOmeHWe M/ N=Db, ecth momnsa pe-

3yJbTAaTOB, OKa3aBIINXCA B YKA3aHHOM HMHTCPBAJIC. HO3TOMy qaCTOCTb
bi HMCCT CMBICII BCPOATHOCTHU IIOIMAaAAHUA PE3yJibTaTa OTIACIBbHOI'O

M3MEPEHUs] B JaHHBIA HWHTEpBal. Breipaxkenune M /nh, momyyaemoe
nocie nejeHus M/ N Ha mupuHy uHTepBaia h, mpuoOperaeT cMbICH

naomuocmu geposimuocmu. IIpu odeHb OOJIBIIIOM KOJMYECTBE H3Me-
peruit (N® ¥ ) Bech AMana30H U3MCHEHUS BEJIMYHMHBI X MOXKHO pa3-
OWUTh Ha OCCKOHEYHO Majible MHTEpBabl OX, KaK 3TO JeaeTcs B Ma-
TEMaTHKE, ¥ HAaWTH KOJUYECTBO pe3yibTaToB AN B KakaoM u3 HUX. B
3TOM CJIy4ae THCTOIpaMMa IIPEBPATHTCS B ILIABHYIO KPUBYIO — I'pa-

bux pyHKIUMA
0(x) = dn/ndx = lim -

n® ¥ )
h® 0 nh

Takyro QyHKINIO HA3BIBAIOT HJIOMIHOCHIbIO 6EPOAMHOCHU.

DTO COOTHOIIEHUE MOKA3bIBAET, UTO MO MEPE yBEIUYEHUS 00be-
Ma BBIOOPKH M BCE OOJIBIIETO MPUOIMKEHUSI K 00bEMY T'€HEepalbHOU
COBOKYITHOCTH THCTOTpaMMa, IpeACTaBIsAoIIasi BBIOOPOUYHOE pacipe-
neneHue Bce Oosiee MpuUONMKAETCsl K UCTUHHOMY BHAY (YHKIUU
IJIOTHOCTH PACHPENEIICHUS], OTPAKAIOIIEMY CTaTUCTUYECKHUE CBOMCT-
Ba T€HEPAJIbHOW COBOKYIMHOCTHU. Ecnu nmpuaepkuBaThcsa yOEKIECHUS O
TOM, YTO 3aKOH paclpeie]ieHHus FeHepalbHON COBOKYIHOCTH COJiEp-
KUT B ce0€ MCTUHHOE 3HAUYCHHE M3MEPSEMON BEIUYMHBI B KAUeCTBE
OJIHOTO W3 MapaMeTpoOB, TO PA3yMHO MPEAMNOJIOXKHUTh, YTO OIpe/ee-
HUE aHAJOTUYHOIO MapaMeTpa JJisg BBIOOPOYHOTO paclpeiesieHUs 0-
3BOJIUT NMPUOIMKEHHO YCTAHOBUThH 3HAYEHUE ITOTO e MapaMerpa s
reHepaIbHOW COBOKYMHOCTH M TE€M CaMbIM oOecrneduTh (HOpMUpPOBa-
HUE OIIEHKU UCTUHHOI'O 3HAUEHUS U3MEPSEMOMN BEJIUYNHBI.

PaccmotpuM Tenepr crnocod MOCTPOECHHS] TUCTOTPaMMBbl SMITH-
pudeckoi pyHkuuu pacnpeaenenus. [lycte umeercs BbIOOpOUHas co-

n [V V)
BOKYITHOCTb {Xi}1 3HAUYEHUN pe3ysIbTaTOB HM3MEpPEeHH o0beMa N

(i =1,n), opranu3oBaHHas B BUC BapUAIMOHHOIO PsJa, U KaKIOMY
BAapHAHTy X TIIOCTaBJ€HAa B COOTBETCTBHE €r0 YacTocTb b, =m/n.
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ITyctb nanee X, — HEKOTOPOE JEHCTBUTEIBHOE YUCIO, @ M — YUCIO
BBIOOPOYHBIX 3HAYCHUH CIIy4alHOM BEJIMYHUHBI X, MEHBIIUX X,. Torna
quciao M,/ N sBIseTCS 4acTOCThIO HAOMIOAaeMbIX B BBIOOpKE 3Haue-
HUU BEJIMYUHBI X, MEHBIIUX X,, T. €. YACTOCTBIO MOSIBJICHUS COOBITUS
X< X,. [Ipn u3meHeHnn X, B 001IeM ciryqae OyJIeT U3MEHATHCS U Be-
onuuHa M,/ N. DTO 03HadaeT, 4To OTHOIIeHHWe M, /N sBiseTcs

dbyHKIMeR aprymeHTa X. OTy (YHKIHMIO M Ha3bIBalOT BBHIOOPOYHOM
WU SMIMpUYECKON PyHKIMEN pacnpenesienus. TakuMm oOpas3om, @bi-
oopounou ynkuyueii pacnpedenenusn (niu QyHKIHEH pacrpeaele-

HUsI BRIOOpKM) HasbiBaroT ¢yHkmmio F(X)=m /n, 3apatonryro ms
Ka)XXJIOTO 3HAUEHHSI X OTHOCHTEIHHYIO YaCTOTY COOBITHS X < X;.

I[JIH €C IOCTPOCHUA 110 AdAHHBIM BAapHALIMOHHOI'O pdada AO0CTa-
TOYHO BBIUUCJIUTH TaK HA3bIBAEMbIC HAKOIIJICHHBIC YaCTOCTH.

by, =b, =m/n;
b82:b1+b2:(m+rnZ)/n;

b, =b,+b,+..+b, =(m+m,+...+m)/n.
O4eBHIHO, YTO HAKOIUICHHAS YaCTOCTh IS MOCIICTHETO UHTEP-
Bajia BapHalMoHHOro psaaa (i =uU) paBHa

U
o]
b, =am/n=1.
i=1
ComnocraBnsis KaXAOMy HWHTEPBAJy COOTBETCTBYIOUIYH) HAKOII-
JICHHYIO 4aCTOCTb bSi U CTPOSA Ha OCHOBAHHUHU PABHOM IIHUPHUHE KaXK-

J0T0 MHTEpBaja, MPSIMOYTOJIBHUK BhICOTON D, popmupytor rucro-

rpammy naHHoro tuna. Ha pucynke 1.3 npencraBieHa rucrorpamma,
HOCTpOEHHAs 10 JaHHBIM Tabiuiel 1.1 (3HaueHus Dy B3ATHI U3 ee -

TOW CTPOKH).

Oyuxms F(X) =m_/n=bg (X) obramaer Temn e CBOICTBA-
MH, 4TO U TeopeTrueckas QyHKuus pacnpeaeacHus F(X):

1) O£ F(x) £1;

2) F(X) —Hey6biBarowmas QyHKLHUS,

3) F(-¥)=0; F(¥)=1.

OueBHUIHO, YTO
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F(X) :Ini®r9|5(x).

h® 0

BT/ 0

0.8

0,6

L0, 4

0,2
—— ,
-4 -7 0 7 4 X

Puc. 1.3. IIpumep mOCTPOEHHUS THCTOTPAMMBI ISl HHTEIPAIBHOTO
IMIIMPUIECKOTO 3aKOHA PACIIPEICIICHUS
(Ha ocHOBe JaHHBIX TaOIHUIIEI 1.1)

8 1.3 [locTpoeHue MOJIUTOHOB

[ToMmuMo rucTorpamm st rpaduyecKoro MpeAcTaBICHUs JaH-
HBIX MHTEPBAJIHHOTO BapHAIMOHHOTO PsJa HCIIOIL3YIOT HOJAUZOH OT-
HOCHTENbHBIX yacToT. Ha pucynke 1.4 mpencraBiieH MOJUTOH (JoMa-
Hasl JUHUA), TOCTPOCHHBIA JIJI TEX K€ JaHHBIX, YTO M THCTOrpaMMma
Ha pucyHke 1.2 (myHkTHpHas nuHUA). IS €ro MOCTPOCHUS WHTEP-
BaJIbHBIN BapUAIlMOHHBIN PAJl MPEACTABISAIOT B BUJE TUCKPETHOTO Ba-
PHAIIMOHHOIO psAaa. B aToM ciiyyae /i | -ro HHTEpBaja psijaa onpeje-
JSIOT HEKOTOPOE XapaKTePHOE 3HaUYCHHE, KOTOPOE MPUHUMAIOT 3a Ba-
pHAHT X .

B xaudecTBe HETO MOXKET OBITh BEIOPAHO CPeOUHHOE 3HAUCHUE U3
MOTABIIUX B UHTEPBAJ PE3yIHbTATOB U3MEPCHU I

Xi = (leax + Ximin)/21

rae X, X. — HauOonbllee U HAUMEHbBIIEE U3 3HAYCHHUH pe3ylibTa-
TOB M3MEPCHHH, MONABIINX B |-l MHTEpBaj, WIH CpeoHee apuque-
muueckoe [0] 3HaYCHMI PE3yIbTATOB M3MEPCHHH, MOMABIINX B |-U
UHTEPBaJ
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X = gaxj-/m

rae M — KOJIMYECTBO PE3YNIbTATOB X, MONABIIMX B |- HHTEpBA

(dactora); 1 =1, U; j=1, m. CoOOTBETCTBYIOIIYIO WHTECPBAIHHYIO
YacTOTy [T} MPUHUMAIOT 3a YacTOTy BapuaHrta X . Jlamee u3 Todek X

CTPOSAT MEPHEHAUKYJIAPBI, OTKIAABIBAIOT HA HUX OTPE3KH, PABHBIE 110
BeIMUYWHE 3HAYCHHUIO M / NN ¥ COeAMHSIOT OTPEe3KaMU MPSIMBIX KOHIIHI
cocelHUX OTpe3koB. Ilnomans Gurypsl, orpaHM4eHHON JTOMaHOMN JIH-
HHUEH MOJIMTOHA, KaK W TUIOIAlh, OTPAaHUYCHHAS THCTOTpaMMoit (CTy-
IIeHYaTas [yHKTUPHAs JIMHUS Ha pI/ICXHKC 1.4), paBHa eIMHHAIIC.

(B./h)x10°
LS
:S'"":
6
..... -4 m/ nh
>
14 _7 0 7 14 X

Puc. 1.4. [Ipumep nocTpoeHusi MOJIUIOHA OTHOCUTENbHBIX YaCTOT

Cnenyer oOpaTuTh BHUMAHHE Ha TO, YTO BBIOOp MOJOKEHUS
IMCKPETHOTO BapuaHTa X BHYTPH |-TO HMHTEpBaJla KaK CPEIHETO
apu(pMETUYECKOTO OT 3HAYEHUM Pe3yJIbTaTOB, MOMABIINX B MHTEPBAI,
MOKET MPUBECTU K TOMY, YTO PACCTOSHUS MEXKJY TOUKAMU X CTaHyT
HEOAMHAKOBbIMU. OHAKO MO Mepe YBEIMYCHHUS 00beMa BBIOOPKH U
YMEHBIIEHUS IIUPUHBI WHTEPBAJIOB PA3IMUYMUS MEXKIY IMOJUTOHAMH,
NOCTPOEHHBIMH MPU Pa3IMYHBIX crioco0ax BbIOOpa BapuaHTa X, ObI-
CTpO HWcYe3aT. Bropoit gopmoit momurona (Tak ke, Kak W THUCTO-
I'paMMBbI) SIBJIIETCS I'paduUecKoe MPeJACTaBICHHE IMIUPUICCKOM (BbI-
O00pouHOiT) PYHKITUHU pacripeicIICHHS.
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Ha pucynke 1.5 mpencrabiien monuron (JlomaHas JUHUS), I0-
CTPOCHHBIN ISl TeX )K€ JaHHBIX, YTO M THCTOrpaMMa Ha pucyHke 1.3
(TyHKTUpHAS JTHHHUS).

31ech TakKe Ul | -To MHTEepBajia psaa ONpeaessioT HEKOTOPOoe
XapakTepHOe 3HaueHUE, KOTOpOe MPUHUMAIOT 32 BapwaHT X.. Ha pu-

cyHke 1.5 B kauecTBe X ObLIM BBIOpaHBI CEpEIUHBI MHTEPBAJIOB.

VIMEHHO 3TMM 3HAYEHHUSIM OBUIM COIOCTABJIEHBI COOTBETCTBYIOIINE
HAKOIUIEHHBIE YacTOCTH Dy, .

=Y

Puc. 1.5. [lpumep nocTpoeHus MOIUTroHa BEIOOPOUHON (DYHKITUH
pacrpeaeneHus

KOHTpOJII)HI)Ie BOIIPOCHI M 3a/IaHUA

1. B geM 3akiro9aercs CyIIHOCTh BEPOSTHOCTHOTO (CTATHCTHYE-
CKOTO) T0oaX0/1a K 00paboTKe pe3yJbTaTOB M3MEPCHHHA (PU3NUECKOMN
BEJIMYUHBI? B yeM oTJInuKe U CXOJICTBO BEPOATHOCTHOIO U JI€TEPMU-
HUPOBAHHOTO MOJIXOI0B?

2. Jlatite onpenenenus (MPUMEHUTENBHO K MHOTOKPATHBIM W3-
MEPEHUSM 3HAYCHUS (PU3UUICCKONW BEIMUYMHBI) TIOHATHUSIM <TEHEPAIIh-
Hasi COBOKYITHOCTb» U «BBIOOpKa»?

3. Kak ocymiecTBisiercs onepauus paHXUPOBaHUS JaHHBIX H3-
MepeHui? YTo Takoe BapualmoHHbIN psaa? Onpenenure MOHIATHE «Ba-
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puaHT». B uem paznuuue TMCKPETHOTO U MHTEPBAJIBLHOTO BapHUallMOH-
HBIX PSIOB?

4. JlaiiTe onpeneneHne NOHATUIO «4acToCcTh». Kak yacTocTs co-
OTHOCHUTCSI C BEPOSITHOCTHIO?

5. KakuMu OCHOBHBIMHM MpaBHJIaMHU PYKOBOJICTBYIOTCSI IIPH OII-
peaeIeHUH KOJIMYECTBa MHTEPBAJIIOB BAPHUAIIMOHHOTO psiia?

6. Uro Takoe rucrorpamma? B ueMm 3akirodaeTcs IMOCIEI0BaA-
TEJIHOCTh JACWCTBUU MPU IMOCTPOCHUH SMIUPUUYECKOrO 3aKOHA pac-
npeeeHUsl pe3yIbTaTOB U3MEPEHUN ?

/. Kak cBsI3aHBI TEOPETUYECKUIA U SMIIMPUYECKUN 3aKOHBI pac-
IpeaeICHUS Pe3yIbTaTOB H3MEPCHUS ?

8. Uto Takoe «moauron»? B ueM 3akiroyaeTcsl ero OTIMYHE OT
TUCTOTPaMMBbI ?

9. [TocTpoiiTe THCTOrpaMMy IO CIICIYIOITUM JaHHBIM.

Bapuanrt 1.
0,7;1,0;1,3;1,6;1,9; 2,0; 2,1; 2,2; 2,5; 2,6; 2,8; 2,9; 3,0; 3,0; 3,1; 3,1;
3,2, 3,3; 3,5; 3,6; 3,7, 3,8; 3,9; 3,9;4,0; 40, 4,1, 4,1, 4,1, 4,1, 4,2; 4,2,
4,3; 4,3, 4,4, 4)5; 4,5, 4,6; 4,6; 4,7, 4,8; 4,8; 4,8, 4,9; 4,9; 4,9; 4,9; 5,0;
50;5,1;51; 51, 51, 52; 52, 5,3; 53; 54, 55; 55, 56, 56; 5,7, 5,8,
58;58;59; 509, 60; 60, 6,1, 6,2, 6,2, 6,3, 6,3, 64, 6,5, 6,5, 6,6, 6,6,
6,7,6,8,6,9;, 70, 72,72, 75,75, 76, 76, 7,7, 1,8; 7,9; 8,0, 8,2; 8,5
8,6; 8,9; 9,0; 9,2

BapuanT 2
05;1,0;,1,2;1,6;1,7; 2,0; 2,2; 2,2, 2,5; 2,7; 2,8; 2,9; 3,0; 3,0; 3,1; 3,2;
3,2;3,3; 3,5, 3,7: 3,7; 3,8, 3,8; 3,9; 40; 4,0; 4,1; 4,1; 4,1; 4,2; 4,2; 4,2;
43:.4,3;4,4: 4,4, 45; 4,6; 4,6; 4,7; 4,8; 4,8, 4,9; 4,9; 4,9; 4,9; 4,9; 5,0;
50;50;51;51;51;51; 572,53, 53, 54,55, 55; 56, 57, 57, 5,8,
58;58;59;509;,6,0;6,1; 6,1, 6,2; 6,2; 62, 6,3; 64, 6,5, 66, 6,6, 6,6,
6,7.6,8;69;70;70; 72, 75,75, 76, 7,7, 7,7, 7,8, 7,9; 8,0; 8,4; 8,5;
8,6; 8,9; 9,0; 9,6

Bapuanr 3:
0,8;1,0;1,2;15;1,9; 2,0; 2,1; 2,1; 2,5; 2,6; 2,6; 2,9; 3,0; 3,0; 3,1; 3,2;
3,2; 3,3; 3,5, 3,5;3,7; 3,8, 3,9; 3,9;:40; 4,0; 4,1; 4,1; 4,1; 4,2; 4,2; 4,2;
43:.4,3;4,4: 44,45, 4,6;4,6; 4,7, 4,7; 4,8, 4,8, 4,9; 4,9; 4,9; 4,9; 5,0;
50;51;51;51;52;52; 52,53, 53; 54,54, 55; 5,6, 56, 57, 5,8,
58;59;59; 509 6,0; 60; 6,1, 62, 62; 63, 64, 64, 6,5, 65, 6,6; 6,7,

22



6,7;6,8;69;70; 7,1, 7,2, 7,4, 7,5; 71,6; 7,6; 71,8; 7,8; 1,9; 8,0; 8,2; 8,5;
8,7:.89:90: 91

Bapuanr 4:
0,3;1,0;1,3; 1,4; 1,8; 2,0; 2,1; 2,1; 2,4, 2,6; 2,8; 2,9; 3,0; 3,1; 3,1; 3,1;
3,2; 3,3, 35;36;3,7,38;,38,39;,40:41:41; 41;4,1;4,1; 4,2; 4,3;
43.4,4;,44.45;45; 4,6; 4,7, 4,7, 4,8; 4,8, 4,9; 4,9; 4,9; 4,9; 5,0; 5,0;
50;51;51;51;52;52; 52,53, 53, 54,55, 55; 55, 56, 57; 5,8,
5,8;5,8;5,8; 5,9:; 6,0; 60; 6,1; 6,1; 62; 63; 64, 64, 65, 6,5; 6,6 6,6;
6,7.68,69;,70; 71,71, 73,75, 76, 76; 7,7, 78, 7,9; 8,0; 8,1; 8,5;
8,8; 8,9; 9,0; 9,3
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I'naBa 2
IIpubdan:keHHOE OLleHUBaHHMe MMAPaAMeTPOB 3aKOHA
pacnpe/ejieHUs1 TeHePaJbHO COBOKYITHOCTH IO BBIOOPKeE
KOHEYHOI'0 00heMa

§ 2.1 CBoiicTBa 0II€eHOK pe3yJIbTaTa H3MePeHHii

B o6mem caydae mobas QyHKIMS OT 3HAYECHUM H3MEpPEeHHI
{x,}l1 , IPUHUMaeMas B Ka4eCTBE MOAXOAAIIECTO 3HaUeHNS HEU3BECTHO-
ro napamerpa (BenmuuHbl) X = f(X,...,X ..., X ), Ha3bIBACTCS OUEH-
Kou 3TOro napamerpa. B paMkax CTaTUCTHUYECKOTO MOAXO0Ja MHOXKE-
CTBO 3HAYCHUU {)q};1 , TIOlyYCHHBIX B XO0JIE MHOTOKPATHBIX MPSIMBIX

U3MepeHU (U3UYECKONW BEJIMYMHBI X, SABJISIETCS OCHOBOM Jid TMO-
CTPOEHHS OLICHOK HEU3BECTHBIX ITAPAMETPOB I'€HEPAIBbHOM COBOKYII-
HOCTH, & B KOHEYHOM HUTOI'€ — OLICHKM UCTUHHOI'O 3HAYECHUs U3MEpsie-
MO BEJIMYUHBI. Ba)XHO IMOJYEPKHYTH, YTO OLEHKU HEU3BECTHBIX I1a-
paMeTpoB (DYHKIIMHM PaCIpe/IesICHUs] BHIOOPOYHON CIIydyaiiHOW BeEH-
YUHBI TAKXKE SABJIAIOTCS CIyYalHBIMU BEIWYMHAMH, CXOIALIMMHUCS I10
BeposATHOCTH (pu N® ¥ ) K CBOMM NPE/IEIbHBIM 3HAUYCHUSIM — TIapa-
METpaM paclipeliesICHUs T'eHepaIbHOU COBOKYITHOCTH. Hanpumep, s
MHOTMX (PU3UYECKUX BEJIMYMH, 00JaJar0OlIUX HEMPEPHIBHBIX 3aKOHOB
pacnpenenaeHuss U3MEPEHHBIX 3HAYECHUM, YUCIIOBBIMU IapaMeTpaMu
ABJIAIOTCS MaTEMAaTUYECKOE 0XKUIaHUE

X =m(x) = p(x)clx,

KOTOPOE COIOCTABIISIFOT C UCTUHHBIM 3HAYCHUEM HU3MEPSAEMOM BEJHU-
YUHbI, U JUCTIEPCUS

s = dx- m(x)]* p(x)dx),

KOTOpas XapakTepu3yeT pa3Opoc 3HAUYCHHI OTACIbHBIX W3MEPEHHI B
paMKax TreHepalibHON COBOKYMHOCTHU. 3/1ech W — 001aCTh BO3MOKHBIX
3HA4YCHUI BEIWYMHBI X.

B psge cmydaeB JydniiMHu OIEHKaMH UCTUHHOTO 3HAa4YeHUs Oy-
YT SABJSITbCA HE MATEMATUYECKOE OKHUIAHUE, A IPYTUE XapaKkmepu-
CMUKU NOJI0)CeHUus 3aKOHA pactpeneicHus (IeHTpa KpUBOH (QyHK-
IIUU IUIOTHOCTH PacIpe/IeiCHUS BEPOSITHOCTH) PE3yIbTaTOB HM3MEpe-
HUH, HAIPUMED, MEIMaHa, MOJIa, CPEIMHHBIA pa3Max, LIEHTP pa3Maxa
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u npyrue. Co MHOTHMH U3 HUX MBI YK€ CTAJIKUBAJIUCh IIPH U3yYCHHUU
pOLEIyp OLIEHUBAHUS PE3YIbTATOB U3MEPEHUM C MO3UIMKN JeTepMHU-
HUPOBAHHOTO MOAXO0/A.

[TockonbKy BCe MepedrciIeHHbIE BUBI OIIEHOK MO BBHIOOPKE KO-
HEYHOTO 00BeMa SBJISIIOTCS CIyYalHBIMHU BEJIMYMHAMU, BHIOOP MX He-
onHo3HaueH. OHAKO CYIIECTBYET PsiJ TpeOOBaHUM, KOTOPHIM JOJIK-
HBI YOBJIETBOPSATH JIYUIIIHE U3 BO3MOXKHBIX OIEHOK:

1) OHHM JOJDKHBI OBITH COCHOAMENbHLIMU OUEHKAMU, TO €CTh
CXOIUTHCS TIO BEPOSTHOCTH K OIICHMBAEMOMY 3HAUYCHHIO Tpu N® ¥ ;

2) OHM JIOJDKHBI OBITh HeCMEU|eHHbIMU OUECHKAMU, TO €CTh UX
MaTEMaTUYECKOE OKUJaHUE JOJKHO OBITh PAaBHO OIIEHUBAEMOMY 3Ha-
YCHHUIO,

3) OHM JIOJDKHBI OBITh 2¢hgheKkmusnbvimu oueHKamu, TO €CTh UX BbI-
OOpOYHOE pacnpeieieHue JOHKHO UMETh HAMMEHBIIIYIO TUCTIEPCHIO.

TpebGoBaHNE «COCTOSATEIBLHOCTHY IMPEIBIBISIOT K CTaTHCTHYC-
CKHUM OLIEHKaM MpPH PaCCMOTPEHUU BBIOOPOK OoJiblIoro oobema. Tpe-
OOBaHHME «HECMEHIEHHOCTHU» MPUBOJUT K HEOOXOAMMOCTU BBITIOJIHE-
HUSl CIICAYIONIETO YCJOBHUS: MaTEMaTHYECKOE OXHIAHHE OIICHKU
JIOJKHO TIPU JIFOOOM YHCJIe M3MEpPEHUN COBMAaJaTh C UCTUHHBIM 3HA-
YeHUEM BeJMW4YWHbI. Eciii BrIOpaHHas HeCMEIIeHHas! OIleHKa MO CpaB-
HEHUIO C IPYTMMU BO3MOXKHBIMHU OIIEHKAMH UMEET MEHBIIYIO JUCTIEP-
CHI0, TO TaKas OlleHKa o0JagaeT 0ombiiel 3PpGheKTUBHOCTHIO.

CBolicTBa TaKUX OLEHOK WJUIIOCTPUPYET MOCIEAOBATEIIbHOCTh
rpadukoB, npeacraBieHHas Ha pucyHke 2.1. Ha kaxnom rpaduke
ITOrO0 PHUCYHKa pPE3yJbTaThl MOBTOPHBIX H3MEPEHHH BEIMYUHBI X
n300pakeHbl B BUJIC OTJCIBHBIX KBaIPATOB U HAHECEHBI HA YHCIIOBYIO
OChb TI0O Mepe MX MOSBIEHUS B Tpolecce m3Mmepenus. KommuecTtBo
KBaJIpAaTOB OTPAXKAET YUCIIO OCYIIECTBICHHBIX U3MEPEHUN K HEKOTO-
poMy (UKCHPOBAHHOMY MOMEHTY BPEMEHM, a MECTO PACIOJIOKEHUS
Ka)KJIOTO KBaJpara Ha OCH ONpPECNIeTCs 3HAUCHUEM ITOTO PE3yJIbTa-
Ta. B neBoi yacTu rpaduKoB rpynmupyrOTCsS PE3yabTaThl C MEHBIIH-
MU 3HAYCHUSIMH, B MpaBol — ¢ OonbmmMu. [Ipu Mamom koinuecTBe
n3Mepennii (rpaduku 1 — 3) crarucTrdeckas 3aKOHOMEPHOCTH €IIe He
BbIsIBIIIETCS. OJTHAKO MO MEpe YBEJIMYCHMs] KOJUYECTBA U3MEPEHUI
COBOKYITHOCTh KBaJpaToOB HaunHaeT GopmupoBath Gurypy (rpaduxu
4, 5), xoTOpas XapaKTePU3YET CBOUCMEA ZPYRRUPOGKU CIydalHBIX
BEJIMYUH — OTACIBHBIX OTCUYETOB BEIMYMHBI X: BO3MOXKHBIA pazOpoc
pE3yNbTaTOB M3MEPEHUM, aCUMMETPHUIO, OTHOCUTEIBHYIO JOJII0 COB-
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najaloMx OT4eTOB M Jp. B mpenene npu N® ¥ panHas ¢urypa
(rucTorpaMma) MoO3BOJISCT BBISSBUTH 3aKOH PACIpEICICHUS T'CHEPallb-
HOM cOBOKYIHOCTH (rpadux 6).

o, o o o0 Hmmo

I 2 3

Kpunaﬂ 1O THOCTH
pacupcuclicmnsa
BepoATIIOCTeH

nH - [T I,

rHCTOI’paMMﬁ

S
>

v

4 5 §
Puc. 2.1. [IposiBIeHNE CTATUCTHICCKUX 3aKOHOMEPHOCTEH 110 Mepe
yBeIMYeHHs yrcia u3Mepenuii: 1 —n=1,2-n=2,3-n=5,
4-n=14,5-n=42,6—-nN® o

B xone npoBelieHUs] Te0Ie3NYECKUX PadOT PEAKO yJIaeTcsi OCy-
IECTBUTh MHOTOKPATHBIE M3MEPEHUSI OJHOM M TOW K€ BEIMYUHBI
00JIbIIIOr0 00beMa. ITO HE MO3BOISIET UCCIEA0BATh ACUMIITOTUYECKOE
(mpu N ® o) MOBEACHKUE TOJTyIaeMbIX OIeHOK. [IoATOMY B OOJIBIITHH-
CTBE MPAKTUYECKU BAYKHBIX CIIYHYAEB UCXOAT U3 CICAYIOLIUX MPEIO-
JI0KEHUW O CBOMCTBAX MOTPELUIHOCTEN T€OAEC3NUECKUX U3MEPECHUN !

- B JUIMHHOM PsIy W3MEPEHUN TMOJOXKUTEIbHBIE U OTPULIATENb-
HBIC CIy4YalHbIC MOTPEIIHOCTH OJWHAKOBO BO3MOXHBI, TO €CTh OJU-
HAKOBO YaCTO BCTPEYAOTCH (CBOMCTBO CHMMETPUIHOCTH);

- Majble 1Mo aOCOJIIOTHOW BEIMYMHE CIyYaillHbIE MOTPEUIHOCTU
IPOSIBJIIIOTCS YaIie, 4eM Ooubinne (CBOHCTBO YHUMOIAIBHOCTH);

- cpelHee apuPpMETHUECKOE CIyYallHbIX MOTPEIIHOCTEN paBHO-
TOYHBIX U3MEPEHUHN OJTHOM U TOM K€ BEJIMYMHBI IPU HEOTPAHUYEHHOM
BO3pACTaHUH YKCJIa UBMEPEHUN CTPEMUTCA K HYJIIO, TO €CTh

&

ae
lim!=— =0,
n®¥ N

rie € =X - X — IMOTPenTHOCTh 1-0Tr0 pe3yibTaTa U3MEpPEHUH, ero oT-

KJIOHCHHE OT MCTUHHOI'O 3HA4YCHUsA X. B IIMHHOM psAay M3MepeHHi
PaBHOBEJIMKHE IIOJIOXKHUTCIIbHBIC W OTPHUIIATEIbHBIC IOIPEITHOCTH
BCTPEYAIOTCS OJIMHAKOBO YacTO (CBOMCTBO KOMIICHCAIINH);
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- JUIsi (PMKCUPOBAHHBIX YCJIOBUH HM3MEPEHUI cllydallHbIE MO-
I'PEUIHOCTU HE MPEBBIMIAIOT MO aOCOIIOTHON BEIMYMHE HU3BECTHOTO
npeena (CBOMCTBO OTPaHUYCHHOCTH).

[lepBble Tpu cBOMCTBa 00YCIIaBIMBAIOT 1€71€CO00Pa3HOCTh HC-
MOJIb30BaHUS JJIsl OMHMCAHMS CTATUCTUYECKUX CBOMCTB PE3yJIbTaTOB
I'€0JIC3MYCCKUX U3MEPEHUI MOJICIN HOPMaJIbHOro (raycCOBCKOI0) 3a-
KOHA pacTpeIeICHUS UX reHepaanOﬁ COBOKYITHOCTH

e (x-x)° X)*U
p(x) = \/_ expe Tos? H
31ech X — TeKyllee 3HaUCHHUE pe3ysibTaTta u3MepeHus; X = m( X)

— cpenHee 3HaYeHUe (MaTeMaTHYecKoe OKHaHWE 3aKOHA pacrpee-
JICHUSI T€HEepaJbHOM COBOKYITHOCTH), COIOCTaBIIEMOE C HCTHHHBIM

3HAUEHMEM H3MEPSAEMOi BEJIMUYMHBI, S ° — JMCIEpCHs PEe3yJIbTaTOB
U3MEpeHHsI, 00pa3yIoNIMX TeHEPAITbHYIO COBOKYITHOCTh (S — cpenHe-
KBa/IPaTHICCKOE OTKIIOHEHUE PE3yJIbTaTOB U3MEPEHU).

YerBepToe CBOKMCTBO (CBOWCTBO OTPAaHMYCHHOCTH), SIBJISIOIICECS
CJIEJICTBUEM TOTO, YTO JIt00ast OlleHKa, TTOCTPOCHHAS TI0 pe3yJbTaTaM
peaIbHbIX MHOTOKPATHBIX H3MEPEHHUH, MOJDKHA OBITh CPEIHHUM 10
Komm (cM. mepByro YacTh y4eOHOrO MOCOOMS), Ha TEPBBIA B3IJISL,
OTBEPraeT MOJIEb CTATUCTUYSCKUX CBOMCTB PE3yJIbTATOB U3MEPCHHI
B BUJIC HOPMAJIBHOTO 3aKOHA PacIpeAesieHUs. DTOT BBIBOJI CBSA3AH C
TE€M, YTO 00JacCTh 3HAYEHUW CIy4allHOW BEJIMYUHBI PACHpEIeICHHOM
110 HOPMAJIBHOMY 3aKOHY, HEOTpaHWYCHA M MPOCTUPACTCS OT - ¥ 10
+¥ | B TO BpeMs Kak 3HAYCHUS PE3yJIbTaTOB U3MEPEHUN BCErga orpa-
HU4YeHbl. OTHAKO 3TO 0OCTOSATEIHLCTBO HE UTPAET KapAUHAILHON POJIH
B IIPAKTHYECKOM HCIIOJIb30BAHUH 3TOM MOJCIH, TaK KaK BEPOSITHOCTh
TOSIBJICHUS OYeHb OONBIIMX (KaK ITOJOKUTEIBHBIX, TaK M OTPHIIA-
TENBHBIX) 3HAYCHHUM Hcue3aronie Maina. KpoMme Toro, yeTBeproe cie-
CTBHE SIBJISICTCS TapaHTHEH TOrO, YTO OIICHKA IapaMeTpa pacCesHUs
TreHEPAIbHOM COBOKYITHOCTH PE3YJIbTATOB W3MEPEHUMN SBIISIETCS 2d-
panmupoearnoi (HECKOJBKO 3aBBIINICHHOW II0 CPAaBHEHHIO C JCHCT-
BUTEIbHBIM 3HAYCHHEM). DTO CBS3aHO C TEM, YTO TECOPETHUYECKAS MO-
JIeb CTAaTUCTUYECKOTO TOBECHUS CIyYailHbIX BEJIMYUH, OCHOBaHHAs
Ha MOJIEJI HOPMAJIbHOTO 3aKOHA, TIPEINoiaraeT HaInunue peakux, HO
0eckoHeuHO 0oabpmuX (110 aOCOMIOTHOM BeIWYHHE) 3HAUCHHIH OTKIIO-
HEHUW OT Hanbojee BEpOATHOro. B peambHOCTH TakWe OTKJIOHCHWUS
Hee03M0dcHbl, 00Jiee TOr0 BCE BBIOPOCHI PE3yJbTATOB H3MEPECHUIA,

27



BBIXOJAIIME 3a IPEIESIbl HEKOTOPOTO Jvana3oHa 3HAYEHUW BCeraa
VICKJIIOYArOTCs U3 MAaCCUBOB JIaHHBIX U3MEPEHU.

Cienyer OTMETUTD, UYTO B PSJE CIIyYaeB CTATUCTUYECKUE CBOM-
CTBAa PE3yJbTATOB I'E€OAE3NYECKUX U3MEPEHUNU MOTYT ONHMCHIBATHCS U
IPYTMMH 3aKOHAMHU pacIpelesieHus, Halpumep, 3akoHoM Jlamnaca,
3akoHOM Ko, ramma-pacupeeneHus MU pa3jIniHbIX TUIOB U JPY-
rumu. OTHAKO yauie BCeEX NPUMEHUM UMEHHO HOPMAaJIbHBIN 3aKOH.

§ 2.2 Oco0eHHOCTH HOPMAJILHOI'0 3aKOHA pacnpenaeaeHnst
pe3yJbTATOB U3MeEpPeHH

HopMmanbHblil 3aK0H pacupeacieHus HaOMgaeTcs B TeX clyda-
X, KOTJla pacX0XJAEHUS pe3yIbTaTOB 00YCIOBICHBI OOIBIINM YHUCIOM
HE3aBUCHUMBIX IIPUYUH U HU OJIHA U3 HUX HE JIOMUHUPYET HAJl OCTaJIb-
HeIiMU. Ha pucynke 2.2 nokaszaHbl KpUBbl€ HOPMAJIBHOTO 3aKOHA pac-
npeaeeHust s HEKOTOpor u3mepsiemoil BennuuHbl X. [To ocu abc-
LIIUCC OTJIOKEHBI 3HAYEHUSI BEJIMYUHBI X, & 110 OCU OPAUHAT — HAOM-
Hocmb eéepoamnocmu ux nossiacHus P(X). [Tapamerpamu HOpMaib-

HOTO 3aKOHA PACIIPENENICHUS ABJIAIOTCA. MAMeMaAmuueckoe 0icuoa-
nue M(X), BOKPYr KOTOPOro IPYNIHMPYIOTCS PE3YJIbTAThl OTIEIBHBIX

U3MEpPEHUN, U oduchepcus S 2 KOTOpasi SIBJISIETCA MEPOU paccesHus
pe3ynbTaToB oTHOcHTenbHO M(X). Maremartuueckoe OXKHAAHHE H
JUCIIEPCUs CIIYYalHOW BEJIIMYUHBI X, PACIEPEACICHHON 110 HOpMaJlb-
HOMY 3aKOHY ONPEJICIISIIOTCS BRIPAKECHUSIMMU:

y _(x-m(x))? y?

2 1
¥xe OX = yeysmix)) ¥(sy+a)e dy =

:@ 'S ye 2dy+m(X)J—+oe 2dy 0+MX)FF m(x).

(X a) 1 +¥ y2

D(0=_ 5 16 MOOTE =" Oy = (59 =

_ 5" s yze_yzdy:
J2p - J_><2/2f

2
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px)

s )
il

AN
= TR

4 2 4 X
Puc. 2.2. I'padyiky IIOTHOCTU BEPOSATHOCTH HOPMAIIBHOTO
pacrpeaeneHus

1-m(x)=0,s°=5;2-m(x)=0,s°=1;3-m(x) =0,s * =0,2;
4-m(x)=2,s*=0,2

Takum obOpa3om kpuBbie 1 — 3 Ha pucyHke 2.2 COOTBETCTBYIOT
ciydato, korma M(x)=0, a kpuBas 4 — ciydyaro, korma m(x)?* O.
CnenoBarenbHo, KpuBble 1 — 3 OTpaXkaroT BHJI HOPMAJILHOTO pacrmpe-
JICJICHHsI TIOTPEUTHOCTH W3MEpPEHHsI BEIUYUMHBI X. B sTom ciydae
dbopmMya pacrpeneneHus UMeeT BUT

p(e) = e><|o(;e e d
ps € 2%t

rae € =X- m(X) — HOrpelrHOCTh U3MEPEHUM, €ro OTKIOHCHUE OT HC-
TUHHOT'O 3HAYEHUS X, COBMAJAIONIETO C MATEMATHUYECKUM OKUIAHUEM
(cpenaum 3HaueHueM) m(X) IS TeHEPaIbHON COBOKYIMHOCTH. Pa3u-
4yusl BUJa KpUBBIX 1 — 3 onpenenstoTcsl 3HAUeHUSIMU JTUCTIEPCUid pac-
NPEAEICHNN, I KOTOPBIX CIPABEIJIMBO COOTHOIIIEHUE

S;{>S;>S;

HuXHHM HHIEKC COOTBETCTBYET HOMEPY KPUBOM.,

PaccMmotpum npyrue cBOMCTBa KPUBOM HOPMAJIBHOTO pacipesie-
nenusi. Cyns mo pucyHky 2.2, sTa KpuBasi 00J1alaeT MaKCUMYMOM.
OKcTpeMyM (YHKIIMH MOKHO HCCIIE0BAaTh C MOMOIIBIO MEPBOM Mpo-
W3BOJHOM

1 [x- m(x)]? U
pr):_gzgigrexp%-[ ng ) -
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[TonoxkeHne  3KCTpEeMyMa  ONpPEICNIACTCS W3  ypaBHCHHS
pP(x) =0. Pemenuem 3Toro ypaBHeHHUs SBISETCS X =m(X), TO €CTh
KCTPEMYM COOTBETCTBYET IOJIOKECHUIO MAaTEMATHUECKOT'O OXKHIaHUS
HOpMasIbHOTO pactpeneicaus. [lpu atom P(X) >0 mpu X <m(X) u
P(X) <0 mpu X >m(X). To ectb B Touke X =m(X) IJIOTHOCTb HOP-
MaJIbHOTO pachpejiesieHusi JocTuraet Makcumyma. CleqoBaTeNbHoO,
Touka X =m(X) ompeaenseT MoJoKEeHHE Moobl (HanOoiee BEpOsSTHO-
ro 3HAYCHHS) HOPMAIBHOTO pacrpeneneHus. [Ipu 3ToM BelnMuuHA

MaKCUMyMa paBHa
1
max{ p(x)} = —=.
S~2Zp

Yem OoJbllie AWCIEPCHS HOPMAIBHOTO PACIpPEICICHUs, TeM
MCHBIIIE TUIOTHOCTh BEPOATHOCTH B Makcumyme pyukuuu P(X). Kpu-
Basi IUIOTHOCTH paclpe/iejeHUs BEPOSITHOCTH HOPMAJbHOTO pacrpe-
AeNieHusT 00JIalaeT SAMHCTBEHHBIM MAKCUMYMOM, IO3TOMY JaHHOE
pacrpeeeHue OTHOCAT K KITaCCy 0OHOMOOATbHBIX.

Ecnu npounTerpupoBath GyHKIHIO P(X) HOpMaIbHOIO pacipe-
JCTICHHSI HA MHTEpBaJIaX OT - ¥ 10 m(X) ¥ oT m(X) 10 ¥ HOJy4uMm
m(x) N +¥ 3 12 -

I [x- m(X)]°U 1 I [x- m(x)"“U 1
exp. 70X = —— B expj- —————ydx ==,
sV2p 2s g \/meg) 0 2s ? g 2

TaKI/IM 06pa30M, KpHBasi HOPMAJILHOTO PaCHpe/ICIICHUs] CUMMET-

pUYHA OTHOCHUTENIBHO MPSMOW TPOXOAsIield depe3 TOouky X =m(X).

[nommamu ¢uryp, orpaHUYCHHBIX JICBOW BETBBIO KpUBOH P(X), OCBIO
OpAWHAT U MPAMOM poxoasIeii yepe3 ToUKy X = m( X) HepIeHIuKy-
JISIPHO OCH X, @ TaK)Ke IIPaBOM BETBHIO KpUBOi P(X), OChIO OPJAMHAT U
NpSIMON MPOXOJSIIEH depe3 TOUKy X =m(X) MepHeHIUKYISIPHO OCH
X, paBHBI MKy coOoii. CienoBaTeIbHO, PaBHBI BEPOSATHOCTHA COOBI-
THUH, 3aKJIFOYAIONIUXCSI B TOM, YTO X MPUMET 3HAUYCHUE MCHBINCE HITU
oonpmiee m(X). Takum oOpaszom, Touka X =m(X) ompeneiser He
TOJIFKO TIOJIOKEHUE MaTEMaTHYECKOTO OXKHUIAHUS W MOJBI HOpPMAllb-
HOTO pacIpeieIICHHS, HO U €r0 MeOUaHbl. ITH Ke COOOpaKEHUS IO~
TBEPXKIAIOT CUMMETPUYHOCTh KPUBOM HOPMAIIBHOTO paclpeaeiieHus
OTHOCHTEIFHO KOOPAWHATHOW JIMHUHM, TPOXOMISIIEH dYepe3 TOUKY
X=m(X). B xauecTBe Mepbl CUMMETPHH KPHUBOH CTATUCTHUYECKOIO
pacmpesieieHus B TEOPUH BEPOSTHOCTEH HCIONB3YIOT KOd(DPHUIIMEeHT
aCHMMETPHUH

30



dx- m(x)J* p(x)dx
Kas = ¥_¥ e

dx- m)f p(x)dx%

— — —

-¥

MOo’XHO TIOKa3aTh, YTO JIJII HOPMAJLHOTO pacmpeencHus (Kak
JUIS TI000TO CUMMETPUYHOI0 pacnpeeicHus) KodpduuueHT K,=0

WuTerpupoBanue ¢yHkImu P(X) B mpenenax ot - ¥ 10 ¥, 1o
€CTh T10 BCEM 00JacTu 3HAYECHUM MEPEMEHHOM X, JJaeT 3HAUCHUE, PaB-
HOe efMHUIE s MoObiX m(X) u S . DTa BeIMYMHA COOTBETCTBYET
BEPOSITHOCTH TTOSBJICHUS PE3yJIbTaTa H3MEPECHHM C JIIOOBIM 3HAYCHUEM
U3 00JIaCTH BO3MOJKHBIX, TO €CTh SIBJISICTCS BEPOSITHOCTBIO JIOCTOBEP-
HOro coObIThs. CaeaeT OTMETHUTh, YTO JAHHOE YCIOBUE BBIMOIHACTCS
JUTS TI0OOTO 3aKOHA paclpe/IeICHUsT BETUIHHBI X.

PaccMoTpuM MOJIOKEHUE TOYeK meperuOa kpuBou P(X) HOp-
MaJbHOTO pactpeaeneHus. KoopauHaTel KOodeK nepernda onpesess-
IOT IIYTEM MCCIIEAOBAHUS BTOPOM MTPOU3BOIHOMN

1 1 [x- m(X)]P01, [x- mx)]?U
PR X) = ————expj - >y X 1- > y -
s:/2p 3 2s % i

0 S
M3 3TOro COOTHOIICHUS CJIEAYET, YTO B ToUKax X =m(X)+S u
X=m(X)- S BemosHAeTcI cooTHomeHue PUx)=0, To ecTh 3TH
TOYKHM SIBJISIIOTCSL OPJMHATAMHU TOYEK mepernda kpuBoi P(X), B KOTO-

pPBIX MEHSIETCS 3HAK KPUBU3HBI 3TOM (DYHKIMU. 3HAYEHUS MIOTHOCTHU
BEPOSTHOCTU B OTUX TOYKAX OJWHAKOBBI U PABHBI

_ 1
p(x)|x:m(x)-s - p(x)|x=m(x)+s - ﬁ
3nech € » 2,/182 — ocHOBaHME HATYPaJILHOTO Jorapudma.

§ 2.3 [IpaBuiio «rTpex curm». O0HapyKeHHe AHOMAJIBLHBIX
pe3yJIbTaTOB H3MepeHui (rpyObIX MOrpenrHoCcTei)

[TpoBeneM mHTErprpoBaHre (YHKIMH IJIOTHOCTH pacrepe/esie-
HUS BEPOSATHOCTEH P(X) HOPMaJIBHOrO 3aKOHA PACIPECICHHS B TIpe-

JefiaX CUMMETPUYHBIX MHTEPBAJIOB OTHOCUTEIBHO TOYKH X =m(X).
O0603HaYUM HUKHUW M BEPXHUM MpEebl MHTErPUPOBAHUS CUMBOJIA-
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mMu M(X)- e u m(x)+e. Ilnomans Gurypsl, 3aKIOYCHHONR MEXITY
KkpuBoi P(X) u ochlo abcuuce, a crpaBa U CleBa MEXKIY IPSIMBIMH,
IPOXOAAIIMMHU Yepe3 Toukrn X =M(X)- € u X =m(X) +e mnepneHau-
KYJSIPHO OCH X, ONPEACISAIOT BEPOSITHOCTh MOJYYCHHS TPH HU3MEpE-
HUSX  pe3yibTaTa, IMONAJAIONIErT0 B HMHTEPBAI  3HAYCHUU
[m(x)- e, m(x)+e]. XapaKTepHOE CBOMCTBO HOPMAJILHOTO pacIpe-
JIeJICHUsI COCTOMT B TOM, YTO B MHTEpBAJeE [m(x) - s, m(x) +S] co-
CpenoTO4YeHO OKOJI0 68,26% 13 Bcex BO3MOXXHBIX PE3yIbTaTOB U3Me-
penuii. B unTepBane [m(X) - 25, m(x) + 28] — okojo 95,44%. B un-
TepBaJe [m(x) - 3, m(x) +3S] — 99,73% wu3 BceX BO3MOXHBIX pe-
3ynbTaToOB M3MepeHuid (pucyHok 2.3). CrnemoBaTeabHO, PAKTHICCKU
BCE pe3yJbTaThl U3MEPECHHI JIe)KaT B MHTepBayie =35 (Mo Tpu S B
KOKIYI0 CTOPOHY OTHOCHTEIBLHO TOJIOKeHHS M(X)). 3a mpeaenaMu
ATOTO MHTEPBaJIa MOTYT HaXoauThCs Julilb 0,27% naHHBIX U3MEPEHUN
OT MX 00IIero yucia (MpUOIH3UTEIBHO TPU M3 THICSYM PE3yJIHTaTOB

U3MEpEHUH).
P=0,9972

P=0,9544
P=0,6826

/TN

A

V.

h 4

_ N
m(x)

m(x)—c m(x)+0o

><V

m(x)—2c m(x)+2c

m(x)—3c m(x)+3c

Puc. 2.3. MnnmtocTpatius nmpaBuia «Tpex CUrM»
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Ortcrona clenyer, 4To €clid Kakoe-Tu0O 3HAYEHUE BEIUYHMHBI
BBIXOJUT 3a mpefenbl 35S OTHOCHTEIBHO CPEIHErO 3HAYCHHS, TO C
OOJIBIION BEPOSITHOCTHIO €0 MOYKHO CYUTATh OITHOOYHBIM.

Ilpaeuno mpex cuem Moxet ObITb CHOPMYIUPOBAHO CIIEIYIO-
UM 00pa3oM: eCjIM MNP MHOTOKpaTHhIX m3Mmepenusx (N> 25...30)
OJHOU Y TOM K€ BEJIMYUHBI TOCTOSTHHOTO pa3Mepa COMHUTEIIbHBIN pe-
3yJIbTaT Xg OTAEIBHOI'O M3MEpPEHMs OTIMYACTCS OT CPEJHEro 3Haue-

HU 0ojiee yeM Ha 35 , TO ¢ BeposATHOCTHIO 99,7% oH ommboYeH, ero
OTOpachIBAIOT U HE YUYUTHIBAIOT MPHU AaJIbHEHIIEH 00paboTKe pe3yib-
TaTOB U3MEPEHUM.

Boree TouHBI MeTOJ OOHAPYKCHHMSI COMHHUTCIIBHBIX (aHOMAJIb-
HBIX) PE3YJIBTATOB YYWUTHIBAET MPUOIMIKEHHOCTh OIEHOK CPEIHETO
apu(PMETHIECKOTO U CPETHEKBAIPATUIECKOTO OTKIOHEHHUS TI0 BBIOOP-
Ke KOHEYHOro o0beMa. MeTo 1 OCHOBaH Ha BEIYMCIICHUN BEJTMYNHBI

t = ‘XS ~ X‘ ,

~

S
§ _ 19
rae X, — KOHTPOJIUpPYyeMbId pe3ynbTar; X =—d X; — cpeanee apud-

n
METHYECKOE pe3yJbTaTOB N u3MEpeHuil; S = \/nié (x, - X)* -
“Li=1
CPEIHEKBAJPATUUYECKOE OTKJIOHEHUE Pe3yJbTaTOB HM3MEPEHUN OTHO-
CHUTEJIBHO X .
ITociie 4yero BBIOMPAIOT YyPOBEHb 3HAUUMOCHIU — JIOTTYCTUMYIO
IJI JaHHOM 3aJa4yu BEPOSATHOCTh & OMIMOKHW OTKJIOHHUTH MPEAIOo-
JKEHHME O TOM, 4YTO pe3yJbTaT M3MEPEHHUH SBIISIETCS aHOMAJIbHBIM.
dakTUYeCKH YPOBEHb 3HAYMMOCTH — 3TO TaKoe (I0CTaTOYHO Majoe)
3HAYEHUE BEPOSITHOCTH COOBITHS, IIPU KOTOPOM COOBITHE YK€ MOKHO
cuuTaTh HechoydaiHbIM. Jlanee B Tabmume 2.1, comepxkarieil 3Ha9eHUs
A -TIPOIEHTHBIX TOYEK PACIPEACIICHUS MaKCUMaJIbHBIX IO MOIYJIIO
OTKJIOHEHUM Pe3yJIbTaTOB MHOTOKPATHBIX U3MEPEHUM OT UX CPEIHErO

3HA4YeHMs, HaWTH 3HadeHue l_,, COOTBETCTByIoIIee BHIOpaHHOMY

YPOBHIO 3HAYMMOCTH WM 4ucily N nOpoBeIeHHbIX uU3MepeHuul. Ecin

t >t,,, To 3HaueHne X, MOXKHO OTOPOCUTH. BEpOATHOCTD MOSBICHUS

NPABMWIIBHOTO pe3yJibTaTa M3MEpeHwus, 1 koroporo t >t , Manma u

an?
paBHA IPUHATOMY YPOBHIO 3HAUMMOCTH. [Ipu ymeHbIIeHHH & pacrer

t ., mycmosue t >1_ BwImonmHseTCS TpyAHEE.
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Tabmuuma 2.1. — @ -nIpoUEHTHBbIE TOYKU paclpeieeHus —
MaKCUMAaJbHBIX IO MOAYJIFO OTKJIOHEHUHN PE3YJIbTaTOB MHOTOKPATHBIX
U3MEPEHUH OT UX CPEHEr0 3HAUEHUS

Yucmno
M3MepeHHuil VYpoBeHb 3HaunMoctu a , %

" 0,1 05 1,0 5,0 10

3 1,414 1,41 1,41 1,41 1,41
4 1,732 1,730 1,728 1,710 1,689
5 1,994 1,982 1,972 1,917 1,869
6 2,212 2,183 2,161 2,067 1,996
7 2,395 2,344 2,310 2,182 2,093
8 2,547 2,476 2,431 2,273 2,172
9 2,677 2,586 2,532 2,349 2,238
10 2,788 2,680 2,616 2,414 2,294
15 3,171 2,997 2,905 2,638 2,494
20 3,400 3,187 3,079 2,779 2,623
25 3,556 3,318 3,200 2,880 2,718
30 3,672 3,416 3,291 2,958 2,792
35 3,762 3,494 3,364 3,022 2,853
40 3,835 3,557 3,424 3,075 2,904
45 3,896 3,610 3,474 3,120 2,948
50 3,948 3,656 3,518 3,160 2,987

[Ipumep. M3Mepsioch pPacCTOSHHME MEXKAY JIBYMsS TOYKAMH.
[Ipoeneno 10 uzmepenwnii. [lomydeHsl pe3ynbTaThl CO CIEAYIOMIMMU
uypcnoBeiMu  3HaueHmsamu: X, =1007; %, =10,08; x,=10]10;
X,=1012; x,=1013; x,=1015; x,=1016; x;=1017;
X, =10,20; X, =10,40. Bce pe3ynbraThl HMEOT Pa3MEPHOCTH [M]

Nsmepenue ¢ pesyasratoM X, =10,40 pes3ko oramyaercst OT ocTaib-
HbIX. HeoOX0auMo MpOBEPUTh, HENB3S I OTOPOCHTH 3TO 3HAYCHHE.
Bocnonb3yeMcst IpUBEAEHHBIM BbIlle KpuTepueM L., X0Ts, cTporo

roBOpPs, JAHHBIX JJI1 TOr0, YTOOBI CUHUTATh PE3YJbTaThbl U3MEPECHUS
YIAOBJICTBOPSAIOIIUMU HOPMAJIBHOMY PACHPENCICHUIO, HEJOCTATOUYHO.
PacdeTsl faroT crnenyroonye 3Ha4eHus napameTpos X, S , U :

x =1016;
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$ =0094;
. _1040- 1016 _
0.094

[Ipunumaem ypoBenb 3HaunmocTd & =1%. Ilo Tabnune 2.1 na-
XOJIUM 3HayeHue t,_ ., COOTBETCTBYIOILIEE BHIOPAHHOMY YPOBHIO 3Ha-

YUMOCTH W KOJMYECTBY TPOBEACHHBIX W3MEPCHHU. JTO 3HAUCHUEC
paBuo t . =2,616. Takum obpazom, t <t . 3Hauenue X, orOpachl-

205.

an?

BaTh HEIEIeCO00pa3Ho.

[IpaBHIIO TpEeX CHUTM IO3BOJIIET TAKKE YTOUYHUTH IPAHUIIBI TIPH-
MEHHUMOCTH CTaTUCTHYECKON MOJIENIH, ONMUPAIOIICHCs Ha MCTO0JIb30Ba-
HUE HOPMAJIbHOTO 3aKOHA PacCIpe/IeIICHHs BEPOSITHOCTEH, mpu obpa-
0O0TKE PE3yJbTATOB Ie0JIe3NYECKuX n3MepeHui. @opmaiabHo Oe30ro-
BOPOYHOM MPUMEHUMOCTH STON MOJEIN MPOTHUBOPEUYHUT TO, UYTO pe-
3yJIbTaThl U3MEPCHHUS JJIMHBI HE MOTYT IPHOOPETaTh OTPUIATEIbHBIC
3HAUCHMS, & Pe3yJIbTaThl U3MEPEHHUSI YTIIOB, XOTh U MOTYT OBITH OTPH-
IaTEeIbLHBIMHU, 00Jaal0T PETYISAPHON HHUKIMYHOCTBIO C IEPHOJIOM,
paBHbIM 360°. B 3THX yCIIOBUSIX MPUMEHUMOCTb MOJIENIA, OCHOBAHHOMU
HAa HOPMAJIbHOM 3aKOHE pacHpeesiCHUs], ONPEAeIIIeTCSl CIEeIYIOINUM
HEPaBEHCTBOM:

m(x) >3s .

§ 2.4 OnTuMaJbHbIe OIIEHKH H3MePsieMbIX BeJIMYMH
10 Pe3yJibTATAM MHOTOKPATHBIX U3MEPEHHUM.
MeToa MAKCHUMAJIBLHOTO NIPABIONIOA00H S

Ecnu umMeromuecs: 1aHHble U3MEPEHUN HE MPOTUBOPEYAT THUIIO-
T€3€ 0 HOPMAJIBLHOM pPAaCHpEACTCHUN, TO IS TOJTHOW XapaKTEPUCTUKH
pacupelieNieHUs] T€HEPAIbHOW COBOKYIHOCTHM HYKHO HAWTH OLIEHKHU
st M(X)=a — MaTeMaTH4EeCKOro OKUIAHUSI T€HEPaJIbHOW COBOKYII-
HOCTH U S — CPEAHEKBAAPaTUUYECKOrO OTKJIOHCHUSI T'€HEpPaIbHOM CO-
BOKYITHOCTH.

Korna uzBectHa QyHKIUS TIJIOTHOCTH BEPOATHOCTEHN CITydaiHOM
BEJIMUMHBI, TO OLICHMBAHHUE €€ MapaMETPOB MOKHO OCYIIIECTBUThH ME-
TOJIOM MAKCUMANBLHO20 NPABOONOO0OUA.

DJIeMEHTapHasi BEPOSITHOCTh TOJYYUTh HEKOTOPBIM PE3YJIbTAT
u3MepeHust X, B uHTepBase X =*Dx /2 paBma p(X,a,s)Dx, roe
p.(X,a,S) — yclIoBHas IUIOTHOCTh pacnpeiesiCHUs] BEPOSITHOCTH 1-0T0
pe3yJibTaTa U3MEPECHUN.
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Bce pesynbTaThl M3MmepeHuid OyjeM mpennosaraTb HE3aBUCH-
MbIMH. [103TOMY BEPOSITHOCTH BCTPETUTH BCE IKCHEPUMEHTAIBHO I10-
Jy4YEHHBIE JaHHbIE u3MepeHuit npu DX, =... = DX, paBnHa

P= é p.(x,a,s )Dx...Dx,

Wnest MeToga COCTOUT B TOM, YTO 3a OILICHKH MapaMeTPOB pac-
npenenacHus (B HAIIEM ClTydae 3TO MapaMeTpsl @ U S ) OepyT Takue
3HAYEHMs, KOTOPBIE Tal0T MakCUMyM BeposTHocTH P. 3amada pema-

€TCAd MyTeM MNPUPABHUBAHMS K HYJIO YaCTHBIX MPOM3BOJHBIX P mo

OIlcHMBaeMbIM MapameTpaM. [[oCTOSITHHbIE COMHOMXUTEIN HE BIUSIOT
Ha pEILICHHE, W TMO03TOMY pPacCMaTPUBAIOT TOJIBKO IPOU3BEICHUE
(GyHKUUN P, KOTOpoe Ha3bIBaeTCs (PyHKLIMEH MPaBIOIO100Ms

L(X,..., X;&,S) :_(31 P (X, X 58,5 ).

Dyukyua npagoonoododus — 3TO COBMECTHOE pacHpeesieHHe
n : 1 ~
BBIOOPKU {Xi}1 KOHEYHOTo o0bema | =1,N u3 mapaMeTpuuecKoro pac-

NPEACIICHUS] TEHEpPaIbHOM COBOKYNHOCTH, pPAacCMaTpUBAEMOE Kak
dbyHKIMSA mapamerpa 3Toro pacnpenenenus. [Ipu 3ToM ucnonabzyercs
coBMecTHasi (QYHKIUS TIOTHOCTH BEPOSTHOCTH (B Cilydae BHIOOPKHU U3
HETIPEPBHIBHOTO paclpeciieHus), BBIYUCICHHAS JUIS JTaHHBIX BBIOO-
POYHBIX 3HAYCHUN.

Ecnu pacnpenenenre BEpOSTHOCTH 3aBUCUT OT Iapamerpa, To
MO>HO paccMaTpUBaTh BEPOSTHOCTH MOSBICHUS 3aJaHHOTO COOBITHUS
(mosiBIIEHHST COOTBETCTBYIOIIETO 3HAYCHUS PE3ybTaTa N3MEPCHHS)
IpU pa3IMUHbIX 3HAYEHUAX NapameTrpa. B aToM ciyuae umeem PpyHk-
1110, 3aBUCSIIYIO0 OT MapaMeTpa npu (PUKCUpPOBAaHHOM coObITHU. Ta-
Kast pyHKUUA U gaBiseTca GyHKIUEH npapaonoqoous. OHa nokasbiBa-
€T, HACKOJIBKO NPaBI0oNoA00€H BBIOPaHHBIN HapaMmeTp MpHU 3aJaHHOM
coObITuu. I[IpaBgononobue no3BoISET OLICHUBATH HEW3BECTHBIC Napa-
METpbl, OCHOBAaHHbIE Ha WM3BECTHBIX pe3yibTaTax. [IpaBaomomodue
MO3BOJISIET CPAaBHUTh HECKOJIbKO BEPOATHOCTHBIX PACHpPENCNICHUI C
pa3HBIMM MMApPAMETPAMHU U OLIEHUTh, B paMKaX KaKOIro M3 HUX HaOJII0-

JaeMble COOBITHS HauOoJIee BEPOSTHHI.
Jnd MMEerLIencss rpynmnsl pe3yjbTaTOB HU3MEPEHUU {)(I}l1 B

MPENOJIOKEHUA O HOPMAIIbHOM 3aKOHE pacHpelesIeHUus OTACIbHOTO
pe3yapTata X, (PyHKUHS MUIOTHOCTU BEPOATHOCTEW OyAET MMETh Clie-

JTYFOLIUN BUJL:
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; (xi- a)z

2
e 26

. .,a,S =
P (x,a,s) o

CrnenoBarenbHo, (QYHKIUS TPABIONOJ00US MOXKET ObITh Mpea-
CTaBJICHA KakK
1 c?
L =(1/+2rs *)" e =
Jlns HaxokAeHusa MakcuMyMa L yaoOHO uccinenoBath InL. U3-
BECTHO, YTO J1000€ MOHOTOHHOE (PYyHKIIMOHAJIBLHOE MpeoOpa3oBaHUE
HE NPUBOJUT K U3MEHEHUIO MOJIOXKEHUS dKCcTpeMyMa pyHkuuu. Jlora-

pudmMuueckoe npeoOpa3oBaHuE SABISAETCS MOHOTOHHBIM. Toraa
INL=-(n/2)In2p - (n/2)Ins 2 - (1/25 )& (x - &)2
MaxcumyMm L nocturaercs, eciau JL/fla=0 IH_lﬂL/ s ?=
fL/Lfa=(Us )& (x - a)=0;

i=1
MI/LYGs®) =-(n/2s?)+(1/2s ) (% - @)’ =0.
i=1
I/IB HepBOFO ypaBHeHI/IH HaxoaIum OHTI/IMaJIBHy}O OHeHKy JJIA a.
ax
F =iz
n

2
a U3 BTOPOTO — UIA S

a (x - a)’

=2 _ =1

(7))

n
HpOBCpI/IM, ABJIAKOTCS JIM ITOJIYYCHHBIC OLICHKH COCTOATCIIbHBIMU

M HEeCMEIICHHBIMU. MaremaThueckoe oxuaanne M(X)=a, Tak Kak
BCE X, OTHOCSITCSI K OJTHOMY U TOMY JK€ Paclpe/IeICHHIO TeHepaIbHOMI
COBOKYITHOCTH. [1oaTOMy

m(@) = “4 m(x) =a.

CnenoBareiibHO, @ SBJISIETCS HECMELIEHHON oueHkol a. Ona
ABJISICTCS M COCTOSITEILHOM OICHKOM, Tak Kak npr N® ¥ a® a mo
3aKOHY OOJIBIINX YUCET.
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2
MoOXHO TOKa3aTh, 4YTO MOJYYEHHAs OICHKA IS S ° SABJIACTCS
COCTOSITEJIBHOW, HO CMEIICHHOM. {1 yCTpaHEeHUs] CMEIIEHUS €€ HAl0

UCIIPAaBUTh KakK
n

é. (Xi B a)2

S~2 — =1 .
n-1

DTa OlLIEHKa TOXKE COCTOATENbHAS, HO, KaK HETPYIHO ITPOBEPUTH,
yXe HecMelleHHas. HekoTopoe OTKIIOHEHHE 0T MakcuMyMa (QYHKITUH
MPaBAONOA00MS, MPUBOJISIICE K CHHKEHUIO 3(D(PEKTUBHOCTH OIICHKH,
CUUTACTCS MEHee CYULeCmE8eHHbIM, YEM CMEIIICHHOCTh OLICHKU C MaK-
cuMasbHOM 3 ()EKTUBHOCTHIO.

Takum 00pa3oM, HAUIYYIIEH OLEHKOH MCTUHHOIO 3HAYCHHS X
U3MEPSIEMON BEJIMYUHBI MO JTAHHBIM MHOTOKPATHBIX MU3MEPEHUHN TpHU
YCJIOBHM HOPMAaJIbHOIO 3aKOHA PACIPECIICHUS ABISECTCS 8b100POUHOE
cpeonee apupmemuueckoe a, a OLICHKOHN mapaMeTpa PacCestHUS pe-
3yJIbTATOB, COCTABJISIIOIINX T€HEPAIbHYIO COBOKYITHOCTh, — 8b100POY-
Has oucnepcus s °.

I{esecooOpa3HO ATOT pPe3yJbTaT, MHOJTYUYEHHBIM HA OCHOBE CTaTH-
CTUYECKOT0 TMOJX0/d, CPABHUTH C PE3YJIbTATOM, BBISIBICHHBIM B paM-
Kax JETEPMUHUPOBAHHOIO IMOJX0Ja C UCIOJIb30BAHUEM METOJA Hau-
MEHBIINUX KBaJApaToB.

IIycth umMeeTcss N pe3yJIbTaTOB M3MEPEHUM BeMMYUHbL X. Ciry-
YalHbBIM XapakTep MOIPEIIHOCTEN NPUBOAUT K TOMY, YTO B KaXIOM

OTACIIBbHOM I/IBMepeHI/IH N3 MHOXCCTBA {XI}: HOFpeH_IHOCTb NUMCECT CBOC
COOCTBEHHOE 3HaueHue € 1! €, ONPEJENAIIee COOTBETCTBYIOLINE
HeBsi3ku N, =-€, rne i =1 2,..,n; J=1 2,..,n; it |. Toroa cBs3b

MEXKIy pe3yJbTaTaMU OTIACIbHBIX U3MEPCHUN M MCKOMOM OLIEHKOH X
ONUCHIBAETCS ()yHOAMEHMATbHOU CUCTEMON YCIIOBHBIX YPAaBHEHUMN:

1% - X=n,
| S

i %o X =N,
[T
I ~—

i % - X=n,
[
" -

TX - X=n
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B cootBeTcTBUH C MCTOAOM HAMMCHBIINX KBaApPaTOB OIITH-
MaJIbHass OLOCHKA COOTBCTCTBYCT YCIIOBHIO JOCTHKCHUA MHHHUMYMa
CYMMOM KBaJpPaTOB HEBSA30K CUCTEMBI yCJIOBHBIX YPaBHEHUM

X = argmlnan —argmlna(x X)?,
XT Wy i=1 X0 Wy i=1

rae W, —o01acTh BO3MOKHBIX 3HAYE€HUM BEJIMYHUHBI X .

n
[o] ~

[onoxenne mMuHumyma QyHkuuu @ (X - X)° He M3MeHHTCH,
i=1

eclu Ty (YHKIUIO YMHOXKHTH HA IOCTOSHHYIO BenuuuHy (Nn- 1)*
Torma ycnoBue NOCTHKEHUSI MUHAUMyMa CYMMOM KBaJApaTOB HEBSI30K

3aIUILIETCS B CIASTYIOIIEM BI/IIIG'
1

n-1.C

9TO YCJIOBHUEC O3HAYACT, 4YTO OIITUMAJIbHAA OLCHKA BCIMYHHBLI

MOXCET 6BITB HaﬁI[CHa n3 yCJIOBI/IH JOCTNKCHUSA MI/IHI/IMyMa 3Ha‘-IeHI/Iﬁ

BBIOOPOYHOU TUCIIEPCUU, KOTOPOE SKBUBAJICHTHO YCJIOBUIO JIOCTHXKE-
HUSI MUHUMYyMa KBaz[paTHqHLIM KpI/ITCpPIeM Pemas ypaBHeHue

a(>q X)>® min.

ﬂ e 2U_
=0,
1 &n- 1 H
HOHY‘II/IM, YqTO OIITHUMAJIbHAasA OHGHKa B 3TOM CJIy4acC paBHaA
a X
f i=1
n

Takum 006pa3zom, B cilydae pacnpeaciaeHus pe3yabTaToB U3Mepe-
HUN MO0 HOpMaAJILHOMY 3aKOHY MaKCUMaJIbHO MPaBa0NoA00Has OIEHKA
MOJIHOCTBIO COBIIAJIAET C OLICHKOM, ITOJIYYEHHOM Ha OCHOBE METOJa
HAUMEHBIIMX KBAJPaTOB.

CoxpansieTcs 1M BUJ HamIydmuxX (MakCHMAaJIbHO IPaBaoI0100-
HBIX) OIICHOK B CJy4asx, KOIJIa 3aKOH PACIpEICIICHHS T'¢HEpaIbHOMN
COBOKYITHOCTH PE3yJIbTaTOB U3MEPEHUHN OTIMYAETCS OT HOPMAIBHOTO?

[TocTponM MakCUMAaJIbHO MPaBIIONOJ00HYIO OLICHKY MO Pe3yib-
TaTaM PaBHOTOYHBIX U3MEPEHUM, pacipeIeSIeHHbIX MO Jlorapudmuye-
CKH HOPMAJIbHOMY 3aKOHY
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IC)()ﬁ):i,')qs;\/gexp[- (Inx - M?/2s?], x>0

t 0, x £0
rie S >0;- ¥ <m=InX<+¥,;0<x <+¥,i=12..,n

B 3ToM ciiyuae ¢pyHKIMS TpaBaoNoa00us UMEET BU/

n
[o]

1
-—=a (nx;- Inx)?
L= 2pxis ?ye
JI1s HaxoxAeHUs MakcuMyMa L ya00HO ucciaeaoBath InL :
n
InL=-(n/2)In2p - (n/2)Ins 2- (n/2)Inx?- (1/2s »)Q (Inx - InX)?
i=1
Maxkcumym L mocruraercs, ecau f(InL) /X =0, to ectp
n
L/LIX =(1/25 %)@ (Inx - InX) =0.
i=1
W3 1aHHOTO YpaBHEHHMS CIICIyET
n
a (Inx - InX) =0.
i=1
[IpeoOpa3zoBaHre 3TOTO BHIPAKEHHUS C HCIOJIH30BAHUEM OCHOG-
HO20 ceolicmea Jozapughma TO3BOISICT TOJYYUTh COOTHOIICHUE
In(X,X,..x )"" =InX, a manee — mocne noreHuUpoBanus — GopMyIry

izéxillnl
i

DTO cpellHee TEOMETPUUYECKOE, MHOTAA €r0 Ha3bIBAIOT CPEOHUM
aozapugmuveckum. Panee 3Ty OIEHKY MbI MOJyYaIM IMyTE€M MUHU-

_ 2 12
musanmu kputepuss R=g (Inx - InX)~.
i=1
OnpenenyM MakKCUMaJbHO MPaBAONOJA00HYIO OLIEHKY IO pe-
3yJIbTaTaM U3MEPEHUM, PaCIPEICIICHHBIX N0 3aKOHY Jlamnaca

p(x) =a§exp(-al>q - X)),
rne a >0 — mapamerp wMmacmtaba; b =X — mapamerp caBura
(-¥<b<+¥), - ¥<x<+¥.s?’=2/a?
B 3ToM ciiyyae ¢pyHKIMS TpaBaoNoa00us UMEET BU/T

g -
-a g |xi-X|

L=@/2)"e =

40



Jliis HaxoxaeHuss Makcumyma L ynoOHo ucciemoBath INL :
n
InL=nIn@/2)-aalx - X
i=1

OueBHIHO, UTO B 3TOM ciydae ¢pyHkiusa INL He sBusercs nud-
depennupyemoit mo X. B Toukax X =X HpOHM3BOIHAs 3TOW (QYHKIMU

uMeeT paspbiBbl. BMecTe ¢ TeM aHanu3 3ToM (YHKIIMU TOKa3bIBAET,
yro MakcumMyM InL, a Tem cambIM ¥ QYHKIMH TTPaBIOIOI00HS, 10C-
TUTAETCSI B TOM CIIy4ae, €CJIM BBIINOJHIETCA YCIOBHE

én_|>g - X|® min.
i=1

JlaHHO€ COOTHOIIECHUE OMNPEACIIET W YCIOBUE MUHUMM3ALNU
MOJYJIBHOTO KPUTEPUs, PACCMOTPEHHOE Hamu paHee. Torjaa e ObLIo
YCTAaHOBJIEHO, YTO MUHUMYMY MOIYJIBHOTO KPUTEPHUS COOTBETCTBYET
ONTUMAaJIbHAsI OLICHKA, COBIAIAIOIAS C 8b100POUYHOI MEOUAHOU .

Tpu npumMepa, NPUBEICHHBIC BBIIIE, ITOKA3bIBAKOT, YTO BUJ HAaU-
JYYIIUX OLEHOK MO Pe3yJibTaTaM MHOTOKPATHBIX M3MEPEHUM CYIIECT-
BEHHO 3aBHUCHUT OT BMJA 3aKOHA PaCHPEACIICHUs PE3YIbTATOB U3MEpe-
HUM. TOIBKO JJI pe3yJIbTaTOB MHOTOKPATHBIX U3MEPECHUH, pacipese-
JIEHHBIX MO0 HOPMaJbHOMY 3aKOHY, HAWJIY4Illed OLEHKOW HMCTUHHOTO
3HAUYCHHS U3MEPSIEMOI BETMIMHBI SIBJISICTCS CpesiHee apu(MeTHIecKoe.

§ 2.5 ®opMupoBaHne TOYEYHBIX M HHTEPBAJIbHBIX OI[€HOK
10 Pe3yJIbTATAM MHOITOKPATHBIX NPAMBIX M3MepPeHui

[Ipu aHanmu3e anropuTMOB (POPMHUPOBAHUS OIICHOK 3HAYCHUI
(GbU3NYECKUX BEJIWYMH MO pe3yiabTaraM UX MHOTOKPATHBIX U3MEPEHUM
OyJiIeM UCXOUTh U3 CICAYIONUX 00O0CHOBAHHBIX PaHEee JOMYIICHUM!

- ICKOMOE€ UCTHUHHOE 3HaueHHe (PU3NIECKOM BEIMUMHBI COOTBETCT-
BYET 3HAUCHMIO IMapaMETPOB IOJIOKEHHUS LIEHTpa (PYHKIMU IUIOTHOCTH
pacnpeiesieHUs TeHEPATbHOM COBOKYITHOCTH PE3YJIbTATOB U3MEPECHMUS,

- TeHEpaJbHasi COBOKYIHOCTh PE3YyJIbTAaTOB U3MEPEHUsSI pacmpe-
JIeJIEHAa MO0 HOPMAJIBHOMY 3aKOHY, MapaMeTpoM IIOJIOKEHUS IEHTpa
KOTOPOTO SIBJIIETCA MAaTEMATHYECKOE OKHJAAHUE 3HAYCHUN TreHepasib-
HOUW COBOKYITHOCTH,;

- UCXO0Jsl M3 JIF0OOro JOCTYIHOTO, HO BCErja KOHEYHOro o0bema

n - 1 -
3MHI/IpI/I‘-I€CKPIX JAHHBIX {XI}1 , | = 1, n , TOHYHOC OHpCI[CJICHPIe 3HA4YCHUA
MATEMATNYCCKOI'O O KU AaHUS reHepanLHoﬁ COBOKYHHOCTI/I HGBOBMO}KHO;
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- HAWJIYYIlIEH OLECHKOM MaTeMAaTUYE€CKOTO OXKHUIAHUS T€HEpallb-
HOW COBOKYIHOCTH, PACIIPEACIIECHHON 110 HOPMAJIbHOMY 3aKOHY, SIBJISI-
eTcs cpeaHee apudmeTnieckoe, MOCTPOSHHOE 0 COBOKYITHOCTH JIaH-

HBIX BEIOOPKH {)(,};1 :

Torma anmroput™ GOpPMHUPOBAHUSA OLIEHKH X HCTHHHOI'O 3HAYCHUS
U3MEPSIEMOU BEIIMUMHBI OYJIET OTPAXKATH CJIEIYIOIIEE COOTHOIIEHUE!

g
a X
% = izl
n
[Ipu 06paboTke 60JIbIIOro 00BbEMa MOCIEI0BATEIBHO MOTyYae-
MBIX Pe3yJIbTaTOB M3MEPEHHI MoJie3Ha peKyppeHTHas (opmyna pac-

yeTa cpez[Hero apH(bMeTquCKoro

- _ X, _n-1lgel %' 6, x _n-1_ X
ax——a R et I AR b AN R

X = n.l)g n n en-lizlx'g n_on maT

rae X[n_l], X, — 3HAYCHHUs CPEIHEro apu()METHYECKOrO, PACCUHMTAH-

Hble 10 pe3ynbTataM (N- 1) u N m3MepeHuidt X ; X — 3HAUYEHHE X
opu i =n.

OueHKa HCTUHHOTO 3HAY€HUsI POPMUPYETCS yTEM BBIUYMCIIEHUS
CpEeIHEro apu(pMETHUECKOTO PE3YIBTATOB N MOBTOPHBIX U3MEPEHUI U
ABJISACTCA CIIy4YaliHOM BEJIMYMHOU CO CBOMM 3aKOHOM PACIIPEIEIICHUS.
Yewm OosbpLIE N, TEM TOYHEE MOKHO OLIEHUTh UCTUHHOE 3HAUYCHHUE.

Mepoil TOUHOCTH NOJYYEHHOW OLIEHKHA MOXKET CIIYXKUTh JUCIEP-

2 v
CUA S + 3aKOHa paclpeaeICHUs MTOJTYYCHHON OLICHKU. Ecnu »TOT 3aK0oH

o 2
HOPMaJIbHBIM, TO 3HAYCHHEC S z BIIOJIHC OIIMCBIBACT BCC CTATHUCTHYC-

CKHME CBOMCTBA ITOI'PEIIHOCTU MOJYYEHHOU OLIEHKU. B mpOTUBHOM Ciy-

4yae OJHOI0 3HAYECHUS AUCIEPCUU IS ONPENEIICHUS TOYHOCTU OLEHKU

B BUJIE BBIODOPOYHOTO CPETHETO apU(PMETHUECKOTO HETOCTATOYHO.
PaccmoTpum mepBbIM Ciyyaid, KOrja TOYHOCTb OLIEHKH BIIOJIHE

2
XapakTepu3yeTcs 3HaueHueM S <. Jlucrepcust BBIOOPOYHOTO CPETHErO
) 2 19
CBs3aHa C JIMCIIEpCHUEN S ° pacmpeaesieHus] TeHEPaIbHOM COBOKYITHO-

CTH, a TEM CaMbIM C AUCIEPCHUEHN JIIOOOT0 pe3yJibTaTra, COCTaBIISAIOIIe-
r0 F€HEPAIIbHYI0 COBOKYITHOCTh, COOTHOIIEHUEM

=l N

S
S-=—-.
n
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DTO COOTHOIIICHHE 3/IeCh JaeTcsl 0e3 JToKa3aTenbCTBa, HO OyleT
o6ocHoBaHO Oosee cTporo B 83.2.

2
Tak xak 3HaueHUe S ° TaK)K€ HEU3BECTHO TOYHO, TO IIEJIECO00-
pPa3HO HCIOJIb30BaTh €r0 HECMEIIEHHYIO OIEHKY IO COBOKYIHOCTH

MOJYYEHHBIX PE3yJIbTATOB W3MEPEHUM {X,}l1 . Torga ouenka gucrnep-

CUU CpeHEro apu(pMEeTHUYECKOTO MOKET ObITh BHIYMCIIEHA Ha OCHOBA-

HHH CICAYIOLICTO aJIFOpI/ITMa:
, §°? 1 g )
§7=2_= & (- %7,
n n(n-1)5 %

-~ 19
rae X=-—g X .
i=1
B psnge citydaeB [Uisi BBIYMCICHUS OLICHKUA JHUCIIEPCUM €OUHUY-

~

2 =2 &2
HOT'O pe3ynbTaTa S~ IpHU ONpeaesieHu Juctepcuu S - =S “/n cpen-
HEro apu(pMeTHYecKoro MOKeT 0Ka3aTheCs MoJje3Ho Gpopmya

_ N é3 ., ~2U_ N S(2\2 =2
- A : /n' X = X - X '
- p @0 T (g K X

2
— Cpe/iHee KBaJpaTUUYECKOE pe3ysIbTaTOB U3MEpe-

OrneHka aucHepcuu S ° MOKET OBITh PACCUMTaHA U HA OCHOBE
CIIEAYIOIIEr0 PEKYPPEHTHOTO alrOPUTMA:
~ n-2 1 -
2 2 2
S[n] - n- 1S[n-1] +ﬁ(xn - X[n-l])
rae S, [Zn_l],s'” [Zn] — OIICHKU JUCIIEPCHH, PaCCYUTAHHBIC IO pe3yibTaTam
(N-1) u N usmepenuit X; X, , — 3HAYECHHE CPENHETO apupMeTHIE-
CKOT'0, paccuyuTaHHOe 1o pe3yiabTaram (N- 1) msamepenuit X; X —
3HaueHHe X mpu | =N.
U3 cootHomenus S - =S 2/ N ciemyeT, 4TO OJHOKPATHOE H3Me-

perare (N=1) obmamaeT MOIrPENIHOCTBIO, KOTOPYIO XapaKTCPH3YyeT
JIUCIIEPCUSL BCEM TEHEPAIBbHOM COBOKYIIHOCTHM. Ha mepBbId B3I,
31€Ch COACPIKUTCS MPOTUBOPEUME. JUISI OLUEHKHU IOTPEITHOCTH OHO-
KpaTHOT'O U3MEPEHUsI HEOOXOIMMO ITPOBECTH MHOTOKPATHBIE U3MEpe-

=2
HHA C HCJIBIO OIIPCACIICHUA 3HAYCHUA S . OI[HaKO 9TO IPOTHUBOPCUYHUC
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paspemaercss 10CTaTouHo npocTto. [IpoBeneHne n3mMepeHul BeaInyu-
Hbl X U ONpelesieHne AUCIIEPCUN T'eHepalbHOM COBOKYITHOCTHU pa3Jie-
JSIFOT BO BPEMEHU M B TIPOCTpPAHCTBE. B 4acTHOCTH, €clii MpeArosno-
KUTh, YTO CIIy4yalHash TMOTPEIIHOCTh M3MEPEHUN 0O0YyCIOBJIEHA OCO-
OCHHOCTSIMU MPUMEHSEMOI'0 METOJ]a U U3MEPUTEITHLHOTO Mpubdopa, To
BEJIMYUHY S ° MOKHO OIIPEJENHUTh B IPolecce KaTUOPOBKY mpudopa u
KOHTPOJUPOBATh B XOJI¢ MEPUOJANUECKUX MOBEPOK. B ompenenennoM
CMBICIIE C JIFOOBIM pe3yJIbTaTOM M3MEPEHHUI X BCera CBS3aHO 3Haue-

HHUE JUCIICPCUM T'eHEPabHOW COBOKyHHOCTH (Wi ee oreHku). [lo-
3TOMY PE3YJbTAaThl U3MEPECHUM, OTHOCAIIMECA K OJTHOM N'€HEPAIbHOU
COBOKYIHOCTH, TO €CTh IOJIyYEHHbIE B OJMHAKOBBIX YCJIOBHSX C HC-
MOJIb30BAaHUEM OJHOTO U TOTO € HM3MEpPUTENIbHOTO mpubdopa, oOia-
JAI0T OJIMHAKOBOMH TOIPEIIHOCTBIO, BEIMYNHOMN S °. Takue u3MepeHus
HAa3bIBAIOT PAGHOMOUHbIMU. ECIIN )K€ U3MEPEHUs OJHOU U TOM XKE Be-
JIMYMHBI OTHOCATCS K Pa3HbIM I'€HEPAIBHBIM COBOKYIHOCTSIM, TO €CTh
OCYLIECTBIIEHBI B PAa3HbIX YCIOBUAX C KCIIOJb30BAHUEM PA3JIMYHBIX
U3MEPUTENIbHBIX MPUOOPOB, TO OHKM O0JIAIAI0T PA3IMYHBIMU MOTPEI-
HocTaMu (3HayeHusMu S °). Takue M3MepeHHs Ha3bIBAIOT HEPAGHO-
mounvimu. TakuM o0pa3oM, KaxJ0€ SIUHUYHOE U3MEPEHHUE XapaKTe-
pU3YETCs NTapOoy YUCEII: 3HAYCHUEM X U IUCIEPCUEH S i2 reHEpaIbHON
COBOKYIHOCTH, K KOTOPOW NPUHAIJICKUT 3TO uU3MepeHue. B ciryuae

w 2
PaBHOTOYHbLIX HU3MCPCHHHU BCC S.

° onuHakoBbl. MIMeHHO 00paboTka

PaBHOTOYHBIX U3MEPEHUI OyneT paccMoTpeHa B 82.4,
Korma pacuersl 3HaucHU X U S ;2 IIPOBEACHBI, TO OKOHYATEIIb-
HBIH pe3yabTaT PAaBHOTOYHBIX M3MEPEHUN IPEACTABISIOT B BH/IE

Xt SZ=X%S_,

~ 1 3 -
rae S = ﬁé (X - X)* — cpeqHEeKBaApPaTUUECKOE OTKIOHEHUE
n n = i=1

cpeaHero apuhMeTHIECKOro X =

S|k

n
o v
a X pe3yabTaTOB U3MECPCHUU.
i=1

Takyro ¢opmy mpencraBieHUsl pe3yJbTaTOB MHOTOKPATHBIX U3-
MepeHu (pU3NYECKON BETMUYUHBI Ha3bIBAIOT MOYEUHOU OUEHKOU.

JIaHHOE IPENCTABJICHUE CBUAETEILCTBYET O TOM, YTO JAXKE I10-
CJIe TPOBEICHUST MHOTOKPATHBIX U3MEPEHUH, TouHoe (MCTHHHOE) 3Ha-
YeHUE HM3MEPSEMON BEJIIMYMUHBI OCTaeTCsd Heu3BeCTHbIM. OOpaboTka
OMIIMPUYECKUX JAHHBIX ITO3BOJIAET ONPEACIUTh HEKOTOPBIA UHTEPBAII
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3HAYEHHUH, B KOTOPOM HCTUHHOE 3HAYEHUE MOXKET OKa3aThCs C JOCTa-
TOYHO OOJBIION BEPOATHOCTHIO. LIEHTp 3TOro mHTEepBana onpeneset
OIIEHKAa MaTEMATUYECKOI0 OKHUIaHUsI T€HEPATbHOM COBOKYITHOCTH, TO
€CTh BBIOOpOYHOE cpeqHee apuMETHIECKOE, a TPAHUIIBI — 3HAUYCHUS
OLICHKH CPEIHEKBAIPAaTHUECKOTO OTKIOHEHUS S -, OTJIOKEHHBIE IO

OCH X BIIPAaBO M BJIEBO OTHOCHUTEIILHO IoJIOKeHus X . Ha pucynke 2.4
CXEMATUYECKH NPEJCTABIEH TAKOM UHTEPBAI. 11 TOUEUYHOU OLIEHKU
I'paHUIbl U300PAKEHHOI'0 UHTEpBaia HaXOAATCS Ha PACCTOSHUU € OT
X, KOTOPOE COOTBETCTBYET 3HAUCHHIO S - .

B cooTBeTCTBHMH CO CBOMCTBAMU HOPMAJIBHOI'O PACIIPEACIICHUS B
nrTepBan [X - $-, X - §.| momamaer oxomo 68% Bcex BOMOXKHBIX pe-
3yJAbTaToOB uU3MepeHnil. C TakoM k€ BEPOSITHOCTHIO TaKOM WHTEpBa
MOXET «HAKPBITh» UCTUHHOE 3HAYCHUE U3MepsieMoil BennyuHbl. Of-
HAaKO C BEPOSITHOCTHIO OK0JI0 32% HWCTHHHOE 3HAYCHHUE MOXKET U HE
IOMacTh B HHTEPBAI [)? -S.,X-§ 55] Takum oOpa3oM, T0CTOBEp-

HOCTb TOYEYHOH OIIEHKH HE MpeBbIiaeT 68%.

Jlosepumenvuviu unmepean

& »
< »

<& »
< »

X—€
Puc. 2.4. JloBepuTenbHbI HHTEPBAI

HarmoMumM, 4T0 docmoseprnocmeb uzmepenuit (OIUMH U3 TIO0Ka3a-
TEJICH KadecTBa IOJyYaeMbIX PE3YJIbTaTOB) 3aBUCHT OT CTECICHH JO-
BEPUS K PE3YIbTATY U XAPAKTEPUZYETCA BEPOSATHOCTHIO TOTO, YTO UC-
THUHHOE 3HAYCHUE JICKUT B YKA3aHHBIX 006EPUME/IbHBIX ZPAHUUAX .

WNuTtepBan omnpenensommuil rpaHuilbl JOBEPUTENbHON 00J1acTu
HAa3bIBAIOT 006EPUMETIbHbBIM UHMEPBEAIOM, BEPOSITHOCTh C KOTOPOU
MO>KHO OKHMJATh MOMAJaHWs] UCTUHHOTO 3HAYECHUS B JIOBEPUTEIIHHBIN
WHTEPBA — 006EPUMEIbHOU 6EPOAMHOCHbBIO.

Takum 00pa3oM, ToueyHas OLIEHKA MPEACTaBIAeT cOOOW MHTEP-
BaJIbHYIO OLICHKY C JIOBEpUTEIbHOU BepoaTHOCThIO P » 0,68.

Ecnu e 10CTOBEPHOCTh TOUEUHOUM OLICHKH HE YJOBJIETBOPSET,
€CTh JIBA ITYyTH MOBBIIICHUS KAY€CTBA MOJTyYa€MbIX PE3YIbTATOB.
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ITepBbIil ITyTh 3aKJIIOYAETCS B YBEJIMUYCHUU YMCIIA MPOBEACHHBIX
U3MepeHuid. B aToM cityuae yMeHbIIaeTcsl 3Ha4eHUE S -, 4TO MPUBO-

JIUT K YMEHBIICHUIO JTOBEPUTEIBLHOTO HHTEPBaAia. OUEBUIHO, YTO MPH
N® ¥ MNOPOUCXOJUT HEOTPAHWUYEHHOE CONMKEHUE TpaHull JOBEpH-
TEJILHOTO MHTEPBaJIa K TOYKE X, a CaMO 3HAUYCHUE X HEOTPAHUYCHHO
NpPUOJIMKAETCS] K MCTUHHOMY 3HAYEHUIO U3MEPSIEMON BEJIMYMHBI.
BTopoi#t myTh — B YBEIIMUEHUHU JOBEPUTEINBHONU BEPOSITHOCTH IIPU
HEU3MEHHOM KOJIMYECTBE M3MEPEHUU. JTO JOCTUTACTCS IyTEM pac-
IIMPEHUS TPaHUL] TOBEPUTEIILHOIO HHTEpBana. Hanpumep, ucnosb3o-
BaHWE JOBEPUTEILHOrO HHTEpBana [X - 257, X - 25| mossonser yse-
JUYUATH  JIOBEPUTENbHYIO  BEpOATHOCT, g0 95%, wuHTepBana
[Y - 3., X- %}] — 10 3Hadenus cBbire 99%. OueHky ¢ TpeOyeMbIM

3HaYE€HUEM JIOBEPUTEIHHOW BEPOSITHOCTU TONYYHMJIM HA3BAHHUE UH-
MmepeanbHbIX OUCHOK.

[Tpu GompiIoM Yucie pe3yiabTatoB u3Mepenuii (n>25..30) mo-
BEPUTEIIBHYIO TPAHUILy CIyYailHOW MOTPENTHOCTA € BBIYUCISIOT T10
dbopmyie

e =128y,
Ine Z, — KeaHmuab HOPMAIBHOTO pacrpeneicHus (KBaHTHUIbHBIN
MHOXHTEJb), S, — OILEHKAa CPEIHCKBAIPATUYCCKOTO OTKIOHCHHUS
cpeaHero apupMeTHIECKOro.

3HaueHNEe KBAaHTUIILHOTO MHOXKUTEIS Z, OMPEENSIOT M0 Tadu-

e pyuknuu Jlamnaca npu 3aJaHHON JIOBEPUTEIBHON BEpOSATHOCTH P
(tabynia 2.2)

Tabnuua 2.2 — 3HaueHus KBaHTWIEH HOPMAJIBLHOTO PaclpeaeICHUs

JloBepuTenpHas 080 | 090 | 095 | 0,99 | 0,999

BEPOSITHOCTD

Z, 1,28 | 1,65 | 1,96 | 258 | 3,29

YeMm MEHbIIIE YHCIIO U3MEPEHUI, TEM MEHEe Ha/ICKHBIM SIBIISCT-
Csl ONpeNeNICHUE JTOBEPUTENIbHOIO HMHTEpBaJila MPUBEJACHHBIM BBIIIE
CIIOCOOOM.

[Tpu HeOoNBIIOM 4YHCIIE pe3yibTaToB m3Mepenuit (N <25...30)
UCIOJIb3YIOT HE rayCCOBCKOE pacrpesenenue, a pacnpeneneHue Ctb-
I0JICHTa, U JOBEPUTEIHHYIO TPAHUIly CIy4alHOW MOTPEIIHOCTH €
paccUYMTHIBAIOT 10 (hopMmylie
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e=t,’s,
rrae t, — koad¢unment Cteronenta (KBaHTUIb pacnpeaeneHus CTbio-
JICHTA), S ; — OIICHKA CPEHEKBAPATHUECKOT0 OTKIOHCHHUS CPEIIHETO

apu(METHIECKOTO.

3nayenne koapuuuenra CtproieHTa t, Oonpenesnstor mpu 3a1aH-
HOW JIOBEPUTENBHON BEPOATHOCTH P 1 N MOJydYeHHBIX Pe3yJbTaToB
WU3MEPEHUN C UCTIOIb30BAaHUEM JaHHBIX, IPUBEACHHBIX B Ta0umIe 2.3.

[Mpu yBemuuenun uwucia usmepenuit (N>30) pacnpeaencHue
CTproZIeHTa MEPEXOJAUT B HOpMasibHOE, a Kodhduuuent CThloneHTa
cONMMXKaeTCs ¢ KBAaHTHIEM HOpPMalbHOrO pacmpenencHus (N® ¥
t, ® z,).

AHanu3upys JaHHbIe TaOIHUIBI 2.3 MOKHO OTMETUTH, YTO TPH
(UKCUPOBAHHOM KOJMYECTBE M3MepeHuil kodpduuueHt CThroAeHTa
pacTeT Mo Mepe YBEIMYEHHUS TPeOyeMoil 10BEpUTENbHOW BEPOATHO-
CTH, a IPU PUKCUPOBAHHOM 3HAYEHUH TOBEPUTEIHLHONU BEPOSITHOCTU —
YMEHBILAETCS C POCTOM YHCJIa U3MEPEHUH.

Tabnuua 2.3 — 3nauenus koadppunuenta CtbroaeHTa i,

JloBepuTtenabHasi BEpOSITHOCTh P

" 0,9 0,95 0,98 0,99 0,999
2 6,31 12,71 31,82 63,68 636,62
3 2,92 4,30 6,97 9,93 31,6
4 2,35 3,18 4,54 5,84 12,92
5 2,13 2,78 3,75 4,60 8,61
6 2,02 2,57 3,37 4,06 6,87
7 1,94 2,45 3,14 3,71 5,96
8 1,90 2,37 3,00 3,50 5,41
9 1,86 2,31 2,90 3,36 5,04
10 1,83 2,26 2,82 3,25 4,78
15 1,76 2,15 2,62 2,98 4,14
20 1,73 2,09 2,54 2,86 3,88
30 1,70 2,04 2,46 2,75 3,65
40 1,68 2,02 2,42 2,70 3,95
60 1,67 2,00 2,39 2,06 3,46
120 1,66 1,98 2,36 2,62 3,37
¥ 1,65 1,96 2,33 2,58 3,29

[TonBoist UTOT CKa3aHHOMY, OTMETUM, 4TO 00pabOTKa pe3yJibTa-
n

TOB MHOT'OKPATHBIX IPAMBIX U3MEPEHUN {)g}1

HEKOTOPOM Pu3nuecKoit
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BEJIMYUHBI CBOJUTCS B OOIIEM ciiydae K (OPMHUPOBAHUIO MHTEPBAIb-
HOM OLICHKH, KOTOPYIO ONPEIEIAIOT TPU YUCIIA!

- 3HaYEHUE CPEIHEro apuPpMeTHUEeCKOro pe3yJbTaTOB H3MeEpe-
HUU

n
~ o]
X=—a X,
i=1
- 3HaYEHWE TPAHUIIBI IOBEPUTEIBHOTO WHTEpBaia (IpaHUIIBI 1O-

T'PEITHOCTH)

1
n

1 ¢ —\2
= - - X))
e=t n(n- 1)2.1(>§ )7
- 3HAYEHUE JOBEPUTENBHOMN BEpOSTHOCTH P .
B yactHOM ciydae popMHpOBaHUSI TOUEUHOW OIEHKH 3HAYCHUE
JIOBEPUTEIILHON BEPOSATHOCTH HE YKA3bIBAKOT, 4 TPAHUILY IOTPELIHO-

CTH OIPEACISAIOT 0 hopMmyJie

_ 1 g 2
e=|———a(x-X)".
n(n-1) 5
B n1060M ciydae oKOHYATENbHBIN pe3ysbTaT 3alMChIBAIOT KaK
Xte.

[Tocnie yero ero NpeACTaBIsIOT B CHIAHOAPMHOU (hopme, KOTOpasi Co-
JIEPKUT TOJBKO O00CHI08€pHble, TO €CTh IMPABUIHLHO OKPYIJICHHBIE,
3HAYEHUS ITUX YHCe. 3a0ayKAeHUEeM ObLJI0 ObI MoJIarath, YTO BBICO-
Kasi TOYHOCTh BBIYUCJICHUM MTpU 00paObOTKE JTAaHHBIX MOXKET CIIOCOOCT-
BOBaTh MOJyYEHHIO O0jiee TOYHOTO pe3yibTata uaMepeHus. Hampu-
MEp, B XOJI¢ IPOBEACHHS PACUCTOB 3HAUYCHUN X M € KOMIIBIOTEp MO-
’KET BBIJATh C JECITOK HEHYJIEBBIX IU(P, HO BCE JU OHM OyayT J0C-
ToBepHbIMU? OOpaboTKa TaHHBIX, KAKOW ObI CIIOXKHON M TPYAOEMKON
OHa HU ObLIA, SIBISCTCS 6MOPUYHOU TIO OTHOIICHUIO K MPUPOJE U3Y-
4aeMoro o0ObeKTa M IPOoLeCCy M3MepeHHs. B OKOHYATEIbHBIX YHCIIO-
BBIX 3HAYEHMSX 3TO CJIECAYET YUYUTHIBATh, UTO U JACIAIOT MyTEM HUX OK-
pyTJICHHUS.

Heo0Xo1uMOCTh OKpPYIJICHUS €CTh CJICJICTBUE HEOnpeoeieHHOo-
cmu TIpY OLICHUBAHUHM OKOHYATEJIBHBIX pe3ysbTaToB. B MaTemaTnue-
CKOM CTaTHUCTHKE JOKa3aHO, YTO OTHOCHUTEJIbHAs MOTPEIIHOCTh OIle-

HHMBaHUS BEJIMYMHBI S, cOoCTaBisieT nmpuMepHo 1/~/n- 1, rae n — ko-

andyecTBO u3MepeHuit. Ilpu N~10 oTHOcuTenbHAas TOTPENTHOCTH
oneHUBaHus S ; Moxet jgocturath 30%. [loHATHO, UTO TOTNA TEpsET
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CMBICJI TPUBOJAUTH B YUCIOBOM BBIPAXKEHUM JIJI1 TOTPEITHOCTH JIWIII-
HUE IUQpBI, KOTOPbIE OKaXXyTCA 3aBEIOMO HEeHajexHbIMU. [IpaBna,
IIPU BBITIOJIHEHUU TIPOMEKYTOUHBIX PACUETOB IOJIE3HO UMETh OJHY
WJIU JIBE€ JOTIOJIHUTEIbHBIC IIU(GPHI, KOTOPHIE MMOHAA00ATCS B IIpoIlecce
OKPYTJIEHHS.

ITopsiioK BBINOJTHEHKS] OKPYTJIEHUS BKJIFOUAET CIICAYIOIINE ITAIIbI.

1. BeIMoNHSIOT NpelBapUTEIbHYIO 3allUCh OKOHYATEIBHOIO pe-
3yJIbTaTa U3MEPECHHS B BUJC X £ € W BBIHOCAT 3a OOIIHMe CKOOKH OJIU-
HAKOBBIE TTOPSAJIKA CPEAHETO U MOTPEIIHOCTH, TO €CTh MHOKHUTEIb BUIA

10%, rae k —memoe MOTOKHUTENBHOE WITH OTPHIIATENbHOE urcio. Unca
B CKOOKaX MEPENUCHIBAIOT B JCCATUYHOM BHUJIC C UCIIOJIH30BaHUEM 3a-
MATOM, yOpaB TeM CaMbIM OCTABIITUECS MOPSIKOBbIC MHOKUTEIIH.

2. OKpyTISIOT B CKOOKaX YKMCII0, COOTBETCTBYIOIIEE MOTPEITHOCTH:

- 10 ojHOHM 3Hauamied (HeHyneBoi) Iudphl ClieBa, €ClIM dTa
nudpa paBHa win Oousblie 2, HanpuMmep, uuciao 0,03411 oxkpyrisioT
1o 0,03;

- 710 IBYX TEpBBIX ITU(dp B ciaydae, €CJIM MepBas 3Havamas mud-
pa TmocJe 3amnsiTol B AECATUYHOMN 3alUCH Ynclia — IMHUIA, HAllpUMep
guciao 0,00014232 oxpyrasrot g0 0,00014.

[Ipu oKkpyrieHUH UCTIONB3YIOT CIEAYIOIIEee MPABUIIO:

- ecni uudpa, pacrojgokKeHHas 3a OCTAaBIsIEMOM, MEHbIIE 3, TO
ee orOpackIBatoT, Hanpumep, uucio 0,034 oxpyrisrot o 0,03;

- ecli Oousibllie 5, TO OCTaBISIEMYI0 LU(PY YBEIWYMBAIOT Ha
enuHuIy, Hanpumep, uynucio 0,037 oxpyrisarot go 0,04;

- eciu oTOpackiBaemas 1u@dpa paBHa S, TO HAMMEHbIIAs OIINOKA
JOCTUTAETCsl PU OKPYTJeHUWU 1o mnpaBwily ['aycca mo Ommkaiiiiero
4eTHOro uucia, Hampumep, uucio 0,45 okpyrstor a0 0,4, u ducio
0,35 raxxke okpyrisiroT a0 0,4.

3. OKpyrisitoT B CKOOKAaX YHUCIIO0, COOTBETCTBYIOIIEE CPEIHEMY
3HAYCHHIO X . MOCJICIHUMH CIIpaBa OCTaBIAIOT IUGPHI TEX Pa3psioB,
KOTOPBIE COXPAHWIUCH B MOTPELIHOCTH MOCJIE €€ OKPYTJICHHUS.

4. OKOHYATEIHHO 3aMMCHIBAIOT X £€ C Y4EeTOM BBIIOJHEHHBIX
okpyriaeHui. OOIMi TOPSAOK M EAUHUIBI HU3MEPECHHS BEIUYUHBI
MPUBOISAT 32 CKOOKaMHU — MOJIyYeHa CIMAHOApmMHAA (hopma 3anvcH.

[Ipumep OKpyTIEHUS U 3alMCU OKOHYATEJIHOTO pe3yjbTara u3-
MEpEeHUH B CTaHAapTHOU (hopMme TIpuBeieH B Tabmuie 2.4.
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Tabnuua 2.4 — 3anuch OKOHYATENbHOTO pe3yJibTaTa U3MEpPEHUs

[TpenBapurenbHas 3anuck | CrangapTHas gopma 3anucu
L =(528112+54)m L =(5,281+ 0,005)%.0° M

B 3akmiodyeHue paccMOTpuM mOpuMep OOpabOTKH Pe3yIbTaTOB
MHOTOKPATHBIX MPSAMBIX M3MEPEHUH BBICOTHI N. JlaHHBIC M3MEpEHUI
nomenieHsl B Tabsmie 2.5. OTMeTuM, 94TO U3MEpPEHUs MPOBOJIUIH C
TIOMOIIIbI0 OOBIYHON MEpPHOW JICHTHI (PYJIETKH) B YCJIOBHSIX IOPHIBHU-
CTOrO BETPA, YTO MPUBEIO K 3HAUYUTEIBHOMY pa3OpocCy pe3ysbTaToB,
KaK M3-3a PaCTATUBAHUSA JICHTHI, TAK U BCJIEICTBUE BIUSHUSA IOPHIBOB
BeTpa. [lonyuyuBiuniicst pa3dpoc XopoIio 3aMeTeH B TabJulIe.

Tabnuma 2.5 — Pe3ynbTaThl u3MepeHust BHICOTHI

Howmep nzmepenus,

i =110 h. M Dh=h-h,m | (Dh), m
1 28,30 055 0,303
2 20,33 +0,53 0.281
3 28,60 0.25 0,063
4 28.95 +0,10 0,010
5 20,90 +1.05 1103
6 28.71 014 0,020
7 28.17 2068 0,462
3 20,50 +0.65 0423
9 28,66 0.19 0,036
10 28.33 052 0.270

10
ah

BBIUHCIAIOT cpeHee apudmMernueckoe h = % =2885 M u 3a-

MOJIHSAIOT JiBa MpaBbIX CTOJ0IA Tabuuibl. Haxondr cpenHee kBajpa-

THUYHOE OTKJIOHEHHE S| =

IllW =4/2,971/90 = 0,18 y;,

Koapdunuent CrprofeHTa Ui NOBEPUTENBHON BEPOSTHOCTH
P=0,68 u Nn=10 BeIMONHEHHBIX U3MEPEHUNU: ;5,0 =11. [upuna

JNIOBEPUTEIIBHOTO MHTEpBaja, KOTOpas CIIYKUT OLEHKOW CIy4auHOU
norpemHoctu: € =11°018=0,20 m. [IpubopHy0 MOrpemHOCTh NpH
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M3MEPCHHH JITTMHBI OI[CHUBAIOT KaK MOJIOBUHY IICHBI JCJICHUS UCTIOJb-
3yeMmoii MepHoi jeHThl (0,5 cM), oHa cocraBiser G, = 0,25 cM =
=0,00025 cm. D10 nmoutu B 100 pa3 mMeHblIe cIy4ailHON MOTPELIHO-
CTH, H G, MOXXHO HE yUYWTHIBATh NPH BBIYUCIICHHA CYMMapHOU ITO-
T'PEITHOCTH U3MEPEHUSI.

OxoHYATENBHBIN pe3ysIbTaT W3MepeHus BoicoThl: h = (28,85 *

0,20) m.

§ 2.6 OueHka TOYHOCTH pe3yJIbTATOB U3MepPeHMit
B IPUCYTCTBHU CUCTEMATHYECKHX MOTPEeIIHOCTEH.
CymMapHasi IOrpemHoCcTh

[TpuBeneHusie B 82.5 mpouemypbl 00pabOTKH Pe3yIbTaTOB MHO-
TOKPATHBIX HM3MEPEHHH OTHOCATCS K CIy4yar, KOrja IMOTPEeHIHOCTU
MOJTYYCHHBIX PE3yJIbTAaTOB SBIISIIOTCS CIydalHbIMH. YacTo MOMHUMO
CIIy4alHBIX Ha pE3yJbTaThl U3MEPECHUN BIMSIOT U CUCTEMaTUYECKHUE
MOTPEITHOCTH. B reoje3nyeckoil MpakTUKE CUCTEMaTHYeCKue IIo-
I'PEITHOCTH OOBIYHO CBSI3aHBI C HECOBEPIICHCTBOM H3MEPUTEIHHBIX
pHUOOPOB, TO €CTh HOCAT HHCTPYMEHTAJIbHBIN XapaKTep.

OCOOEHHOCTBIO CHUCTEMATHYECKUX MOTPEIIHOCTEH SIBISETCS TO,
YTO OHU OCTAIOTCS MOCTOSSHHBIMH WJIA 3aKOHOMEPHO U3MEHSIOTCS MPU
MTOBTOPHBIX U3MEPEHUSIX OAHOM M TOM ke (PU3NUECKON BeanuuHbl. [1o
XapakTepy MPOSIBICHUS CUCTEMATHYECKUE MOTPEIIHOCTH Pa3AeiisiioT
HA nOCMOAHHble N nepemennble (M3MEHSIONUECS BO BpeMeHH). [le-
PEMEHHBIE TOTPEIIHOCTH MOTYT OBITh HpPOZpeccupyrouiumu i nepuo-
ouyecKumu.

Pe3ynbTaThl N3MEpEeHUM, MOJIyYECHHBIC TP HAJTUIUU CUCTEMaTH-
YECKUX IOTPEITHOCTEH, Ha3bIBAIOTCS HeucnpaesieHHvimu. Tak Kak
CUCTEMAaTUYECKHE IIOIPEIIHOCTH SIBIISIOTCS JIETEPMUHUPOBAHHBIMU
BEJIMYUHAMU, TO, B MPHUHIIUIIE, MOTYT OBITh OIpEeTeHbl U UCKIIOYe-
Hbl U3 pE3yJbTaTOB U3MepeHui. J[JIs ucnpaBiieHUsS PEe3yJIbTATOB HX
CKJIaJIBIBAIOT C MOMpPaBKaMU, PABHBIMU CUCTEMATHUUYECKUM IOTPEIIHO-
CTSAM I10 BEJIMYMHE M 0OpaTHBIMH UM 110 3HaKy. CrocoOsl ompesene-
HUS 3HAYCHUH HY)KHBIX IOMPABOK Pa3IMYHbI U HOCAT crielrUIEeCKui
XapakTep I KaXXJ0To TUMAa CUCTeMaTH4YeCKux morpemHocrteit. [lo-
CJI€ MCKIIIOYEHUS] CUCTEMATUYECKUX MOTPEIIHOCTEN MOJYy4YaroT HC-
MpaBJICHHBIE CPeAHNE apU(PMETUIECKUE U UCTIPABJICHHBIC OTKIOHEHUS
pe3yJIbTAaTOB, XapaKTEPU3YIOIIME CTENIEHb PaCCEeUBAHUS PE3YyJIbTaTOB.
CrnemyeTr OTMETHUTh, YTO BBEJCHHEM TMOMPABKU YCTPAHSIOT BIIMSHUE
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TOJIBKO OJIHOM BIIOJIHE OIPEAECICHHOW COCTABJIAIOIIEH CUCTEMATHYE-
CKOHM morpemHoctu. [1o3ToMy B pe3ysibTaTbl U3MEPEHUS YACTO MPH-
XOJUTCS BBOJAWTH OOJIBIIIOE YHMCIIO TMOMNpaBok. [Ipu 3TOM BCieacTBue
OTPAHUYECHHON TOYHOCTU OIPENICIICHUS] 3HAYCHUU MOMPaBOK HaKall-
JIMBAIOTCSl JIOTOJIHUTEIbHBIE CIy4YallHbIE MOTPEIIHOCTA M AUCTIEPCUs

~2 .
S %, pe3ylibTaTa U3BMCPCHUS YBCIINYUBACTCH.

~2 .
rme S, — OIEHKA JAWCIEPCHUH HEUCIPABICHHOTO pPe3ylbTaTa,
sz — OIICHKA IUCIIEPCUU | - OH MOIPaBKH.

[TonnpaBKy MMEET CMBICII BBOJUTH A0 TEX MOP, MIOKA OHA YMEHb-
1a€T JIOBEPUTEIBHBIE TPAHUIIBI MOTperHOCTH. [Ipu mamon mucnep-
CUU MOMNPABKU MOXKET MOKA3aThCs, YTO BBEICHHUE 000N MOMpaBKU
MOBBIIAET JOCTOBEPHOCTh pe3yibTara. OQHAKO CIeayeT MOMHUTH,
YTO MOTPEUIHOCTh PEe3yJibTaTa BhIpaxaeTcs He OoJjiee yeM JBYMs 3Ha-
JanuMu udpaMu, Io3TOMY MOMPaBKa, €CIIM OHA MEHBIIE TSATH €IH-
HUIL pa3psiaa, CIACIYIOUEro 3a MOCICIHUM JECATUYHBIM 3HAKOM IO-
IPEIIHOCTH pe3yJibTaTa, OyJIeT BCE paBHO MOTEpPsSIHA MPU OKPYTJIICHUH,
Y BBOJIUTH €€ HE UMEET CMBICIIA.

CucreMaTn4eckue MOTPEIIHOCTH, OCTABIIMECS IOCIE BBEICHUS
COOTBETCTBYIOIIMX MONPABOK, HA3BIBAIOT HEUCKIIOUEHHbIMU OCTaT-
KaMHA CHUCTEMATHYECKUX MOTPEIIHOCTEW. DTH COCTABIISIIOIIUE CUCTE-
MAaTHYE€CKOW MOTPEIIHOCTH MMEIOT CBOM 3HAYEHUS, HO 3T 3HAYCHUS
HEHU3BECTHBI. MI3BECTHO UMb TO, YTO B MACCE€ OJHOTHUITHBIX H3MEpE-
HUH 9TH COCTABILIOLIME JISKAT B ONPEACICHHBIX IpaHuiax +(, . B

ATOM Cjydae JJIsi HEHUCKJIIOYEHHBIX OCTAaTKOB CHUCTEMaTUYECKOM I10-
I'PEIIHOCTH CJEAYET MPUHSATh PAaBHOMEPHOE paclpenesieHue. ['panu-
bl TOTPEIIHOCTH, COOTBETCTBYIOIIUE JIOBEPUTEIILHON BEPOSTHOCTHU
P, BeruncisoT o popmyiie

rae ¢; —rpasuia J-Ol HEMCKIIIOUCHHOM CUCTEMAaTHUYCCKOM IOTPEIIHO-

cti; K — ko3¢ dUIMEeHT, 3aBUCSINNUNA OT JOBEPUTEILHON BEPOSITHOCTH
(g \m >4 kosdpdpunment K =095 npu P=09; k=11 npu P=095
u K=14 mpu P=099).
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[Ipyn uncne CyMMHpPYEMBIX COCTABISIONIUX CHCTEMATHUYECKOU
norpemHoctd ME 4 kosdhduinment K HaxoasT mo Tadmauie 2.5 uau
(st moBeputenbHOU BepositHocTH P =0,99) ¢ ncnonp3oBanueM rpa-
¢duka, mpeAcTaBIeHHOr0 Ha pucyHke 2.5. Ha rpaduke npuseneHs! 3a-
Bucumoctu K=K(m,l), rae | — mapamerp, yunThIBalOImui pa3inyue
B pa3Mepax rpaHul] cymMmMupyembix norpemnocreid. [Ipy m£ 3 uene-
COO0pa3HO CPaBHUBATH PE3YJbTAT, MOJYYCHHBIH C MOMONIbIO (HOpMY-

m
JIBI q|P =+k |4 q 12 , C OLICHKOM T'paHul] o popmyJie
j=1

g =4
j=1

Eciu 6 > 6, TO B KaueCTBE OILICHKH I'PaHMI] UCIIOJIb3YIOT «9*, KO-
Topas onpeaenser rpanunsl npu P =1,

ITpumep. IlycTp rpaHMuBl YETBIPEX COCTABJISIOIIMX HEUCKIIIO-
YeHHBIX cHCTeMaTHueckux mnorpemHocrei ¢, =+001, q, =+0,02,
g, =+003, q,=+004. Heobxoaumo oOmnpenenuTb JOBEPHUTEIbHBIE

IPAHMIBl KOMIIO3ULMU 3TUX COCTABIAIOUIMX MOIPEIIHOCTEH Mpu
P =10. [IpumMeHnsisi npeyio)KEHHYIO BBIIIE METOJIUKY, MOJTYyUYUM

q =%k |4 97 =+14,/000* +0,02% + 0,03 +0,04> » +0,077.
j=1

OKOHYaTENbHBIA pPE3yNbTAT MHOTOKPATHBIX M3MEPEHHU COAEp-
KUT B ce0€ Kak CIly4alHYy!0, TaK U HEHUCKIIOYEHHYIO CHUCTEMaTHye-
CKYIO IIOTPELIHOCTH.

Tabmuna 2.6 — 3nauenus kodpdummenta K =k(m,l) mia BeI-
YHCIICHUS JIOBEPUTEIBHOM T'PAHUIIbI CUCTEMATHYCCKOM MOTPEITHOCTH

o popmyJie q|P =+k |§ qu
j=1

| P=09 P=095 P=098

m=2 mMm=3mMm=4| m=2  mMm=3 m=4 m=2| m=3 |, m=4

0,967 /0,958 | 0,946 | 1,101 | 1,120 | 1,120 | 1,218 | 1,283 | 1,301

0,942 10,945]0,945| 1,054 | 1,086 | 1,096 | 1,161 | 1,230 | 1,263

0,918 0,926 | 0,935 | 1,019 | 1,046 | 1,062 | 1,108 | 1,167 | 1,200

0,906 | 0,912 0,918 | 0,996 | 1,017 1,032 | 1,070 | 1,121 | 1,151

Gl WNPF

0,900 | 0,905| 0,911 | 0,982 0,997 1,012 | 1,054 | 1,089 | 1,118
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Puc. 2.5. I'padpuk s onpenenenns K =k(m,|) npu P =099

Torma mDOrpenIHOCT, OKOHYATEIIBHOTO pe3yJbTaThl (CpemHe-
KBaJpPAaTHYCCKOC OTKJIOHCHHE CPEAHEro apudmeTudeckoro) OyaeT
BKJIFOUYATh JIB€ COCTABJISIOIINE

Takyro NOTrpeIHOCTb HAa3bIBAKOT CYMMAPHOU.

KOHTpOJII)HI)Ie BOIIPOCHI M 3a/1aHUA

1. Kak onpenensitoT MOHATUS «COCTOSITEIIbHON», KHECMEIIEHHON»
U «3(QHEeKTUBHON» OLICHOK?

2. KakrM#y OCHOBHBIMHU TTPEITIOJIOKECHUSIMI OOBIYHO PYKOBOJICTBY-
IOTCS TIPH aHAJIM3€ MTOTPEITHOCTEH T'e0/Ie3nUecKnX n3MepeHuii? Ha dem
OHHM OCHOBBIBAIOTCS ?

3. 3anumuMTe aHaAJTUTUYECKOE BBIPAKEHUE JISI TJIOTHOCTH BEPO-
ATHOCTH CJIyYalHOW BEJIUYUHBI, PACHPEIECICHHON 110 HOPMAJIbHOMY
3aKoHy. KakuMu OCHOBHBIMHM CBOMCTBaAMHM 00JadaeT 3TO pacupeiese-
HUEe?

4. Chopmynupyiite mpaBuiio «rpex curm». Ha yeM oHO OCHOBa-
HO, KaK MIPUMEHSETCS Ha MPAKTHUKE?
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5. B ueM 3akitodaeTcsi CyluHOCTh METOIa MAKCUMAJIBHOTO MPaB-
nomnonobus? Jlaiite ompeneneHne MOHITHIO «(YHKIUS MPaBIONOI0-
ousi». Kak nipu peuieHuu 3agad o0paOOTKH pe3yibTaTOB MHOTOKpAT-
HBIX TPSMBIX WU3MEPEHHI COOTHOCSTCS METOJbl MaKCHUMAaJIbHOTO TMpa-
BJ1000100MS M1 HAUMEHBIIINX KBAIPAaTOB?

6. OxapakTepuszyiTe OCHOBHBIE 3Tanbl (HOPMUPOBAHUS TOYEU-
HOM OLICHKH IO pe3yJibTaTaM MHOTOKPATHBIX MPSIMBIX U3MEpEeHU (Hu-
3UYE€CKOU BEJIMYMHBI. ANUIINTE aHATUTUYECKUE BBIPAKEHUS [ pac-
4yeTa CpelHer0 apuPMETUYECKOro U TUCTIIEPCUM CPEHEr0 apudmeTu-
YECKOTO.

7. Kak ¢opmupyercs nHTepBajibHas OlleHKa? B uem cxoacTBO U
pazInure WHTEPBAIBHOM M TOUYEUHOW OIEHOK? UTO Takoe IoBepH-
TeJIbHAas BEPOATHOCTD?

8. Kak mpencraBuTh pe3ynbTaT U3MEPEHUs B CTaHIapTHOH ¢op-
Me? KakoBbl OCHOBHBIE MpaBWJIa OKPYTJEHUS PE3yIbTaTOB H3MeEpe-
HUM?

9. IlocTpoliTe TOYEUHYIO OIIEHKY IO pe3yjbTaTaM H3MEPEHUH
BEJIMUMHBI X. 3alUIINATE pe3ybTaT B CTaHAAPTHON hopMme.

B pesynbTaTe mamMepeHuil ObUIM MOJYYEHbI CIEAYIOIIME 3Haye-
HUS BEJIMYUHBI X!

Bapwuant 1: 7,08; 7,37, 6,89; 7,24; 7,19.

Bapwuant 2: 6,07; 6,45; 6,89; 6,34; 7,01.

Bapuanrt 3: 4,11; 4,31, 4,83; 4,28; 4,29.

Bapuant 4: 9,02; 9,25; 8,99; 9,44, 9,15.

10. Ilo pe3ynbTaTaM M3MEPEHHUI BEJIWYUHBI X MOCTPOUTE WH-
TePBAIBHYIO OIIEHKY JJIs JoBepuTelbHOM BeposTHocTh 0,98. 3amm-
HIUTE pe3yJbTaT B CTAHAAPTHOU opme.

B pesynbTaTe m3amepeHuil ObUTM MOJIyYEHBbI CIEAYIOIIUE 3Haye-
HUS BEJIMYUHBI X!

Bapwuant 1: 1,08; 1,37; 1,49; 1,24, 1,19.

Bapuant 2: 5,07; 5,45; 5,89; 5,34; 5,01.

Bapuant 3: 6,13; 6,31; 6,63; 6,28; 6,29.

Bapwuant 4: 2,03; 2,33; 2,19; 2,22; 2,15.

11. Kak opMupyeTcst OlleHKa TOUHOCTH Pe3yJIbTaTa U3MEPEHUIN
B NIPUCYTCTBHUU CHUCTEMATHYECKUX MoOrpenrHocTeii? UTto Takoe «cym-
MapHas MOrPEIIHOCTb»?
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I'maBa 3
O0padoTKa pe3yIbTATOB KOCBEHHBIX H3MeEPeHuil

B reone3ndeckon IMpakTUKE 4acTO UMEKOT JIEJI0 HE C BEJIMYMHA-
MH, U3MEPEHHBIMU HEMOCPEJICTBEHHO, TO €CTh METOJIOM MPSIMbIX W3-
MepeHHi, a ¢ uX (YHKUUSIMHU, TO €CTh BEJIMYMHAMH, 3HAUCHUSI KOTO-
PBIX TIOJIYYEHBI B IPOLIECCE KOCBEHHBIX N3MEPECHUN.

Tak, YKIIOH JIMHUU ONPEAEIAIOT KaK OTHOIIEHHE HENOCPEICT-
BEHHO WU3MEPEHHBIX MNPEBBIICHUSA W JJIMHBI JIMHUU. [[JIMHY JWMHUH,
HEIOCTYIHYIO JJI1 HEMOCPEACTBEHHOIO HU3MEPEHUSA, HAXOMSAT U3 pe-
HICHUS TPEYTOJIbHUKA C UCIOJIb30BAHUEM JIAHHBIX O HEMOCPEACTBEHHO
U3MEPEHHOW 0a3MCHOM CTOPOHE W TOpU30OHTaNbHBIX yriax. [lnomans
3€MEJIBLHOI0 y4acTKa MPSIMOYTOJILHOU (DOPMBI BBEIYUCIISIOT KaK MPOMU3-
BEJCHUE HEMOCPEICTBEHHO U3MEPEHHBIX JJIMHBI U IIMPUHBI YYACTKA.
[lepeueHb MOJOOHBIX TPUMEPOB MOKHO MPOJOKUTE. [loaTOMYy BO3-
HUKaeT 3aja4ya oOpaOOTKM KOCBEHHBIX HM3MEPEHUM, B TMEPBYIO OUe-
pelb, OMpeaAcICHUs MOrPEITHOCTH (YHKIIMUA BEJIMYMH, U3MEPEHHBIX
IPSIMBIM METOAOM, IO pe3yjbTaTaM OLIEHKUA CPEIHEKBAAPATUUYECKOU
MOTPEIIHOCTH  MHOTOKPATHBIX  MOPSIMBIX HW3MEPEHUM  BEJIUYMWH-
apryMEHTOB WJIM JaHHBIX 00 M3BECTHBIX CPEIAHEKBAJIPATUUECKUX OT-
KJIOHCHUSAX TEHEPAJIbHBIX COBOKYIHOCTEW pPE3yJIbTaTOB H3MEPECHUU
BEJIMYUH-APTYMEHTOB.

§ 3.1 IlorpemHocTh (PYHKIMHU OAHOI NepeMeHHOM
[lycte 3amana HempepbiBHasA U auddepeniupyemas (QyHKIUS
y = f(Xx). PaccmoTpum npsimyto 3agady, KOTja 1o pe3yjibTaraM H3-

MEpPEHUS BEJIWYMHBI X BBIYUCIAETCS 3HAUYCHUE CBSI3aHHOU C HEM Be-
auurHbl Y. [IpuMepoM MOXKET CIyKUTh BBIYMCICHUE 3HAYEHHS TPH-

TOHOMETPHYECKOH (DYHKIMH, COOTBETCTBYIOIICE HM3MEPEHHOMY 3Ha-
YEeHUIO yria. B 3ToM citydae orieHKa 3Ha4eHHs (DYHKIIMK BHIYHCISACTCS
kak Y = f(X). IIpu 5TOM BO3HHMKAECT BOIIPOC, KAK CBSI3aHbI 3HAYCHUS
o 2
JMCTICPCUI TIOJTYYCHHBIX OLICHOK, €CJIM U3BECTHO 3HAYCHUE S | ?

Paccmotpum cxemy, npejactaBieHHyIo Ha pucyHke 3.1. OueBu-
HO, 4TO TOJBKO B TOM CJIy4yae, KOrJla 3HaYCHHE apryMEHTa X U3BECTHO
TOYHO, BO3MOKHO OJIHO3Ha4HOE OTOOpaxkeHue X® y. DyHKIHO-

HaJIbHOE TpeoOpa3zoBanue Y = f(X) mpuBOAWT K OTOOpaKCHHIO 3HA-
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YEeHHs] apryMEHTa X, B 3HaueHue QyHKuuu y,. Ecau 3HaueHue apry-
MEHTa U3MEHUTCS Ha BEJIMYMHY NOrpemHocT DX, To HoBOMy 3Haue-
HUIO aprymMeHTa X, + DX Oyzmer cooTBeTCTBOBaTh M3MEHUBIIEECS 3HA-
yenne ¢QyHKkuuu Y,+Dy, rne Dy — morpemHocTs ompenenacHus

GyHKLIMH.
Onpenenum cBsa3b Dy u DX.

JI1s1 3TOro UCIOJb3yeM U3BECTHYIO U3 Kypca MaT€MaTHYECKOTO
aHanusza meopemy Teunopa.

y
y=1(x)

yO+ALyC //
Yo + Ay
Yo

dy/ dx
—@ O >
X, X,t+Ax &

Puc. 3.1. Casb norperinoctu Gynkimu Y = f(X)
C IOTPEIIHOCTBIO apTyMeHTa

CornacHo 3To# TeopeMme 3HaUeHue HenpepbiBHOU nuddepeHun-
pyemoii ¢pyukiuu Y = f(X) B okpecTHOCTH (PMKCHPOBAHHOIO 3HAYEC-

HUS apryMEHTa X, MOKET OBITb IIPEICTABICHO B BUJE OECKOHEUYHOTO
psana Teinopa cieayromero BUaa:

f(k)(x) - )
1T(DX) :

— k-as mpoumsBonmHas (QyHKIMM y B TOUYKE X=X,

Qo

Yo+ Dy = f (% +Dx)=f(x)+
rie fY(x) -

k=1¥%; kl=152>...0k.
[Ipennonarasi, 4To norpemHocTs DX Mana, u mo3ToMy npeHeo-

peras BKJIaJOM B Pe3yJIbTAaT BCEX WICHOB Pa3JIOKCHUS (DYHKIIMH B PSIJT
Teitopa, kpome IEepBOro (JIMHEHHOTO), MOJTYIUM COOTHOIIICHHE

x
1l
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Dy =y + Y o
x|,y
OTkyza cienyer, 4to

Dy = Y ox

dx
Eciu npeanonoxurs, 4TO MOrPEIIHOCTh U3MEPEHUS BEJTUUYUHBI
X SBJSAETCSA CIYYalHOW BEJIIMYMHOM, PACHPEAECICHHOW IO HOpMallb-
HOMY 3aKOHY, TO IIOJIyY4EHHOE COOTHOLIEHUE ITO3BOJISIET CBI3aTh JIUC-
MepCUM apryMeHTa u QyHKIMU. DTH JUCIIEPCUHU UCIIOJIB3YIOTCS B Ka-
YECTBE MEpP COOTBETCTBYIOIIMX CIYYalHBIX MOrpemHocTerd. OueBu-

HO, 4TO

oy =S Doy
" Saxp
IIprmeHsis K ITpaBOM U JIEBOM YAaCTH 3TOTO PABEHCTBA ONEPALIUIO
ONPEAECICHU MaTeMaTUYECKOro OXXUIaHUs, HU3BECTHYI0 M3 Kypca
TEOPUU BEPOATHOCTEM, IOTYUUM

a8 oy B O 2
mi(OY)] =5 § =S D97 =E0 2 s

Takum o00pa3zoM, aucnepcusi (PyHKIMU paBHA MPOU3BEACHUIO
JTUCIIEPCUU apTyMEHTa Ha KBAJApaT MEepBON MPOU3BOAHOM 3TON (yHK-
105028

OTO K€ COOTHOIICHUE HCIIOJB3YKOT MU B TOM CJlIy4dac, CCIH I10-
I'PCIIHOCTDb XapPaKTCPU3YCTCA HC TOYHBIM 3HAYCHUCM IOUCIICPCHUU Sf

reHepaabHOM COBOKYIHOCTH, a €€ OLEHKOU S ; chopMupOBaHHOU I10

pe3yJibTaTaM KOHEYHOTO YHCIia U3MEPECHUM.

PaccMoTpeHHBIM MOAXOA K ONPENCIICHUID CBSI3M MEXIY IO-
I'PEIIHOCTSIMUA apryMeHTa M ()YHKIIMH, OCHOBAaH Ha TOM, YTO B Majioi
OKPECTHOCTH TOYKH X, pealibHas HelMHeHas 3aBucuMocth Y = f(X)

3aMEHAECTCS JIMHEWHOM 3aBUCUMOCTBIO. TaHTEHC yrIyia HaKJIOHA 3TOM
NpSIMON OTHOCHTEIILHO OCH X paBeH IepBoii mpousBoaHou dy/ dx B

TOYKE X,. YKa3aHHas OKPECTHOCTh JOJDKHA OBITh HACTOJIBKO Mo,
uro Y, +Dy» Yy, +D_ Yy (cMm. pucynok 3.1). OueBuanHo, 4TO BO3pacra-
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HUE TMOTPENTHOCTA U3MEPEHHSI apryMeHTa X MPUBOAHUT K TOMY, YTO
COOTHOIIICHHE S 5 =(dy/ dx)’s ? nepecraer NpaBUILHO OTPaXKaTh
3Ha4YeHUe Aucrepcuu GyHKuu Y. [IpudamHoi 3TOTO SIBISETCS, MPEK-
JIe BCEro, U3MEHEHHUE BHUJIA 3aKOHA PACHPEECIICHUS CIIyYalHOW BEIU-
YUHBI [IPU €€ HeJIMHEHHOM npeoOpa3zoBaHuu. M3BeCTHO, eclid Ciiydaii-
Hasl BEJIMYMHA X CBS3aHA CO CIyYallHOW BEJIMYMHOM Y HEIMHEHWHBIM
npeobpasoBanuem (pyukuumeit) X =w(y), rne w=f ' — pynxuus,
obpatHas Y = f(X), 1 uU3BecTHA IJIOTHOCTh pacHpeC/ICHUs BEPOST-
HOCTH P(X), TO IJIOTHOCTh pacmlpecieHus BeposaTHocTH P(Y) ompe-
JESETCs KaK

p(Y) = P A
dy
Ecnu npenmonoxuth (kak 00BIYHO), UTO apryMEHT X pacIpejie-
JICH 110 HOPMAaJIbHOMY 3aKOHY
p()() = ;expé_ Mg
/sz 2 g 25 2 H,
a apryMeHT M (YHKIHUS CBA3aHBI CTEIEHHON 3aBHCHMOCTBIO X = Y,
torga Ox/dy =ky“*', a mIoTHOCTH pacmperelcHHs BEpOSTHOCTH Be-
JMYUHBL Y TIPeoOpa3yeTcs K BUAY
k-1 z k —K\2
_ Ky expl. (v - ¥

p(Y) W : o5 2

[Tpu nuHEHHOM THpeoOpa3oBaHuu, korda K =1, Bua 3aKoHa pac-
npeaeneHns He Meusercs. [loaromy nuHeapusaus GpyHKIHOHAIBHOMR
3aBucuMocT Y = f(X) myTem ee 3aMeHbI TIEpBOI MMPOU3BOIHON B OK-

Ny

PECTHOCTU TOYKHU X, IIPUBOIUT K TOMY, YTO HE TOJIBKO apI'yMEHT, HO U
GyHKIMS pacnpeiesieHbl IO HOPMaJbHOMY 3aKOHY .

§ 3.2 IlorpemHocTh GPYHKIMH HECKOJBKHX MepeMeHHbIX

[Tycts dpusnueckas Bennuuna h= f(z,z,,...,2) sBusercs pyHK-
Ue N BEMUYUH Z,Z,,...;ee, Z yeory Z,, KOKIAS U3 KOTOPBIX HM3MEpPEHA
HEMOCPEJCTBEHHO (METOOM TPSIMBIX M3MEPEHHH C TOTPEIIHOCTHIO,

o o 2 s a4
XapakTepusyemoii aucnepeued s ;, rae 1 =1,n). [peanonoxum, 4ro

Kaxaplii u3 aprymenToB ¢yakmun f(z,z,,...,Z) u3MeHWICS Ha Ma-
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ayro BenuuuHy Dz <<z . 3HaueHue (QyHKIMU B 3TOM CIIy4yae TaKKe

U3MEHUTCS:
h+DBh= f(z +Dz,z +Dz,...,z, +Dz)).
Paznoxum 3Ty yHKIMI0O B MHOTOMEpHbIN psan Teitnopa, orpa-
HUYMBASICh B CHIIy MAJIOCTH 3HaUeHUN DZ NrMHEWHBIMU 4leHaMU pas-

JIOJKCHUS.

h+Dh= f(2,2,.. zn>+%Dzl+—Dzz+ +—Dzn-

=f(z,2,..,2)+ —D..
(2,2,,-,2,) 9111; Z

Otkyna
f
=a-—Dz.
i-1 112
Bo3Bojisl 1ipaBy1o M JIEBYIO YAaCTH PAaBEHCTBA B KBaJApaT U MpU-
MEHsISI K 00€MM 4acTsM OIepalfio MaTEMAaTHYECKOTO OKHUIAHUsI, T10-

JIYYUM

m{(Dh)?] = mga i " 7 8 =

24
én 2 n n U
=med £ 20z 424 & T 1 pypg
Bi=1 1z o i:1j:1,11|ﬂz.ﬂ o]

Coalf 6, LU _ o g Tf f
:mgaa-[_—(Dzl) u+2ma a TI_T[_DZI

@ ﬂz|ﬂ g —1]1]1|ﬂ ﬂz ﬂ
Hf 0

g qf qf
—-m( Ylv2a & L moz)m(Dz).
gﬂ; 4] [ DZ ] i=1j=1,j%i ﬂz| ﬂzj Z| J

rone M(-) — omepaius ONpeneaCHUS MATEMATHYCCKOI'O OKHIAHUI.
Hanpumep, 11t BeIHYuHbI N 3Ta onepaius HMEeT BU/

m(h) = @p(h)dn,

Wh
p(h) — mmoTtHOCTH pacmpenencHus BEPOATHOCTH BEIWYUHBI h;
W, — obnacTb BO3MOKHBIX 3HaueHMH BennunHbl N. Torma
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m[(Dh)?]1 = gh- m(h)]*h(h)dh=s Z;

Wh

m{(Dx)*] = gx - m(x)]° p(x)dx =s ;

m(Dx) = gx- m(x)] p(x)dx = oxp(x)dx - m(x) =m(x) - m(x) =0.

WX WX
OKOH‘I&TGHBHOG Bblpa)KeHI/Ie I/IMGCT BUI
n
& oAf o g2
=d g -
i1 ﬂzl

Ecnu ucnonnp30BaTh B Ka4eCTBE MCPBI IIOI'PCITHOCTH U3MCPCHUA
BEJIMYMHEI BCIIMUHUHY CPCAHCKBAAPATUICCKOI'O OTKIOHCHUS, TO

5 |gafo_,
o Ay, o

DTO0 BBIpOKCHHE UMEET OOIIMIA XapaKTep, H €ro MOYKHO HCIIOJIb-
30BaTh JJIs OICHUBAHUS IOIPEIIHOCTH KOCBEHHOI'O HM3MEPCHUS, BBI-
HOJHEHHOTO 1pH JitodoMm Buje ¢dynkumu h= f(z,z,,...,z). IIpu aTom

BMECTO TOYHBIX 3HAYCHUH S X MOI'YT HCIIOJIB30BATHCA HUX HpI/I6J'II/I-

a(xIJ X):=tS, /</n. Onnako
( '1) j=1

CICAYCT IIOMHUTD, 4YTO IIPU HCIIOCPCACTBCHHLIX pacucTax H€O6XOI[I/I-
MO HOACTABJIATH INOT'PCITHOCTHU S (_, HafII[eHHI)IG 1 OJHOI'O U TOI'O

KeHHble 3Havenus S § =t,

e 3HAYCHUS JOBEPUTEIHHON BEPOATHOCTHU. [lorpentHocTh KOCBEHHO-
ro HM3MEPEHHs BEIMYMHBI N Takke OyJeT COOTBETCTBOBATH ITOMY
3HAUYCHHUIO JTIOBEPUTEIHLHON BEpPOSATHOCTU. Yale BCEro HCMOIb3YIOT
3HAUYCHHE JOBEPUTEIHHON BeposTHOCTH, paBHoe 0,68. To ectb mpwu
OMNpEICTICHUN TTOTPEIIHOCTH KOCBEHHBIX M3MEPEHHUU YYHUTBIBAIOT TO-
YEUHbIC OIEHKU BEIWYMH-apTyMEHTOB. Kak u B ciyuae ompeacieHus
MOTPENTHOCTH (DYHKIIMKA OJHOM MEPEMEHHOU CIIeyeT MOMHUTbH, UTO
MOJIYYCHHOE COOTHOIIICHHE TSI ONIPEICIICHHS TTOTPEITHOCTH (PyHKIIHH
HECKOJIbKUX TEPEMEHHBIX CIPABEJIMBO TMPU MAJIBIX 3HAYCHUSAX II0-
I'PELIHOCTEN apryMEHTOB.

3aMeTuM, YTO TIOJIyYCHHBIC COOTHOIIEHHUS IS OIpeaSiICHUs
TUCTIEPCUN U CPEIHEKBAJIPAaTUYECKOTO OTKJIOHEHUS (PYHKIUU He-
CKOJIBKMX apTyYMEHTOB CITPaBEJIJIUBHI B ClTydae, KOraa pe3yabTaThl U3-

62



MEpPEHUs BEIUYUH Z,Z,,...,Z, He3aBUCUMBbI. MlHOrga 310 yCciaoBuE He
BBINTOJIHAETCSA. CTaTUCTUYECKYIO CBSI3b NIEPEMEHHBIX Z,,Z,,...,Z, ONIpe-
JIEJISIET KOBApHUALIMOHHAS ManI/IHa

é s; k,s,S, - ks,s,U

2 u

HRH—gk S S 2 SZZ s anS ZZSZnL,,I
v 0
» U

SkMS S, KS,S, .. S, 0

2
20"

.,S 2

2 v
rne s,, S . — AUCICPCHH PC3YJIbTATOB U3MCPCHUH BCIMYHMH

2,,2,,...2, (I,] =1 2,..., n), Kj = kji — K03 HUIIHCHTBI Koppeaayuu
PE3yJIbTATOB U3MEPECHHI JUIS KaXJIOW Maphl -0 M j-0f BEJIMYHH, OT-
paxkaromue crenenb ux Banmocessu (- 1Ek, £1; k; =k; =1; k; =0
— JIJISL pe3yJIbTaTOB HE3aBUCHUMBIX U3MEPCHHH).

B ciydae 3aBHUCUMBIX MOTpENIHOCTEH GopMmyra I ompenese-
HUS AUCTICPCUH QYHKIIMU IEPEMEHHbBIX Z,,Z, ,...,Z, PUHAMACT BU]L

n n n
dafo_, .9 il
:ag—zs&z S.S_ .
=2z ] z° z
i-1872 o i=1 j=1,i1 1z ﬂ
ITpuMep 3aBUCUMBIX BEJIUYUH B MPAKTUKE TE€OJIE3UUECKUX U3ME-
PEHUM Mar0T U3MEPEHUS CMEXHBIX YTJIOB CIIOCOOOM KPYTOBBIX MpHE-

MOB. B camom ACJC, €CJIM YMCHbBIIACTCA N3MCPCHHOC 3HAUYCHUC YIJId
b y TO HEeN30EKHO YBCIINYUBACTCA U3MCPCHHOC 3HAYCHHC CMCIKHOI'O

eMy yria U HaoO0opot. JlaHHOe O0OCTOSITENBCTBO MOPOXKAAET OTpPHULIA-
TEJIbHYI0 CTAaTUCTHUYECKYIO CBSI3b C KOA(DPUIUMEHTOM KOPpPEsIuu
k=-05.

B nanbheiimem oaHako OyneT mpeanonaratbes, 4YTo apryMeHThI
COOTBETCTBYIOIIUX (DYHKLUM MPU KOCBEHHBIX M3MEPEHUSX SBIISIFOTCS
HE3aBUCUMBIMH ITI€PEMEHHBIMU.

PaccMOTpUM HECKOJIBKO XapaKTEPHBIX MPUMEPOB JUISI YACTHBIX
cmydaeB ¢ynkmun h= f(z,z,...,Z), dacro BcTpeuarommxcs Ha

MPAKTHUKE.
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§ 3.3 [IpumeHeHUEe METOUKHU OIl€HMBAHUS MOTPEIIHOCTH
(pyHKIMM HECKOJIbKHUX NMEePEeMEHHbIX NPU pPelIeHNH
YaCTHBIX 3a/1a4

3.3.1 Pacuem nozpeuwinocmu a0OumueHoil (hyHKyuu.
[Tycth dyHkims h sBiaseTcs aqauTHBHON (QYHKIIMEH TpeX apry-
MEHTOB X,Y,Z, U3MEPEHHBIX C MOTPEIIHOCTAMU, UMECIOIIUMH JTUCIIEP-

cuns;,S.,S::
h=taxtbyz+cz,
rae a,b,c —nocrosHEbBIE KOADPHUITUCHTHI.

Torga
sy =(Th/x)’s ; +(Th/fly)’s ; +(Th/fiz)’s  =a’s ; +b’s  +¢’s ..
B cinydyae mpow3BOJIBHOTO 4Mcia N apryMeHToB X, | :]71 an-

n
o o o
auTuBHOM QyHKumu h=Q (&)X , rme & — mocTOsSHHBIN Kodhduiu-
i=1
CHT MPH MePEMEHHON X , aHATIOTHYHOE COOTHOIICHNE UMEET BH/L

n
2 _ 08 2.2
s;=aa’s;,
i=1
rac S i — JUCIICPCHUA ITOTPCINHOCTHU U3MCHCHU A XI .

YacTo BcTpeuyaeTcsi cUTyalus, Korjaa Bce Kod(PPUIMEHTHI cra-
raembIx agauTUBHON pyHkuuu @ =1. B stom ciyuae dopmyna nis

pacuera gucnepcuu GyHKIMU h umeer BU
n
si=as:’,
i=1
TO €CThb JUCIIEPCUSI CYMMBI CJIAra€MbIX paBHa CyMME JAUCIEPCUM Clia-
racMblIX.

BaxxHO OTMETHUTBH, YTO BHE 3aBUCUMOCTH OT 3HAaKa II€pei OT-
JNEIbHBIMU CJIaraeMbIMU QJIUTUBHON (DYHKIIMU YaCThI€ COCTaBIISIO-
1IM€ TTOrPEIIHOCTH BCETAA CKIIAIBIBAIOTCS.

Cnenyer oOpaTUTh BHUMAaHHE Ha TO, YTO JUHCHHBIA (B JTaHHOM
ciydae) xapakTep GYHKIHMH N MO3BOJISET CHATh OIpaHUYCHHS Ha Be-

JIUYUHY S f,S 5,3 22 dopmyna s AUCTIEPCUHN JIUHEHHOW ()YHKIIUM

2 ~ o
S n CHpaBCAJINBa IJIsd JFOOBIX 3HAUYCHUU AUCIICPCHUHU apT'YMCHTOB.
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PaccmoTpum dacTHBIN cirydait muHelHOW QyHKIMU N, KoTIa oHa

SABIISACTCA CpeJ:[HI/IM apI/IqJMeTI/IquKI/IM BCIINUHUH {XI}; , TO €CTh

o

a X

== a ()% .
n

Y4uThIBast, YTO B ITOM CIlIy4yae BCE X IMPUHAMNIECKAT K OAHOM re-

HEpaJbHOW COBOKYITHOCTH WM 00JIalal0T OJWHAKOBOW JHUCHEPCUEH
S, =S °, IONyunM CIIeIyIomee COOTHOMEHNE:
J g n s?
=a (Th/x)’s; =a (n)’s*=(n")’s al-—2 f==,
i=1 i=1 i=1 n n
NMEeHHO 3TO BBIpaXEHHUE JIJI ONPEICICHUS JUCTIEPCUN CPETHETO
apuMeTHIecKoro ObUIO MCIOJNB30BaHO B 82.5 mpu dopmupoBaHUM
TOYEYHON M MHTEPBAJIBHON OIIEHOK pPe3yJIbTaTOB MHOTOKPATHBIX H3-
MEPEHUM.
BaxxHO OTMETUTB, YTO JUCIIEPCUS CPEIHEro apu(PMEeTHUECKOro
psga {)g}: cilaraeMbix B N pa3 MEHbIIE AUCIEPCUU CYMMbI 3TUX Clia-
racMbIX.

3.3.2 Pacuem nozpeuwtHocmu MyabmMunIuKamueHou yukuyuu
[Tycts Teneps GyHKIMSA N SABIISETCS MYyIbTUILIMKATUBHON (DYHK-
IUCH apryMeHTOB X,Y,Z, U3MEPEHHBIX C IMOTPEIIHOCTSIMH, UMECIOIIIH-

2 2 2
MU TUCIEPCHH S | ,S |,S |
h=+ax*?y*z",
rne ta,xb,+ 0 — HOOCTOSHHBIC ITOKa3aTejd CTCIICHU 4YaCTHBIX CO-

MHOXUTENIEN (QYyHKIUU.
Torna

sn=(Th/1x)’s 2+ (Th/fly)’s ; +(Th/f2)°s ? =
= (aax* 'y*"z9)%s ; + (abx** y**'z2")%s ! + (agx* y*" 29")’s ;
PasgenuM  1paByr0 M JIEBYK0 YaCTH  BBIP@KCHHMS  Ha
2 =(ax™y* z*9)?, momyunm
s /h*=a’*s;/x*+b*s;/y*+g%s./Z.
Eciu  BBECTM  OTHOCUTENBHBIE  3HAYEHUS  JUCIIEPCHUM
d.=s;/h* di=s;/x* d;=s;/y*. d?=s /7, Bepaxenue pis
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OLICHKA MOTPEITHOCTH MYJbTUIUIMKATUBHON (YHKIMU NPUOOPETET
IIPOCTOU BUJT
2 242 242 24 2
d, =a“d; +b"d; +g°d,.
My TUIIMKATUBHOM byHKIMU IIPOU3BOJIBHOI'O BHUJA

g
h=Q x™, rae @, =|+a,| — Moy MOKa3aTels CTCNCHU apryMeHTa
et

X, @aHAJJOTHYHOE COOTHOLIEHNE UMEET BUJ

n
2 _ 8 212
dh _aal dXi7
i=1

SZ

2 — A
rac dx, - —); — OTHOCUTCIIbHAA JUCIICPCUS ITOTPCIIHOCTH M3MCHCHUSA )ﬂ .

X
JU1st MyIbTUIUIMKATUBHON (DYHKUIMU OTHOCHUTEJIbHASL JUCIIEPCHUS
IIOIPELIHOCTU PaBHA CyMME JUCIIEPCUUA OTHOCUTEINIBHBIX ITOTPELIHO-
CTEH COMHOXHUTENEH ¢ KO3 (ULIMEHTaMU, paBHBIMU KBaJpaTy IOKa-
3aTess CTEIEHU COOTBETCTBYIOLIErO apryMEHTa.
J1Jist 4acTHOTO Ciiy4yasi MyJbTUILUTMKATUBHOW (PYHKIIMH, KOTJIa BCE

3HAUEHMS TOKa3aTeleil cTeneHn coMHoxutened *a, =1, popmyna
JUISl pacyeTa OTHOCUTENIbHOM AucCTiepcur (YHKIIMA UMEET BUJ

n
2 _ 8 2
i=1
DTOT pe3ypTarT MOJIE3HO CPABHUTH C PE3YyJIbTATOM OIpPEAEICHUS
JIUCIIEPCUN OLEHKU B BHJIE CPEIHEr0 r€OMETPUYECKOr0, CPOpPMHUPO-
BAHHOW II0 COBOKYIHOCTH PE3YJIbTATOB HU3MEPEHUMU {Xi}:, TO €CTh
MYJIbTHILTMKATHBHON QyHKIMU h Buma

2 1/n
h=0x"".
i=1
[Tosryuum crneayroniee COOTHOIIEHUE:
n
2 _ ~-228 2
d,=n"ad;.
i=1
Takum 00pa3oM, OTHOCHUTENbHAS UCTIEPCUS MPOU3BEACHUSA PAa

{)(,};1 COMHOXkMUTeNIEH B N° pa3 GoJbIe OTHOCUTEILHOM JMCIIEPCHH

CPEAHETO T€OMETPUUECKOTO ITUX COMHOKUTEIIEH .
VYuuThiBasi, UTO cpelHEe T€OMETPUUECKOE U cpe/iHee apupMeTH-
YECKOE YaCTO MCIIOJIB3YIOTCS B Ka4ECTBE OLICHOK M3MEPSAEMOW BEJIU-
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YUHBI 110 JAHHBIM U3MEPEHUU {X,}f 11eJ1eCO00pa3HO YCTaHOBUTH, Ka-
Kasi U3 ITHX OIICHOK 00JIaJaeT MEHbIeH aucnepcueit. Paccmorpum

n
2 - A28 2 2 a2 2
coornomenune d; =n"gd, . Vurem, uro Bce d, =S, /X wuMmewT
i=1
OJIMHAKOBBI YMCIUTENb S 2, a OTJIMYAIOTCA TOJIBKO 3HAMEHATEJIEM.

HOSTOM}’ CHUMBOJI S x MOXCET OBITH BEIHECEH 3a 3HAK CYMMBI.

a5
U3sBecTHO, uto X2 = =¢a ——
&4 n g

ABJACTCA CPCIAHUM

CTETIEHHBIM C [TOKA3aTEJIEM CTEIIEHH, PaBHbIM - 2. YUTeM TaKXke, YTO
K LK

A ) 0
—_ 1/n — — (0
h=0x"=liméa X2 =%,
i= k®0gi1 N g
TO €CTh CpEIHEE I'€OMETPHYECKOE SBJICTCS CPEIHWM CTCIICH-
HBIM C [TOKA3aTeJIeM CTEIICHH, PABHBIM HYIIIO. Tor):[a

SZ

— X

n

[TonydeHHOE BBIpaXEHUE TMO3BOJSIET CPABHUTH JUCIEPCUU
CPEAHEr0 TEOMETPUUYECKOTO U cpeaHero apudmernyeckoro. C yuerom
TOT0, 4YTO JIsl OOIIEeH COBOKYIMHOCTH HEHYJIEBBIX PE3YyJbTaTOB H3MeE-

ex(o) o

— 2 —
d h* = 8~( 2)u

o n
peHHUU {Xi}1 , BCECT1a BBIIIOJIHACTCS HEPABECHCTBO
)'2'(-2) < )7(0)’
MOXHO YTBEpXAaThb, 4YTO AHCIECPCHA CPECAHCTO apI/I(l)MeTI/IIIeCKOFO
BCCria MCHBIIIC, UYEM I[I/ICHepCI/IH CpCI{HeFO FCOMCTpI/I‘IeCKOFO.

3.3.3 Pacuem oonycmumoii He@A3KU Meo00JUMHO20 X00a

JIaHHBIA TIPUMEP JIEMOHCTPHPYET BO3MOXKHOCTH IMPUMEHEHUS
IPUEMOB 00pPaOOTKH KOCBEHHBIX M3MEPEHHUM B MPAKTHUKE I'eoje3uye-
CKMX m3MepeHuil. bynem momarare, yTo Bce yriel D, TeomommtHOTO

X0J]a M3MEpPEHBl TEXHUYECKUM TeOHOIUTOM. M3MepeHus cumraem
paBHOTOYHBIMHU. CpeJHEKBAaApPATUYECKAsl IOTPEIIHOCTh H3MEPEHUs
BCEX YIJIOB OfIMHAaKoBa S, =S, . [Ipumem, uro s, = 30C.
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OnpenenuM yriioByrO HEBS3KY TEOJOIUTHOIO X01a Ny, Kak pas-

HOCTh CYMM M3MEPEHHBIX 3Ha4eHHUU yTI0B D, u nx ucTuHHBIX (TEeope-

~

THUYECKUX) 3HAYCHUH D, ompenensiemyto o popmyie

n n
o] o
i=1 i=1
B sToMm BeIpakeHnn D, paccMaTpuBarOTCs Kak HE3aBUCHUMEIE TIie-
n

o~
peMeHHbIE, a BeJIMUuHa g b, = const.
i=1
Haxoaum gacTHBIC TIPOU3BOAHBIE (YHKINHU Ng, IO MEPEMEHHBIM

fng, _Tng, _ _fng

ﬂbl ﬂbz e — ﬂbn

Hcnosnb3yst BeIpakeHUE ISl TUCIEPCUU aAAUTUBHON (DYHKIINH,
MOJTy4YUM

=1.

n n n
2 R 2 _82.2_.2821_ 2
Ngp —aSbi —as, _Sbal_nsb'

i=1 i=1 i=1

— 2 a2
Sy, =S¢ =sin.

B kaudecTBe 3Hau€HUS MPEAETbHON HEBS3KH HCTOIB3YEM HUHTEP-
BaJ 3HAYCHUN pPE3yJNbTaTOB M3MEPEHUH, paclpeiesieHHbIX MO HOP-
MaJbHOMY 3aKOHY OTHOCHUTEJIbHO CPEJHEr0, MOSBICHUE JI000TO 3HA-
YeHUsI B KOTOPOM IPOUCXOIUT ¢ BeposiTHOCTHIO HE MeHee 0,95. Cre-
J0BaTEJIbHO

S

Torna

n, =2, =25,Jn.

s
Ecnu IMOACTABUTDb B 9TO BBIPAKCHUC YHUCJICHHOC 3HAYCHHUC CPCI-
HeKBaHpaTquCKOﬁ INOTpCIMHOCTHU TCOAOJIUTHOIO U3MCPCHHA, TO IIO-
JIYIUM NPCACIIBHOC 3HAYCHUC HCBA3KHU TCOAOJIHUTHOTO XO0Ia B 3aBHUCHU-
MOCTH OT 4YMUCJia UBMCPCHHLIX YIJIOB

nbzlflx\/ﬁ.

Sl
Takum oOpa3om, MOJydYeHAa YacTO HCIOJb3yeMas B T€OJC3UU
dhopMyJia peAeabHO JIOMYCTUMOM YTJIOBOM HEBS3KH.
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3.3.4 Pacuem 0onycmumoui He6A3KU HUBETUPHO20 X00d

[TycTh pOJIOKEH HUBEIUPHBIN X0 JJIMHOW L B paBHUHHOU Me-
CTHOCTH, BCJIEACTBUE 3TOTO HA KAXKJBIM KUJIOMETP XOJa IMPUXOAUTCS
NPUMEPHO OJHO M TO )K€ YUCJIO CTaHIUH IPU CPEJHEM PAaCCTOSHUH
MEXIy pelicaMu Ha OJHOHM cTaHmmu | . CrefioBaTenbHO, YHCIO BCEX
CTaHIUK OyaeT Onu3kuM K Bemuumae N=L/1 .

IIpennonaraeM wu3MEpeHUsT HA CTAHUMAX PABHOTOYHBIMHU CO
CPEAHEKBAAPATUYECKON IOIPEIIHOCTBIO S | .

Onpenenum HeBS3Ky HUBEIMPHOTO X04a N, KaK pa3HOCTb CyMM

M3MEPEHHBIX 3HAYEHUH BBICOT N W WX HUCTHHHBIX (TEOPETUYECKHX)

—_~

3HavYeHu# N, ompenensemyro mo Gpopmyse
g, 3=
ng,=ah-ah.
i=1 i=1
B sToM BeIpaxkeHHH N Takke paccMaTpHUBAIOTCS KaK HE3aBUCH-
n
J ~
MbIE TIepeMeHHbIe, a BenmunHa g h =const . [IpunepxuBasich Tex xe
i=1
cOOOpa)KeHH, UTO U MPH ONPEACTICHUN NPEeIbHON HEBA3KH TEO0JI0-
JIUTHOTO XO/1a, HAXOJAWM BHayalleé YacTHBIC MPOHM3BOJHBIC (PyHKIUU
Ng, MO mepeMeHHbIM N :

Th  Th Th,

Hcnosnb3yst BeIpakeHUE ISl TUCIEPCUU aAAUTUBHON (DYHKIINH,
MOJTYy4YUM

n n
s2 =asi=s’al=ns’.
i=1 i=1
Torna
Sy, =yNS{ =s,/n.

B kadecTBe 3HaUCHUS MPEACILHON HEBSA3KH MCIIOIb3YEeM HUHTEP-
BaJ 3HAYCHUU pPE3yJbTATOB HM3MEPCHUMU, PACIPEACICHHBIX 10 HOP-
MaJIbHOMY 3aKOHY OTHOCHTENBHO CPETHETO, MOSBICHUE JII000TO 3HA-
YeHHUSI B KOTOPOM IMPOUCXOJUT ¢ BepoaTHOCThio Oosiee 0,99. Cneno-
BaTEJIBHO

n,=3, =3,Jn

Sh

$h
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Benuuuns S p VDL KAXKAO0I'0 KilaCCa HUBCIIMPOBAHHA YCTAHOBJIC-

Hbl COOTBETCTBYIOIIIMMHM HOPMATUBHBIMM JTOKYMEHTAMHM W SIBJISIOTCS
IIOCTOSHHBIMH JUIA KaXXIOro Kiacca. Bsenem  o00o3HadyeHUeE

h=3,/ JT IloxcraBus ero B popmyity Juist pacyera N, mory4um

nSh :h\/[

DTO COOTHONIIEHHME YacTO MCIOJb3yeTcs B reojaesuu. Ilpuuem
K03(hPuIKEHT N, 3aBUCAIIMI OT KJIacCa HUBEJIMPOBAHUS, IPUHUMAET
CIeAYIOIIME 3HAYCHHUS:

- st HuBenupoBanus |V knacca — 7 = 20 mw;

- TEXHUYECKOTO HUBETUPOBaHUS — 77 = 50 MM.

3.3.5 Pacuem nozpewinocmu Onunvl U OUPEKYUOHHO20 Y2id
ompe3Ka JUHUU, 360AHHO020 08YMA MOUKAMU C U3BECHIHBIMU KOOD-
ounamamu

[IycTh n3MepeHbI MPAMOYTOJIBHBIE KOOPAUHATHI X, Y JBYX TOUYEK
A u B. Cpennue xkBaiparuyeckre MOrpelIHOCTH ONPEAETCHUS KOOP-
juHar S, =S, =S, =S =S . Ilo KoOpAMHATaM BBIYUCIIEHBI JUTH-

Ha d W TUPEKITMOHHEIN yron a otpeska jmaun AB. Tpebyercs om-

pPEACIINTh CPEIHEKBAAPATUYECKUE TOTPEIIHOCTH S 4, S, Oompenene-

Hus BennunH d u a .
JUIMHY TUHUW BBIYUCIISAIOT 11O (popMyIie

d=/(X - X)* + (Yo - Vo)

YacTaple mpon3BoaHbIe (QyHKIMH O MO MEpeMEHHBIM X, Xg,

Y, Yg ONPEACHAIOTCS CIACAYIOIMMU COOTHOIECHUSIMU:

ﬂd = 2(XBZ- XA) - = Xg (-j Xa = - COsa ,
™o 20(X - X)>+ (Vs - Ya)

ﬂ = Ccosa ,

X
ﬂd — 2(yBZ_ yA) ~ — yB(_:I yA — g'na :
A 2\/(XB' X))+ (Vs - Ya)

fd. =dgna.

e
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[ToncraBisieM NOJYYEHHBIE BBIPAXECHUS ISl MPOW3BOJHBIX B
oOl1iee BBIpAXKEHUE ISl CPEAHEKBAIPATUUECKOTO0 OTKIOHEHUSA (PYHK-

n
o S | = \/ é (ﬂf 9z )ZS 2 , IPOBOJISI 3aMEHBI CUMBOJIOB B COOTBET-
i=1

CTBUM C CYIIECTBOM PacCMaTPUBAECMOMU 3a7]a4H, ITOJTyYUM
s, =$/2cosa +2sin*a =$/2.
JIMpEeKIMOHHBINA YToJ BBIYUCIIAIOT 110 (hopmyiie

tga_yB yA
Xg = X,

Jlns ynoOcTBa gajdpHEWIIEro BeUUCIeHU PyHKIuio tga 1ene-
coo0pa3Ho cHavaja Mmposjorapu@mMupoBaTh.
Intga = ln(yB - yA) B ln(XB B XA)'
[Tockonbky (YHKIIMS 3aaHa B HESIBHOM BHJIE€, BBIUUCIISIEM TIPO-
V3BOJHYIO JIEBOM YAaCTH 3TOTO BBIPAKEHMUS:

(ntgaye=—+ =1
tga xcos’a  sina >cosa
Torpa yacTHble MPOU3BOAHBIE PYHKIMHU & M0 MEPEMEHHBIM X,, X,
Y, Yg ONPENEHSAOTCs CIEAYOIHUMHU COOTHOLIEHUSMMU:
ffa _snacosa _sina .

X, Xg = X, d
fa _ sna
>, d’
fa _sina>cosa _ cosa
ﬂyA Y- Ya d 1
ffa _ cosa
Ty, d

[ToncraBisieM NONYYEHHBIE BBIPAXKEHUS MJISI MPOWU3BOJHBIX B
oOl1iee BBIpAXKEHUE ISl CPEAHEKBAIPATUUECKOTO OTKIOHEHUS (PYyHK-

n
o S, = \/ a (1t /9z Fs i , IPOBO/JISL 3aMEHBI CUMBOJIOB B COOTBETCT-
i=1

BHUU C CYILIECTBOM pacCMaTPUBAEMOM 3a1a4H, TOTyIUM

SV2.

S :S—\/Zcosza +2sin‘a ===
d d

a
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Jlist mepexona OT paJMaHHOM MEphI K T'paJlyCHON HEOOXOAMMO
YMHOXHTH TPaBYIO 4acTh Ha BeaUuuHy I = 3438 (4uciio MUHYT B pa-

nuane). Torga MOIydYHMM OKOHYATEIBHOE BBHIPAKEHHE UL CpeHe-
KBaIPATUUECKON MOIPEIHOCTH ONPEAETIEH s AUPEKIIMOHHOIO yIJla
ST /2
s, =22,
d
Takum 00pa3oM, MOTPENIHOCTh AUPEKIIMOHHOTO YIJIa, BBIUKC-
JIEHHOTO TI0 KOOPAMHATAM KOHIIOB OTPE3Ka MPSIMOU JIMHHUU, 0OPaTHO
HpOHOpHHOHaJILHa JJIWNHE 3TOI'0 OTpGBKa.

3.3.6 C(peonexeaopamuueckas nozpewiHocms pazHocmeil
0BOIIHBIX UMEPEHUIL

B reone3unueckoil mpakTuke 0coOyr0 pojb OTBOAST OJAHOPOAHBIM
JBOMHBIM n3MepeHusiM. K Takum u3MepeHusIM OTHOCSITCS

- UI3MEPEHHUS ITTUHBI IMHUW B IPSIMOM M OOpaTHOM HAIpPaBIICHUSX;

- UI3MEPEHUS T€OI0JUTOM IIPU KPYTE BIPABO U KPYTE BIICBO;

- UI3MEPEHMUS 110 IByM CTOPOHAM PEWKU U JIP.

MeToa ABOMHBIX U3MEPEHUN OJHON U TOU K€ BEJIIMYUHBI LIUPO-
KO TMPUMEHSETCS TMPHU HCCIACAOBAHUU TPUOOPOB W HMHCTPYMEHTOB,
V3YyUYEHUH YCJIOBHUM, B KOTOPBIX MPOU3BOIATCS U3MEPEHUS.

OLEHKY NOTPEIIHOCTEN TAaKUX H3MEPEHUN TAaKXKE IMPOBOMST C
UCIIOJb30BaHueM (opMyd Jii 00pabOTKU KOCBEHHBIX H3MEPEHUM.
DTO CBS3aHO C TEM, YTO KaXIbIi pe3ynbTaT d JBOHWHBIX U3MEPCHHIA
SABJAETCS JIMHEHHOW (QyHKIMEH JBYX apryMeHTOB (pesysbrara X,

IIEPBOIo U3MECPCHUA U PE3YyJIbTaTa BTOPOI'O UBMECPCHUA
2)

d==&n-x®.

Tornma nucnepcus Sj anauTUBHOU (PyHKIMK 0 Kak pe3yibrara

KOCBCHHOI'O U3MEPCHHUS CBs3aHA C IUCHOCPCHUAMH apryMCHTOB S 5(1) u

2
S J,, COOTHOIICHHEM
2 2
Xa X2) "
Tak kak 00a U3MEpEHHUs SIBISIOTCA U3MEPEHUSIMU OJIHOM U TOU

K€ BCIIMYUHBI, ITPOBOAATCA B OJWMHAKOBLIX YCJIOBUAX W C IIOMOIIBIO

Sq=S,, *+S

OJTHOTO M3MEPHUTENILHOIO ITprubopa, TO S 2( =s? =s? Torma

X X(2)

si=2sZ,
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S 3 — JHUCIICPCHUA OJHOKPATHOI'O U3MECPCHUA BCIIMYUHBI X, paBHAA

JIUCTIEPCUM 3aKOHA PACIIPENEIIEHUs] T€HEPAIbHOW COBOKYIIHOCTH pe-
3yJIbTaTOB U3MEPECHUN.
Paccmotrpum Teneps psa U3 N OAHOPOAHBIX JBOMHBIX H3MEpe-

it {d,};, i=1,n, d, = Xayi = Xz - A1 TAHHOM COBOKYITHOCTH JIBOM-
HBIX U3MEPEHHI MOXHO 3aliCaTh CUCTEMY YCIOBHBIX YpaBHECHHUI

{.dl- d=n,

'I' d2 = d :n2

T,

| ~

I d| = d :nl

I lllllllllllllll

| ~

7d_-d=n

n n !

_~

rae N, =d. - d — HeBs3ka ycnoBHOTO ypaBHeHUs; d — olleHKka 3Haue-

HUS PA3HOCTU JIBOMHBIX U3MEPEHUM 10 COBOKYIHOCTH {di}f. ITpume-

HUM MCTOJ HAMMCHBIIINX KBa)IpaTOB, TO €CThH peHIeHI/Ie CUCTCMEI yC-
JIOBHBIX ypaBHeHI/Iﬁ 6YI[CM HCKAaTb IIYTCM MHUHUMU3AIUN CYMMBbI
KBaaApaToB HCBA30K.

n ~

a (d - d)>’® min.

i=1

N3 3T0r0 YyCnoBus CIeayeT, 4To P A0CTAaTOYHO OOIBIIOM N
n

S 4 8 8 4
— a g a (X(l)i - X(2)i a X(l)i a X(2)i
d=it =iz — izl _ izl

n n n n
Torna Hanbonee >ppekTuBHAsT OI[EHKA JAUCIEPCUU MHOTOKpAT-

HBIX [BOMHBIX M3MEPEHUU IPU HYJIECBOM CPEIHEM apH(PMETHUECKOM
d =0 umeer BUn

—~

=X- X=0.

~ ) 5
rne d® — CpeIHEE KBaAPATUYECKOE PE3YIbTATOB JBOMHBIX U3MEpPE-
HUNW. YUYUTBIBasd, 4YTO S j =25 f , TIOJIyYMM COOTHOIIEHUE I IUCTIEep-

2
CHH S |
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ad’ _
s?=s’/2= i:;n =(d®)?/2.

CiienoBatesbHO, CPEHSIS KBAIPpATUYECKasl MOTPEIIHOCTh PAa3HO-

CTU JBYX PAaBHOTOUYHBIX U3MEPEHUU B J2 pa3 OoJibllie cpeiHe KBa-
PaTUYECKOU NOTPETHOCTU OJJHOTO U3MEPEHUS

s, =+/25% =250 @,
TO €CTh CPEIHssA KBaAPAaTUUECKAs MOTPEUIHOCTh KaXXI0r0 pe3yJibTaTra
JAHHOTO psAla U3MEPEHUN paBHA KOPHIO KBAaJAPATHOMY H3 CYMMBI
KBAJApPaTOB PA3HOCTEU IMAPHBIX U3MEPEHUM, JCJIIEHHON HA YUCJIO BCEX
U3MEPEHUM.

PopMyna IoJiydeHa INPU YCIOBUU OTCYTCTBUS B U3MEPECHUAX
CUCTEMAaTUYECKUX morpemnocTterd. ONHAKO HaJIWMYME CHCTEMaTH4e-
CKHMX IOTPELIHOCTENW B pe3yabTarax ABOMHBIX U3MEPEHUN IpaKTU4e-
CKH HE OKa3bIBAa€T CKOJIbKO-HUOYAb 3aMETHOTO BIMSHHUS HA UX Pa3HO-
CTH, XOTs OCTaTOYHas BEJIWYHMHA €€ BCE K€ MOXKET IIPUCYTCTBOBATH B
pa3zHoctsax. [lo3ToMy BBIUKCIEHHBIE TIO TOJYYEHHOU Qopmyne cpel-
HUE KBAJPATUYECKUE IOIPELIHOCTH MOTYT OKa3aTbCs MPEYMEHBIICH-
HBIMU.

Hcnonb30BaHue pa3sHOCTH JBOMHBIX W3MEPEHUU IPEICTABIISIET
co00# pacrpoCTpaHEHHBIM, HO HE €IMHCTBEHHO BO3MOJKHBIN Cilydait
UCIIOJIb30BAHUSI B KAdye€CTBE OTIEIbHBIX HAOMIOJEHUNA KOMOWHAIIMMA
(byHKIMH) YacTHBIX pe3yJbTaTOB M3MepeHuil. [IpuBeaem erie oauH
IIOJIE3HBIN IIPUMED.

[V n

IIpennonoxxum, uMeercs rpynna pe3yJsibTaToB U3MEPEHUI {Xi}l.

Bce X He3zaBuCHMBI U IPUHAJIEKAT K OJHON T'€HEPAJIbHOM COBOKYII-
HOCTH, Ho3ToMy M(X ) =a, D(x)=s°.

) X - X

Brenem ciy4aliHyl0 BEIUYUHY Y, = TJ KOTOpasi IpPeACTaB-
asieT coOol cpeliHee apu(PMETUUECKOE PA3HOCTH JBYX H3MEPEHMIL.
Hailinem mepBbie aBa MOMeHTa (MaTEMaTHYECKOE OXKHJIAHWUE M JIHC-

HCpCI/IIO) BCJIINYHNHBI yk, CBsi3aB UX C COOTBGTCTBYIOHH/IMI/I MOMCHTaAMH
s X, (it )
2 - X, 6_m(x)- M(x) _a-a_

m(yi):mg > 5 5

0,
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2 - X 0_ D(x)+D(X,) _ 2s 2 52
e 2 g 4 4 2

y X - X
Takum oOpa3zom, ciydaiiHasi BEJIMYMHA Y, = T’ KaK U pac-

D(y;) = D¢

CMOTPEHHAS paHee Pa3HOCTh ABYX PAaBHOTOYHBIX U3MEPEHHUMA OTHOU U
TOW K€ BEIIMYMHBI TAKXKE MMEET MAaTEMaTHUECKOE OXHUIaHHUEe, PaBHOE
HYJIIO, & TUCTIEPCHIO — B YETHIPE pPa3a MEHBIIYIO.

CnenoBatenbHO, obpabareBas rpynmy Yy, (K=1...,r), MoxXHO

TaKke HalTth mapamerpsl BenmuumHbl X (i =1,...,n). B wactHOCTH,

4TOOBl HAWTHU OLEHKY JUCIEPCUU X, HaJAO YJABOUTH OIIEHKY JMCIIEp-
cuu Y.

+ X
Ecnn xe BBecTH cilyyaliHyro BeaInuuHy Y&¢= % TO B 3TOM
ciay4Jae
tx0_mx)+m(x;) _a+a
m m =a,
(y9 = g ;i 5 5
X 2 2
e 2 g 4 4 2

To ecTh MaTemMaTHUYECKOE OXKHMJAaHUE BEIMYMHBI Y( paBHO Mare-
MaTHYE€CKOMY OKHJAHUIO BEIMUUHBI X, a aucnepcus Y(, Tak ke, Kak
U B MIPEJIBITYIIEM ClTydae, BIBOC MEHBIIIEC TUCTIEPCUU X .

Ecnun nmeercs {)q}: pPEe3yJbTaTOB M3MEPEHUS BEIUYUHBI X, TO
YUCJIO peaau3aluil [ cllydallHbIX BeIWYuH Y W Y(, KOTOpbIE MOTYT
OBITh CHOPMUPOBAHBI, ONPEICIISIETCS COOTHOLIEHUEM
N n(n-1

" 2(n- 2) 2

CnenoBarensHo, r =1 nmpu N=2; r=3 npu N=3; r>n npu

n>4. Ctporo roBops, JaHHas MOPOIEAypa MOXET OBITh OIpaBlaHa

o n
TOJIBKO IIpU 3HadumeibHomM 4YNCJIC HU3MCPCHUU {XI} a COOTBCTCT-

1 1
BYIOIIMM TOMPABOYHBIA KO3(P(UIIMEHT K OLIEHKE IUCIEpPCUU, OTpa-
KAIONUH HaJUYHe CBS3M CTATUCTUYCCKOW CBS3W 3HAUYeHHUU Y (wum

y(), HAlTH HENEerko. DTH K€ COOOpaKEHHUS IMOJTHOCTHIO OTHOCATCS U K
Pa3HOCTHU IBOWHBIX U3MEPCHUN.
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KOHTpOJII)HI)Ie BOIIPOCHI M 3a/1aHUA

1. Yro Takoe «kocBeHHOE Hu3MepeHme»? Ilouemy B reojme3uu
BO3HHUKAET MOTPEOHOCTh KOCBEHHBIX U3MEPEHUI?

2. 3anumute GopMyiy pasfoKeHUs: MTPOU3BOJIBLHON HEMpPEpPbhIB-
HOU U nuddepeHuupyeMort GyHKIUU OJHON IepeMeHHOU B psia Teit-
nopa. IIpy Kakux ycrnoBHsIX BO3MOXHO OrpaHUYUTh psax Teunopa ym-
HEWHBIM ujieHOM? KakuM COOTHOIIEHHWEM CBSI3aHbI JIUCIIEPCUM apTy-
MEeHTa U PyHKIIUU?

3. 3anumuTe 00IIee COOTHOIICHHE, CBS3BIBAIOIICE JUCIICPCUU
apryMEHTOB U (DYHKIIMU HECKOJIbKUX MepeMeHHbIX? Kak 3To cooTHO-
HIEHUE H3MEHMTCS, €CIM  pe3yJbTaTbl HM3MEPEHUM BEIUYUH-
apryMEHTOB OKQXKYTCS CTATUCTUYECKU 3aBUCUMBIMU ?

4. Onpenenure CBsI3b NUCHEPCUH ANJTUTUBHON (QYyHKIMHU MPOU3-
BOJIBHOTO BHJIa C JUCIEPCUAMHU BEIWYMH-apryMeHTOB. Ecnu nmeercs
HECKOJIBKO BEJIMYMH C U3BECHBIMU JUCIEPCUSIMU, TO KaKas JIMHEeWHas
(GyHKIMS 3TUX BEIUMYMH OyaeT 00JiajlaTh MEHbILIEH AUCTIEPCUEH: CyM-
Ma WJIU CpeIHee apupMeTnIecKoe?

5. Onpenenute CBA3b JUCIIEPCUN MYJIbTUIIIIMKATUBHON (DYHKIIUN
MPOU3BOJBLHOIO BHJA C JUCIEPCUAMH BEIUYUH-apryMeHTOB. Eciu
UMEETCSI HECKOJIBKO BEJIMYUH C M3BECHBIMHU JIHUCHEPCHUSIMHU, TO KakKas
GyHKIMS 3TUX BEIUYUH OyAeT 001aiaTh MEHbIIEH JUCIIepCUet: mpo-
U3BEJCHUE WU CPEIHEE T€OMETPUUYECKOE?

6. I3amMepeHsl Tpu BeIUYUHBI X, Y,Z C M3BECTHBIMHU JUCIIEPCHUSI-

2 2 2
MU S S ,S ;. Onpenenure TUCIePCHIO BETMIUHBI W, €CIIH OHA CBS-
3aHa ¢ BeInynHaMu X, Y, Z cieayromuMu COOTHOILEHUSMU

wW=2(x+Yy)+Z7z,
=—5 *Iny,
2

sinx + cosy

W= 3z .
€
7. Kak paccuntarts JOIMyCTUMYIO YIJIOBYIO HEBA3KY TEOAOJUTHO-
ro Xoma?

8. Kak paccumTaTh JOMYCTUMYIO HEBSI3KY HUBEJIUPHOTO X027
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9. Kak paccuutarh MOTPEUIHOCTD JIJIUHBI U TUPEKIIMOHHOTO yTJia
OTpe3Ka JINHKUH, 33JIaHHOTO ABYMSI TOYKAMH C U3BECTHBIMU KOOPAMHA-
Tamu?

10. Omnpenenute CBsI3b CPEIHEKBAIPATUUECKOM MOTPEUIHOCTH
pPa3HOCTEN JIBOMHBIX U3MEPEHUU C CPEIHEKBAAPATUYECKOW IOrpell-
HOCTBIO €IMHUYHOTO M3MepeHusi. Kak u3MeHHUTCs 3Ta CBs3b, €CIU U3-
MEpSATh CPEAHIOI0 Pa3HOCTh JBYX U3MEPEHUI WM CPETHIOI0 CYMMY 7
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I'naBa 4
O0padoTKa pe3yibTATOB HEPABHOTOYHBIX U3MEPEeHU M

Ecimu Bce pe3ylibTaTbl CAUMHUYHBIX I/I3M€p€HI/Iﬁ N3 MHOXECTBaA
n o o
{Xl}l IMPpUHAICKAT K OJHOU I'CHEPAJIbHOU COBOKYIIHOCTH, TO €CThb I10-

JIYYEHBI B OJIMHAKOBBIX YCIIOBUSX C MCIOJIB30BAHUEM OJHOTO U TOTO
K€ HM3MEPUTEIbHOTO MpHOOpa, OJHUM METOJIOM, TO OHM OO0JaJaroT
OJWHAKOBOW MOTPELUIHOCTHIO, XAPAKTEPU3YEMOU BEIMYMHOU HUCTIEP-
CUM S ° pacrpejielieHHsl pe3ybTaToB M3MepeHuit. Takue n3MepeHus
HA3bIBAIOT paAGHOMOUHbIMU. ECIIN K€ U3MEPEHUS OJHOU U TOM XKE BE-
JIMYUHBI OTHOCATCS K Pa3HbIM I'€HEPAIbHBIM COBOKYITHOCTSIM, TO €CTh
OCYLIECTBIIEHBI B PAa3HbIX YCIOBUAX C HCIIOJIb30BAHUEM PA3IIMYHBIX
HU3MEPUTENIbHBIX MPUOOPOB U METOAOB, TO OHU 00JIAAIOT Pa3TUIHBI-
MH TIOrPEIHOCTAMM (pa3iM4HBIMU 3HAUeHUsAMH aucnepcun S ). Ta-
KHE U3MEPEHUS HA3bIBAKOT HepagHomouHvimu. Cae10BaTeIbHO, Kax-
J0€ €IMHUYHOE U3MEPEHUE HEKOTOPOU (PU3NUECKOM BETMYMHBI BCETIA
XapaKTepu3yeTcsl Hapoil umces. 3HAYEHUEM X, U JucHepcueil S ° re-
HEPAJILHOM COBOKYITHOCTH, K KOTOPOW MPUHAJICKUT 3TO U3MEPEHHUE.
B citydae paBHOTOYHBIX U3MEPEHHUM BCE S i2 OJWHAKOBBI. Panee nmen-
HO PAaBHOTOYHBIE U3MEPEHHUS SBJISJIUCH OCHOBHBIM IIPEIMETOM pac-
cMoTpeHus. B HacTosiiel ke rnaBe OyayT pacCMOTPEHBI OCOOEHHO-
CTU HEPABHOTOYHBIX M3MEPEHUH, UX CBSI3b C PABHOTOYHBIMH, aJIrO-
PUTMBI OOpPaOOTKH PE3yIbTATOB HEPABHOTOUYHBIX U3MEPEHUN U OIICH-
KU UX HOTPELUIHOCTEM.

84.1 Oco0eHHOCTH HEPABHOTOYHBIX H3MEPEHMH.
Bec pe3yabTaTa nsmMmepeHus
PaccmoTpuM 0011y10 cXeMy U3MEPEHUS BEIUYUHBI X . JTa cxema
XapaKTEePU3yeTCs TEM, UYTO OLICHKY X 3HAYCHHUS dTOM BEIMUUHBI (Op-
MHUPYIOT IO COBOKYITHOCTH JOCTYITHBIX PE3YJIbTATOB MU3MEPEHUI {yi}:
BEJIMYUHBI Y, CBA3AHHOW C MCXOJHOW (PYyHKIIMOHATIHLHOW 3aBHUCHUMO-
cteio Y = f(X). 3agaua BOCCTAHOBJICHHS OLIEHKH BCIMYMHBI X II0
JAHHBIM W3MEPEHUN BEIWYHUHBI Y, OTATOLICHHBIX MOTPENIHOCTIMH,

HAa3bIBACTCS 0OpamHoll 3a0ayeli N3MEPEHUM.
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[TocTpouM cucTEMy YCIIOBHBIX YpaBHEHHUHU JUIS CiIydas H3Mepe-
HU 3HadeHnit pyakmmn Y, = f(X):

F(x)- f(X)=n,
F()- f(X)=n,

F(x)- f(X)=n,

rae N, =Y. - Y — HeBs3ka i-oro ycioBHoro ypaeHenws, Y= f(X),

AN
Ve
~

y = f(X). [IpuMeHrM METOJ HaUMEHBIINX KBaIPaTOB, KOTOPHIA Ipe-
JTyCMaTpHBaeT TIOUCK PEIICHUS 3TOW CHUCTEMbI YPAaBHCHHUU WCXOJS W3
YCJIOBUS JTIOCTM)KEHUS MAHUMyMa CyMMOU KBaJpaTOB HEBs30K. IIpe-
MOJOKUM TPH 3TOM, YTO HE BCE YCIOBHBIC ypPaBHEHHS OJWHAKOBO
«UEHHB I TOCTpOoeHus peienus. [loaTroMy BKiIag Kaxxnou U3 HEBS-
30K YpaBHEHHI B (JOPMHUPOBAHUE KPUTEPHS JIJIS IOMCKA PEIICHUS TaKKe
HeonHaKoB. byaeM xapakTepu3oBaTh 3HAUMMOCTh KaXKIOTO YCIOBHOTO
yYpaBHEHUS IS TOCTPOSHHSI OKOHYATEIBHOTO PEHICHHUS HEKOTOPHIM
guciiom ¢ > 0. Torma kputepuii MOKUCKa PEIICHUS] CUCTEMBI YCIIOBHBIX

YPaBHEHUI MOKET ObITh IIPEJCTABJIEH B CIEIYIOLIEM BUJIE:
n
agn’® min,
i=1
a aJITOPUTM IMOKMCKA peleHus (HaX0KIACHUS ONTUMAIbHOM OICHKH X )
KaK
i R 1] 2
X =argminag[f(x)- f(X)]
aw, =1
Pemas ypaBHeHue

T o NE
———=aQq|f(x)- f(X) =0,
(3= [f(x)- f(X)]
MOJTYy4YUM
e 0
8% q T~
f(x)=_a98—':f(xi).
g

_~

WNu okoHUYaTeIbHO BBIPpAKCHUC IJIsI OLICHKH BECJINYHNHBI X
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¢ce o v
g ¥ q .. U 3 )
X =188 6+ (x)a= 58 g, (%)
=1 4 T a i=1 H
crgaa: ¢
B e @ 8
rie f'(-) — oynkums obpatnas ¢ynkumm f(-), Takas, 4rO
fi(y)=x; g = ni — HOPMHUPOBAHHBIN BEC i-TO YaCTHOTO PE3YJIb-
aq

i=1
TaTa KOCBEHHOI'O HM3MEPEHUs, OTPAXKAIOUIMUA €ro yJCJIbHbIM BKJIAJ B
dopmupoBanue oneHkn X . [lonydueHHas OlleHKa X SIBISCTCS Kéa3uc-

n
o]

peonum. Tloguepkaem, uro Bec g =0 / g 0 Tpu MPOU3BOJIBHO BbI-
i=1

OpaHHbIX 3HaueHUSX C >0 yHOBIETBOPSET YCIOBUIO HOPMHUPOBKHU

n
o]
a 9, =1. JokaxeM 3T0:
i=1

O

— I —i=1 —
a gi - a n ' n _1
i=1 i=1 3 2
ad ad
i=1 i=1
[TonydyeHHBIC OLEHKHA BEIMYMHBI X B 3aBHCHMOCTH OT BHjA
¢yskmm Y = f(X) mMoryr npuoOperarh pa3nmudHbIi Bu. )i TuHEeH-
HOW (pyHKIMH, KOTHa Y =CX, rae C=CONnst, To ecTh B Ciydae Hemo-
CPEACTBEHHBIX (IPSIMBIX) U3MEPCHHI BEJIUYUHBI X, OIEHKAa COOTBET-
CTBYET B3BEIICHHOMY CPEIHEMY apUPMETHICCKOMY:

Y:é g% -
i=1

. 2
Jns xkBaapaTUyHOM (QyHKIMU Y = X  OLIEHKa — B3BELICHHOE

CpeJHEee KBaJpaTUUYECKOE:!
~_|¢ 5
X=.a gX .
i=1

Jns Gyakmuu Yy =1/ X oreHKa — B3BEHICHHOE CpPEJHEE IapMo-
HUYECKOE:!
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. o1
X :% gixi-lg -
i=1 a

Jlns norapupmudeckoit Gynkuun Y =INX orneHka — B3BEIICH-
HOE CpeJIHEE T€OMETPUUYECKOE:

X = expg%n_ g Inx 0= expf%]_ In x” 0= 6 exp(lnxgi): 6 X9
€i=1 %] €i=1 g = i=1

Cremaem emie HECKOJIBKO 3aME€YaHWUW O CBA3U B3BEIICHHBIX H
HEB3BCIICHHBIX OLICHOK, C KOTOPBIMHU MBI YK€ CTaJIKMBAJIUCh paHEE.
PaccmoTpuM ycnoBue HOPMUPOBKM BECOB B Cilydae, KOrja BCE Beca
OJIMHAKOBBI {, =, TO €CTh BCE PE3yJbTaTbl U3MEPEHUN PABHO3HAY-

HbI IJIA ITIOCTPOCHUA OLICHKH. TOFI[a CIIPaBCIJINBO PaBCHCTBO
S & &
ag=ag=gal=gn=1
i=1 i=1 i=1
Cnej0BaTenbHO, B CIy4ac PaBEHCTBA BECOB M3MEPEHHUI BEC Ka-
KJI0TO M3MEPEHHS PaBEH

1
g=—.
n
[ToxcTaBuB TakWe 3HAUYCHUS BECOB B BBIPAKCHUS I B3BCIICH-
HBIX CPEIHUX, MMOJYYMM YK€ U3BECTHBIC OlIeHKH (cpeaHee apudmMeru-
4ecKoe, CpeIHee KBAIPATHYECKOE, CPEHEE TAPMOHUYECKOE U CPETHEES
Te€OMETPUIECKOE).
Takum o0pasom, peireHne 0OpaTHOM 3aJaul U3MEPCHHS ITPHUBO-
JUT K MHOXKECTBY BO3MOXHBIX OIICHOK HM3MEPSECMOW BEIMYMHBI X B
3aBHCUMOCTH OT Xapaktepa (ynkuumun Y = f(X) m 3Haummoctu oT-

JEIBHBIX PE3YJIbTaTOB U3MEPEHUHN, XapAKTEPU3YEMOU UX BECAMM.

OnpenenuM CBsI3b BECOB C NapaMeTPaMH, XapaKTEPU3YIOLIUMHU
TOYHOCTb PE3YJIbTATOB M3MEpPEHUW. IHTYUTHBHO MOHATHO, YTO 3HAYM-
MOCTb OTJEJIBHOIO pe3ysbTara JIOJKHA OBITh TEM OOJBIIE, YEM BBIIIE
TOYHOCTb ATOrO PE3yJIbTaTa, TO €CTh MEHBIIE €r0 MOrPENIHOCTb. Y CTa-
HOBUM 3Ty CBSA3b B KOJIMYECTBEHHOW MEpPE ISl CIIy4asl HETOCPEICTBEH-
HBbIX U3MEPEHUU BEIMYMHBI X, PACIPENCICHHONW IO HOPMAJIILHOMY 3a-
KOHY. Mcnosib3yeM MEeTOo1 MaKCUMaJIbHOTO TIPABI0NO0100uS.

Ilycts B HMErOLIEHCA TPYNIIE PE3YIbTaTOB U3MEPEHUN {Xl}f Ka-
YKIBIA OTAEIBHBIN PE3yabTaT X paclpelelieH 110 HOPMAJIbHOMY 3aKO-
HY C (yHKIHEN MIIOTHOCTU BEPOSATHOCTEN CIAEAYIOUIETO BUAA!
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. (xi-a)

e 20i2

()C a.s ):L
pi (IRt Al GI\/Z_T[

B oriumne ot pacCMOTPEHHOTO paHee Ciay4dasi PABHOTOUHBIX H3-
MEPEHUN, X IMPUHAIJIEKAT K Pa3HbIM I'€HEPAIBHBIM COBOKYITHOCTSIM,

pacnpeacICHUC KOTOPLIX XaPAKTCPU3YCTCA paA3IMYHbIMU JTHUCIICPCUA-
2 o
MH Si . OI{HaKO MATCMATUYCCKUC OXWIAAHUA I3THUX PACHPCACICHUN

OJIMHAKOBBI, TO €CTh BCE T'€HEPAJIbHBIE COBOKYITHOCTH ObLIM c(Popmu-
POBaHBI MPU U3MEPEHUU OJHOTO M TOTO K€ 3HAYCHHS BEJIIMYUHBI X.
YcnoBue
"x,m(x)=a
SBJISICTCS HEOOXOAUMBIM /I (DOPMHUPOBAHUS OIIEHOK IO pe3ybTaTaM
HEPABHOTOYHBIX U3MEPEHHUI.
DyYHKIHSA TPABAONIOA00MS MOKET ObITh MPEACTAaBICHA KaK

1 o
“.2d
L=(1/4/2rs ?)"e *' =

JIiia HaxoxaeHust Makcumyma L yno0Ho uccienoBats InL . Toraa

INL=-(n/2)In2p - (n/2)Ins?- (1/2s )& (x, - a)?
i=1
Maxkcumym L mocturaercs, ecau fL/ffa=0:

fL/Lfa= & (Us2)(x - a)=0;
i=1
5 Kk
a_z(xi - a)=0,
|:]_S

(xi- a)2

rae K — KOHCTaHTa, MMEKIIAasi pa3sMEpHOCTh [XZ], oOmmiast st BCex

cj1aracMbiX CyMMBI.
N3 sToro YPaBHCHHUA HAXOIUM ONITUMAJIbHYIO OLCHKY JIA a.

e 0

08 1 T
X=a=q%&——"x

|:lg é1+

¢ s

ComnocTapisis BUJl MOJYYCHHON OLEHKH C MOCTPOCHHBIM pPaHEE
B3BCIICHHBIM CPEIHUM apUPMETHUYECKUM, MOXHO YTBEPXKAATh, YTO
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HOPMHPOBAHHBIN BEC CBS3aH C JUCIEPCUEUN PE3yIbTATOB U3MEPEHUU
COOTHOLIIEHUEM

9 = g—'1

alls?

i=1
a BEC, HE TMOJIBEPTHYThIII HOPMUPOBKE, MOKET UMETh J1t000€ MOJI0XKH-
TEJIbHOE 3HaUYCHUE TAKOE, UTO
_ K

s?’

rae K3 0 — mro0oe umcio, oTpaxkaroliee 3Ha4UMOCTh pe3yjbTaTa u3-
mepenus X. [Ipu K =0 pesynbrar He MMeeT MPaKTHUYECKOro 3Haue-

G

HUS Y TOJIHOCTBIO UTHOPUPYETCS MPU MOCTPOCHUU OLIEHKH BEIIMYHUHBI
x. C dopmanbHOM TOYKU 3peHHs kodbduimeHT K g0DKeH UMETh

2
pa3MepHOCTh [X ], yTOOBI OOecreunBaTh 0€3pa3MEepPHOCTh BECOBOTO
ko3 puuuenta ¢ . HopmupoBaHHBII Bec SBIsETCS O€3pa3MEpPHBIM

pu JTHOOBIX 0OOCTOSITENHCTBAX.

CnenyeT oOpaTuTh BHUMAHUE Ha TO, YTO MOJY4YEHHAs 0OpaTHO
IPONOPLHOHAIbHAS 3aBUCMMOCTh BECa pe3yJibTaTa U3MEPEHUS U €r0
JUCTIEPCUU CBA3aHA C HOPMAJIbHBIM 3aKOHOM pAaCHpeiesICHUs Pe3yJib-
taToB. Ecniu BUj 3aK0oHa pacnpeAesieHus: OTIMYAETCS OT HOPMaIbHOTO
BECA U3MEPEHUN MOTYT OINpeNensaTbes no-gpyromy. [lokaxem 3to Ha
npuMepe pe3ybTaToB, paclpeIeICHHbIX M0 3aKoHy Jlamaca.

JlJist 3TOrO OnpeaeauM MaKCUMaJbHO MPaBIONOJA00HYIO OLEHKY
[0 pe3yJbTaTaM HEPAaBHOTOYHBIX U3MEPEHHI X, paclpeeIEHHbIX 10

3akoHy Jlamnaca
p(x) =" exp(-a,[x - %),
rae &, >0 — mapamerp MmacmTaba pachpeleieHus pe3yibrara X ;
X =X =a — mapaMeTp CIBHUra IEHTpPa paclpe/IeieHus, OAMHAKOBBIN
ms Beex X (- ¥ <X<+¥; - ¥ <X <+¥); s’=2/a’ — aucnepcus
pacrpeneeHus X .
B sToM ciiyuae QpyHKIMS IpaBaono100us UMEET BUJ

3 -
-a ailxi- X|

L=(a,/2)"e ™
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Jliis HaxoxaeHuss Makcumyma L ynoOHo ucciemoBath INL :
n
InL=nin@,/2)- aalx - X
i=1

®yukuusa INL He sBnsercs auddepeHiupyemort mo X. B tou-
Kax X=X MpOU3BOAHAS ITOW (PYHKIIMM MMEET pa3pbiBbl. Bmecrte ¢
TEM aHaJM3 3TOW (DYHKIMM IOKa3bIBaeT, 4To MakcuMyMm INL, a tem
caMbIM U (PYHKIIMU MPABAONOA00US, JOCTUTAETCS B TOM CIIy4dae, €CIH
BBITIOJIHSIETCS yCJIOBI/Ie

aa X - X| = £|><I X ® min.
i 1
JIaHHOE€ COOTHOIICHHUE onpez[enﬂeT yciaoBue (HOpMUpPOBAHUS
OLICHKH, KOTOpPAasi MUHUMHU3UPYET B3BEIICHHBIM MOJIYJIbHBIA KpPUTE-
puil. B kauecTBe Beca BBICTYNAET MapaMeTp Macitada a; pacrpeie-
JIeHUA pesyabTarta X . MUHUMYMY 3TOr0 KpUTEpPHUs COOTBETCTBYET OIl-
TAMaJIbHas OLEHKA, COBHAAAIONIAS C 6blOOPOUYHOU MEOUAHOIU B TOM
cllydae, €Ciad BC€ 3HAYeHUs S, OJU3KHU, WIU C MAKCUMAIbHO MOY-
HbIM 3HAUeHuem X, 00J1aJalIMM MUHUMAIbHBIM S ;. B mro0oMm city-

qac BE€C HCPABHOTOYHOT'O UBMCPCHUA X;, PACIIPECACICHHOI'O 110 3aKOHY

Jlannaca, cBa3aH oOpaTHOI mponopuueil He ¢ aucnepcueil S 2, a co
CPEAHEKBAAPATUUECKUM OTKJIOHEHHUEM S ;.

HecmoTps Ha cylliecTBOBaHUE MOJOOHBIX HCKIIIOYEHUM, B Jajlb-
HelmeM OyneM HCHoJIb30BaTh Beca, OOpPaTHO MPOMOPLUOHATIBHBIE
TUCIIEPCUSIM PE3YJIbTaTOB (MX MOTPENTHOCTH), IO TICPKHUBAs OJIM30CTh
00pa0aThIBa€MbIX MAHHBIX HM3MEPEHUN K CIy4alHbIM BEJIMYMHAM,
pacrpeeIeHHbIM 110 HOPMaJIbHOMY 3aKOHY.

§ 4.2 IlorpemiHOCTH OL[EHOK, C(h)OPMUPOBAHHBIX
10 pe3yJbTaTaM HePABHOTOYHBIX N3MePeHN

Bce paccMmoTrpennbie B 84.1 B3BCIICHHBIC OICHKH, CHOPMHUPO-
BaHHbIC B Mpolecce 00pabOTKU pe3ybTaTOB HEPABHOTOUYHBIX H3Me-

pCHHfI, OTHOCATCA K KJIAaCCY B3BCHICHHBIX CPCAHUX CTCIICHHBIX
l/k

=0 = a%gx ,
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rae §. — HOpMUPOBaHHBIN BeC i-T0 pe3ynbTaTa m3mMepeHuii; K — moka-

3aTellb CTENCHU, MPUHUMAIOIIMK 3Ha4YeHus: K =- 1 1s B3BEIICEHHOTO
CpeIHEeTr0o TapMOHHYECKOTO, K =1 1y B3BEIIEHHOTO CpemHero apud-
METHUYECKOTO, K =2 &s B3BEIICHHOTO CPEIHET0 KBaJIPaTHUSCKOTO.

KpOMC TOI'O, JICTKO MOXXHO J0Ka3aThb, 4TO
LAk

|im6%] kO _6 9 = g0
k®0(é‘i:1 9% B B i=1 %o ’
TO €CTh B3BEIIECHHOE CPEJHEE IEOMETPUYECKOE TAKKE OTHOCHTCS K
IPYIIIE B3BEUIEHHBIX CPEJIHUX CTENEHHBLIX M MMEET I0KAa3aTellb CTe-
nenn Kk =0. OueHkM B BHJE B3BEIICHHLIX CPEJHHUX CTEMNEHHBIX YpeE3-
BLIYAMHO BaXXHBI JUIS TEOPUM U NPAKTUKU OOPabOTKU PeE3ysbTaTOB
U3MepeHuii (B TOM YMCIIE T€0IE3UUYECKUX) B CUIIy TOTO, YTO 3TH OLEH-
KU yIOBIETBOPAIOT TpeM (DyHIAMEHTAILHBIM CBOWCTBAM.

1. 3HaueHMe OLIEHKH ONPEAEIIETCS 3HAUYEHUAMH YacTHBIX pe-

3yJbTaTOB U3MEPCHUN (BCEMH, YACTHIO MU XOTS ObI OJHMM), TO €CTh
OHO JOJIKHO YCPEIHSITh COBOKYIHOCTh 3HAYEHUM PE3YIhTATOB {XI};1
ObITH cpeaHuM 1o Koru:

min{x...,X.} £ X £ max{x...,X.},
roe MiN{X,...,X.} =X, Max{X,...,X.} =X . — MHHAMaIbHOEC U

n
MAaKCUMaJIbHOC 3HAYCHUS HU3 COBOKYITHOCTH {X,}1 PaBeHcTBO COOT-
BETCTBYET CUTyallMH, Korga X, =...= X =...= X, . B3Bemennoe cpen-

HEE CTENEHHOE OTHOCHUTCS K KJIACCy OLICHOK, OpMUPYEMBIX MO BCEH
COBOKYIHOCTH MOJIYYE€HHBIX PE3YJIbTATOB.

2. JInst Toro 4To0bl MOKHO OBLIO OBl CPaBHUBATH MEXKIY COOOM
aJbTEPHATHUBBI, XapaKTEPU3YEMbIE JIByMSI MHOXKECTBAMH Pa3TUYHBIX

o o n n
3HAQYEHUN YaCTHBIX PE3yJIbTATOB U3MEPEHUU {Xi}1 51 {Xiq}l, HO OJU-
HaKOBbIMM 3HaueHusMU BecoB O = O, ounenka X(X,...,X,) HOIKHA
OBITh MOHOTOHHOH ()YHKLHEW 10 BCEM apryMeHTaMm X, TO €CTb yBe-

JUYEHHUE 3HAYEHUs XOTsA Obl OJJHOTO YAaCTHOTO 3HAYEHUS X JOJHKHO
BCEI/Ia MPUBOIUTH K BO3pacTaHUIO (WM YOBIBAHHMIO) 3HAYCHUS OIICH-

-~

KN X.
U X W, x> X PX> X
U1 MOHOTOHHO Bo3pacTarommed X(X,..., X.);
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"X KT W, X > X PR <X
JI711 MOHOTOHHO YOBIBaroIei )7()(1,..., Xn) )
3. 17151 KOIMYECTBEHHOT'O CPABHEHMSI AJIbTEPHATUB B ClIydasiX, KO-
rga (1)I/I3I/I‘-IeCKaH BCINMYMUHA X HN3MCPCHA B MCTPUYICCKUX N HCKOTOPBIX

HEJIMHEHHBIX IIKaJIaX, HCOOXO0AMMO, YTOOBI OIleHKa o0Jyajana CBOMCT-
BOM OJHOPOHOCTH (TOYHEE, OJTHOPOIHOCTH IIEPBOTO MOPSIKA):

X(I Xl %) =TR(X,0 %),
rae | 2 0. B upe3BblyaifHO MUPOKOM KJIacce OIEHOK B BHJIE KBa3HC-
PEIHUX TOJIBKO OIIEHKH B BHUJE B3BEIICHHBIX CPEAHUX CTENEHHBIX 00-
J1aJIat0T BCEMU TPEMsI CBOMCTBAMM.

Ha sToM ocHOBaHWU 3ajady ONpEJCICHUS] CBSA3U JUCIEPCUU
OIIEHKHU M JIMCIIEPCUN pe3yJbTaTOB HEPABHOTOYHBIX H3MEPEHHUI Oy-
JIeM peliaTh B 00IIeM BHUIE JJIs1 B3BEIIEHHOTO CPEIHETO CTEIIEHHOIO
MIPOU3BOJILHOTO MOPSIIKA.

MHOXECTBO BO3MO’KHBIX B3BEILICHHBIX OIICHOK, ONPEACICHHBIX

[0 COBOKYIIHOCTH PE€3yJIbTaTOB HEPABHOTOYHBIX H3MEPEHHUU {xi}n C

1
HOPMHUPOBAHHBIMHU BCCaAMU gi B BUJC B3BCHICHHLIX CTCIICHHBIX CPCI-

HUX, YJOBJIETBOPSET IIEIIOYKE HEPABEHCTB, KOTOpasi OyJET MCIOJIb30-
BaHa B JAJILHEUIINX BBIKJIAIKaX

XCOLE LEXTMWELEXVEXOEXDEXPDE LEXM™ELEXY),
rIe m:|k|, mi [ 0,¥ ). PaBencTBa B 3TOM LIEMOYKE COOTBETCTBYIOT
CITydaro, KOraa X, = ... =..X =..= X_.

PaccmaTpuBas B3BeHIEHHYI0 oOHeHKy X = f(X,..,X ) Kak
(GYHKIHIO N apryMEHTOB X, KOKIBIH M3 KOTOPHIX 00IagacT BECOM
J;» TO €CTb U3BECTEH C TOYHOCTHIO, XapaKTEpU3yEeMOU IaucHepcUeit

2
S i onpeacimm C HCITIOJIB30BAHUCM HN3BECTHOTI'O IIpaBuJjia

n
S ; = é_ (TF /91x )’s iz JIACTIEPCHIO OIICHKU X\ B CIIEIYIOIEM BHUIC:

i=1
> _ L0 &*Do
S;(k) _%Si - g (k) - '
i=1 ge X g
L1/(2k-2) /K

n n
rpe X®? = 6% g, )(iz"'zg , XY = g‘% o] Xikg — B3BCILICHHBIC
i=1 1} i=1 7]

cpennue crencHubie mopsakoB 2K - 2 u K coorBercrBenHo. s ya-
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CTHBIX CJIy4YaeB B3BCIICHHBIX CpeaHMX rapmonmdeckoro (k=-1),
reomerpuyeckoro (k =0), apudpmernueckoro (K =1), kBampaTuue-
ckoro (k =2) nmomydennass ¢opmyia maer CleayIOlue BBIPAXKCHUS
JUISL COOTBETCTBYIOIIUX L(chepcm‘i'

eV n =~ 7 (0)
- 0 2 _ L0 &X' 0
S o ?és ~(4) ’Syw)‘g%Si P S
7 i=1 g € g
n ..-1 n ..-1
2 _ 20 . L2 _ -20
S;((l)_é%si - 132(2)_6}%& o
€i=1 17} €i=1 1%}

2
BprameHHe oa S Z(1) onpeacisictT JUCIICPCUO0 HECIIOCPCACTBCH-

HBIX (IIPSIMBIX) HEPABHOTOYHBIX U3MEPEHUM, KOTOPast B CiIy4ac PaBHO-
- — 2 a2
TOYHBIX U3MepeHuit (g, =9,S.° =S °) coBmagaeT ¢ U3BECTHHIM BhIpa-

2 a2
KEHUEM ISl JUCIEPCUH BBIOOPOYHOIO CPETHETO S w =S In. Xa-

pPakTEepHO, 4YTO AMUCIEPCHHM OLCHOK B BUJC B3BCIICHHBIX CPEIHMUX
2 a2
apr(pMETHYCCKOTrO U KBAPATUIECKOTO OKa3aJInCh PABHBL S ") =S () -

2
B oTux 1ByX ciydasx aucnepcus S o, OyAeT MMETh MHHHMAIbHOE

3HAYCHHUE CPEJIU CTCICHHBIX OIICHOK C IEJIBIMH ITOKA3aTCIISIMU CTEIIe-
2 ~ L4
Hu. Oynkums S, (K), sBussce venpepoiHOl QyHkumuenr K, Bospac-

taeT Ha wmHTepBawax K>2 m K <1. CooTBEeTCTBYIONIHEC 3HAYCHUS

n
o] - -

S ;k) (k) OymyT mpesbimarh BenmuuuHy S - =(Q S, °) . OnHako poct
i=1

2 . H 2 — 2
aucnepcuu S 5, 1o Mepe pocta |K| orpaHuueH: |I<I®TS o =S,
2 2 2
kIQ!)rTQgS X(k) - S Xrrin Fﬂe S Xrin ! S Xmax

CUMAJIBHOI'O 3HAYE€HUN U3 COBOKYIHOCTU X,,...,X,. B mpocreiimem, HO

— AUCIICPCUN MUHHUMAJIBHOT'O U MaK-

YaCTO BCTPEYAIOIIEMCsl HAa NPAKTUKE CIIyyae PABHOTOUHBIX (S =S °)

3HAYCHHUI YaCTHBIX MOKa3aTeield MUHUMAILHOS 3HAUCHUE TUCIICTICUU
: 2 2 2 —_e 2

ouenku MIN{s *,} <s“/n, a makcumanpHoe — MaX{S ;,} =S

[TpumeuaTensHo, uTo Ha WHTEpBaie 1<K <2 BO3MOXXHBI OIEHKH C
JTpOOHBIMHU TIOKAa3aTEIsIMU CTENEHU C AUCIEPCHUEH MEHbIIEH, 4YeM

si=(@s)

i=1
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Cnenyetr oOpaTuTh BHUMAaHHE, YTO TOJIBKO OIIEHKA JUCIIEPCUH
B3BEIICHHOTO CPEAHEro apu(pMEeTUYECKOro CIpaBeIiviBa MpHU JIFOOBIX

V) 2
3HAYCHUAX AUCHECPCHU S P Bce ocTanbpHbIE XOopouo OTpaKaroT BJIMSA-
HHUC JUCIICPCHUU OTACIIbHBIX HCPABHOTOYHbIX I/I3M€p€HI/Iﬁ Ha BCIINYUHY
AUCTICPpCUHN B3BEIICHHOU OLCHKH IIPpHU MaJbIX S i2' To4yHOCTB padcTOB

CHMKAETCA [0 MEPE POCTA MOTPEITHOCTH OTACIBbHBIX HEPABHOTOYHBIX
M3MEPECHUM.

8§ 4.3 O0bennHeHUE Pe3yabTATOB MPSAMBbIX H3MepPeHH i

OnHy ¥ Ty K€ BEIMYMHY 4YacTO U3MEPSIOT B Pa3HOE BpEMs, B
Pa3HbBIX YCIOBUSX, Pa3JIUYHBIMU U3MEPUTEIBbHBIMUA TPUOOpaMH, a TO-
poii pazHbIMH MeTojamu. [[o3TOMy BO3HMKaeT 3ajadya OObEeIUHEHUS
[OJIyY€HHBIX JAHHBIX, C TEM YTOOBI HANTH HanOoJiee TOUYHYIO OLEHKY
U3MEPSIEMON BEIMYMHBI, YUUTHIBAIOLIYIO BCHO TOJYYEHHYIO HH()Op-
MalHIo.

Bo Bpemsi IIUTENbHBIX LIMKIOB U3MEPEHUM, COOMpasi B TPYyMIIbI
JAHHBIC 32 OTPAHUYEHHOE BPEMS, MOXKHO IIOJy4aTb HPOME}CYmou-
Hble OYeHKU U3MEPSIEMOUN BEIUYMHBI, €CTECTBEHHO HAXOJIWUTh OKOH-
yamenvHblil pe3yabmam N3MEPEHUS IyTEM 00beOUuHeHUA TIPOMEXKY-
TOYHBIX PE3yJIbTATOB, 0€3 JIMIIHUX BBIYUCICHUN.

[ToaTomy 3anaua 0O0veounenus pe3yabTaTOB U3MEPEHUN UMEET
00JbIIOE MPAKTUYECKOE 3HAYEHUE, B TOM YHCIE B I€0Ae3UYECKOM
IpakTuKe. BMmecTe ¢ TeM Ba)XHO OTIMYATh CUTYallMH, IIPU KOTOPBIX
o0beAMHEHUE PE3YIBTATOB OMPABAAHO, OT TEX, P KOTOPBIX OHO He-
oonycmumo. JIUILIEHO cMbICIa OOBEAMHEHUE TAKHX pPE3yJIbTaTOB U3-
MEPEHUH, NPU KOTOPBIX, N0 CYILIECTBY, U3MEPSIIUCh pa3Hble 110 pas-
MEpy BEJINYHHBI.

MaremaTndecky CTpOroe peleHrue uMeeT ciaeayronas 3aaaqa.

Ectp L rpynm usmepeHuil BEIUYMHBI X OJIHOTO U TOTO XK€ pas-
Mepa a. [lo uamepennsM Kaxa0u Ipynibl COCTABIEHBI OLIEHKU U3Me-
pSIEMO BEJIMYHHBI X, ,X,, ..., X, . VI3MEpEHHS OCYIIECTBICHBI METOIOM

IPSIMBIX M3MEPCHUH, ITOATOMY B KA4eCTBE OIICHOK M3MEPSEeMOM BEIIH-
YHHBI UCIIOJIB30BaHbI CpeHNE apu(METHUCCKHE PE3yIbTaTOB B KaxK-
noi rpynme. [Ipu 3ToM MaTeMaTHYecKHe OKHJIaHUS YaCTHBIX OIICHOK
paBHbI HCTHHHOMY 3HAYCHUIO a

m(x)=m(x,)=..=m(x)=a.
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H36ecmubl nucriepcuu sf,s,f,...,sf pE3YJIbTATOB M3MEPECHUM B
KaXI0H TPYIIIE U YUCI0 UBMEPEHHUH N, ,N,,...,N B KaKIOU I'PYIIIIE.
TpeOyeTcsi HANTH OLIEHKY HM3MEpPSIEMON BEIMYMHBI MO JAHHBIM

BCEX TPYII HAOMIOJEHUN. DTy OLUEHKY 0003HayaroT X ¥ Ha3bIBAIOT
COBOKYNHBIM CPEOHUM.

Paznmuune qucnepcuii pe3yjbTaToB U3MEPEHUI B KAXKIOU TPyIIIe
IIO3BOJISIET pacCcMaTpUBaTh MPOUEKYTOUHBIE OLICHKU KaK Pe3yJIbTaThl
HEPAaBHOTOUHBIX u3MepeHuid. [loaToMy OylieM HUCKaTh X Kak JuHei-
HYI0 (QYHKIHIO X;,X,,...,X, , TO €CTh KaK B3BEIICHHOE Cpe/Hee apud-
METHYECKOE:

=

L
o] ~
=a gX%.
i=1
B reones3un Takyr OLEHKY MHOTAA HA3BIBAKOT 00uiei apugme-
muuecKou cepeouHol.

CrenoBaTelibHO, 3aj7]a4a CBOJAUTCS K HAXOXJICHUIO BECOBBIX KO-
3¢ urnmeHToB (Beco) d;.

[Tockonbky M(X) =a, 1o u m(X) = a, mosToMy MOXKHO 3ary-

caTh
L
a=m(X) = mg%g x9=8 gmx)=4 ga=ad g, .
g i=1 i=1 izl
CnenoBareabHO
L
ag =1L

i=1
[Torpebyem, uroObl X ObUTAa 3PPEKTUBHON OLEHKON A, TO €CTh
mucnepeus D(X) =S§ OblJIJa MHUHUMAJILHOM. [[J1 3TOrO HaiaeMm BEI-

paxenue s D(X), moas3ysics popmynoii

= é‘l)_ = l:l <|3_ 2 ~ (I)_ 2 2
D(x)=D€a 9Xg=a o, D(X)=a g's5 .
i=1 i=1 i=1
L
Vcronb3ys ycioBHe HOPMHPOBKH BECOB & g, =1, mpeacTaBum
g, =1- a g, . Haiinem ycnosue munumyma D(X). Jlist aToro Bo3b-

MeM YacTHbIe pou3BoaHbIe 0T D(X) mo ka0t BenuuuHe ¢; U MpH-
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paBHseM uX HyJHO. [IockosbKy y Hac L - 1 HEM3BECTHBIX, TO MTOIYyYUM

L - 1 ypaBHEHUN:
{-1 .

20, izl' 23%8?[' : gig:O
e i=1 @
{-1 .
2052 -2528- §.¢%=
e i=1 @
....................... {10

2952 - 252 8- 86,20 ,
e =1 9

Tak kak BTOpoe cjlaraeéMoe BO BCEX YPaBHEHHUSAX OJHMHAKOBO, TO

CHpaBeIJIUBbI COOTHOILICHHUS
0S5 =055 = =055, =0Sy -

OTa cucremMa paBeHCTB JOINOJIHEHA COOTHOLIEHUAMH, COAEpKa-
IMMH BE€COBO KOA((PUIIMEHT (,, HA TOM OCHOBaHUH, YTO YCTPAHE-
HME (¢, M3 CUCTEMBl YPaBHEHHUH C MCIOJb30BAHUEM COOTHOIIECHMSA

{-1
g, =1- & 0 He AMKTOBANOCH KAKUMHU-THOO MPUHIUIHATLHBIMU CO-
i=1
O0pakKEHUAMH M BMECTO , MOXKHO OBUIO B3ATh BECOBOW KO3 uIm-
€HT C JI0OBIM HOMEPOM.

Takum 00pazom, Beca cpeHUX apu(PMETHUECKUX TPy HaOJk0-
JIE€HUN ISl TOro, 4ToObl chopMUpOBaHHAs OllEHKA Obuia 3(PPeKTUB-
HOM, JTOJDKHBI, TOMUMO YCIIOBUSI HOPMHUPOBKH, YIOBIETBOPSTH Clie-
IYIOUIEMY YCIIOBHIO:

0,:0,:-:0 =S5 S 1..1S;".

YroObl HAaliTU Beca {;, HY>)KHO 3HATh JIMOO ducnepcuu CpeHUX

apudMeTHYeCcKux, Tu00 omHoweHua oucnepcuii. Eciu Mbl umeeM

sé , TO, I1oJjiaras, 4Tro gi¢~ S i'z, MOJIYYUM
_ o
gi - <|)_ I
a g¢

i=1
[TockonbKy Beca — Hecayuaiinple BEIMYUHBI, HETPYAHO OMpee-

JIMTDH JUCIIEPCUIO OILICHKHU X :
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4 (49°D(X) é(l/s )i 2

D(X ——— ==L .
. (a 99 A Ws?)y
-1 i-1 "

(1/s ) 1

8a(l/s )@a(lls ) Ll(llsé)

DTO BBIPAXKEHUE COBIAJIACT C HonyquHoﬁ B 84.2 dhopmynoi mis
JUCTIEPCUU OLICHKHU B BHUJIC B3BEIICHHOTO CPEIHEro apudMeTHyecko-
ro. OHO MO3BOJIAET MOJYYUTh TOUHBIE Beca J;, €CJIM U3BECTHBI HE Ca-

MU JUCIICPCHUH S ; y 4 TOJIBKO X OTHOLICHMS.

B OonbplIMHCTBE CilyyaeB AUCIEPCUU CPEHUX apU(PMETUUECKUX
rpynn (WU MX OTHOIICHHS) HEIOCTYIMHBI. TOTIa UCIIOIB3YIOT OIEHKY
JIUCIIEPCUNA CPEAHErO B3BEIICHHOr0. PaccMOTpMM BHadaje 4aCTHBIU
ciiy4dail 00beIMHEHUS PE3yJIbTaTOB CEPUN U3MEPEHUM, KOT/ia BCE JIUC-
NEPCUU B TPYyNIax OJMHAKOBHI, a KOJMYECTBO HAOIOACHUN B TpyInax
pasimuHoe. B otoMm cimydae moxHO npuHATh g{=n. Torma Beca
cpenHux apupmeTndeckux B rpymmax Oyayr g, =n, /N, rme

L

[« v [
N =@ n, —uucno usMepeHuit B 0O0bCANHEHHOM Tpymme; N; — KOJIH-
j=1

YeCTBO M3MEPEHHMI B OTACNIBbHOM rpynne, | =1, L.
CoBOKYyIHOE Cpe/IHEE MOKHO MPEJCTABUTh KaK

L N
O O
a. a le
= i=1i=
X == ,
N
Xj; —i-i pe3ynbTaT U3MEPEHUH B |-i IPyIIIIE.

Ecnu pazBepHyTh CyMMYy B YUCIIUTENE, TO TOTYYUM

= 1
X:N[(xll+x12+...+x1n1)+...+(xL1+xL2+...+anL)]:
n - n,— n & <
==Xt =X, ..+ X =3 09X
N N N ':
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OueHky cCpeaHero KBaJpaTHYECKOrO0 OTKJIOHEHUS CPEIHErO
B3BEIICHHOI'O0 MOYXHO HAaWTH, pacCMaTpUBas CPEAHEE B3BELICHHOE KaK
CpelHEee MOTYyYeHHOW O0NBIION IPYyMIbl HAOTIOICHHIA:

L N ~
é. é (in - )?)2
j=1i=1
g N(N - 1)
BrinoaHuB npocTeie npeodpa3zoBaHus, OJIyIUM

Y D
aax-x*=aalx-X+X-X)?*=
j=1i=1 j=1i=1

L
(XJI_X)+2aa(X'X)(X'X)+aa(X-X

j—ll—l ji=li=1 ji=li=1
Bropou wien CyMMBI paBeH Hyn}o IOCKOJIbKY

1
N

a(X,.-X) Oa(X-X) 0
=1
[ToaTomy
éOL gJ ~ \2 Ol_gJ ~ =\2
eaa( "Xj) +aa(Xj'X)
e 1i=1

j=1i=1

1
“N(N- 1)

3aMeTHnM, 4TO

S

bl l\)

CC_\ c/

n; n;
[*) ~ ~ [*) ~ = ~ =
a(x;-Xx)=(n-Ds7,aa(X-X)=n(X-X).
i=1 i=1
Torpa, coxpaHss JUIIb CyMMHpOBaHHe 10 TPynIiaM, MOoJIy4uM
1 — & - =l
§i= ea_( - DsT+a n (X - X)°y
j=1 U

N(N 1) ei=1
[lepBbIil uieH B MOJYyYEHHOU (DOpMyJie XapaKTepU3yeT pacceu-
BAHUE PE3YJIbTATOB U3MEPEHUM B IpyMIlax, a BTOPOM — pacCEUBaHUE
cpeaHux apuMETUUECKUX TPYIIII.
[TonydeHHBIN Pe3yabTAT JIETKO MOXKET OBITH 000OIIEH Ha CiTy4ail
IPOM3BOJIBHBIX BECOB, €CJIM BCIIOMHMTE, uTo §; =N, / N. Torna
ey n-1 L ~.,u
2 = Nl e 0, ST 8 0,(X, - X)’g
gi=t j i=1 a
PaccMoTpuM BOIIPOC O BIMSTHUM MOTPEITHOCTH OIpE/Ie/ICHUs Be-
COBbIX KO3((PUIMEHTOB HA MOTPEIIHOCTh B3BEUIEHHOTO CPEIHETO
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apupmernueckoro. Ecnu nocmorpers Ha oOumid BUJ (pOpMyJibl, OM-

PEACIIAIONICH CpeHEe B3BEIIICHHOE
L

_ 0
=1

=U

TO, IIOCKOJIbKY B€Ca gj N B3BCHINBACMbIC 3HAUYCHUA R—j BXOJAT B HEC

CUMMEMPUYHO, MOXKHO MPEATIOIOKNTD, YTO BECA HEOOXOIUMO OIIpe-
NEJATh C TOM K€ TOYHOCTBIO, YTO U ')?j. Mexny TeM Ha IPaKTHUKE

OOBIYHO BECa BBIPAKAIOT YKMCJIAMHU C OJIHOM WM JIBYMSI 3HAUYaIIUMHU

uuppamu. Kak xe oTpaxaeTcss HETOUHOCTh B ONPEJIEJICHUN BECOB Ha

MOTPELIHOCTH B3BELIEHHOT'O CPETHET0 apUPMETUYECKOT0?
[Ipernonoxum, 4To0 CyMMHpYEMBIE C BeCaMH (; 3Ha4eHHs X,

(UKCHUpPOBaHBI, a CAMH Beca YJOBJIETBOPSIOT YCIOBUIO HOPMHUPOBKHU

L
]
A 9, =1. OTo ycnoBue BBINOIHAETCA U 11 HETOYHO 3a/1aHHBIX BECOB
7

o

L

~ ~ o
g;. CnenoBarensio g g, - 0; = ang ; =0, rne Dg; — norperrocTs

J:

j=1

ompexesenns Beca, j =1, L.
O003HaYMM TOYHOE 3HAYEHUE B3BEIICHHOI'O CPETHETO apu(pMeTu-
YECKOT0 KaK x = Y. O1ieHUM NOTPEIIHOCTh HAXOKIEHUS €ro OLICHKU
S ~o & o _¢& -
Dy=a 9;x; - a 9;X; =a Dg;X;.
=1 =1 =1
Bripa3zuM norpemHocTs onpeaeaeHus Beca JJisl IepBOM TpyIine
Dg, uepe3 norpemHocTy onpeaeIeHus BECOB IS APYTUX CPYIIIL:
Dgl =" (Dgz + Dg3 ot DgL)

U IIOACTAaBUM B BBIPAXKCHHUEC IJIs1 Dy :
L L
o] ~ ~ o] ~
Dy:a ngxj :'(D92+D93+---+D9L)X1+a ngxj'
j=1 j=2

Nnu B hopMe OTHOCUTENBHBIX MOTPEIIHOCTEN
Dy — gz(X1 - Xz)(Dgzlgz) Tt gL(Xl - XL)(DgL/gL)
L
y 9] ~
a g;X
=1
3Ha4YEeHUS] OTHOCUTEIBHBIX MOTPEIIHOCTEN BECOBBIX KOA(PPuUIIn-
entoB Dg;/g; meussecTHBI. [IpennonoxumM, 4T0 OHM OrPaHUYEHBI,
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, tne Dg/g makcumanbHas (1o MOAYJIIO) IO-

T. €. ‘ng /gj‘ <|Dg/g
IPEIIHOCTh ONPEAEIEHUS BECOBOT0O KO3 (ppulireHTa.
Torna

g£|Dg/g| gz(x1' XZ);_“.tgL(Xl- XL)
4 a g%
j=1

Yucaurens MpaBoil 4acTU MOXKHO IPeoOpa3oBaTh K CleAYIOIIe-
MY BUIY:
92(21 B i2) Tt QL(K - )?L) = 92)72 Tt gL)—ZL - (gz Tt gL))?l =
L
- 92)72 Tt gLiL - (1' 91))?1 =a gjij - K =Yy- )?1
j=1
Torga

Dy - Dgly- %,
y gl vy
OueBUAHO, YTO MPUBEJCHHBIC BBINIC BHIKJIAJIKH MOXHO MPOBEC-
TU JIsL JTFO00T0 BECOBOTO KOO dHIeHTa g;, a He TONbKO st @,;. To-

rJa IOJIYYEHHBIA PE3yJbTaT MOYKHO NPEACTABUTH B OKOHYATEIHLHOM
BUJIE

X Dy X%
X |g| X
CrnenoBarenbHO, TOTPENTHOCTD B3BEIICHHOT'O CPEIHETO aprudme-
TUYECKOTO, OOYCIIOBJIEHHAs MOTPENTHOCTHIO OMPEICICHUS BECOB, BO
MHOTO pa3 MeHbIe mnocieaaeii. COMHOXHTEIb (X - Yj)/):( MOKHO

CUMTATh MMEIOIIUM TOPSJIOK OTHOCHTEIBHOW TOTPENTHOCTH cjarae-
MbIX. Tak, ecinu 3Ta morpemHocTs umeeT nopsaok 0,01, To morper-
HOCTb CPEITHETO B3BEIICHHOT'O H3-3a MOTPEHTHOCTH OIPECICHUS Be-
coB OyaeT B 100 pa3 MeHbIIIe OCICTHEN.

8 4.4 Vcnosib30BaHUe MOHATHSA BecCa B 32/1a4aX OLEHKH
TOYHOCTH Pe3yJIbTATOB KOCBEHHbIX U3MEPEeHUH

Panee nmoHsiTHE HEPABHOTOUYHBIX U3MEPEHUI OBLIO KCIOJIL30Ba-
HO Npu (P)OPMUPOBAHUU OLIEHOK 3HAYECHUS U3MEPSIEMON BEIMYHUHBI 10
COBOKYITHOCTH PE3YJbTAaTOB M3MEPEHUI, 00JaJalomuX pa3IundHbIMU
IIOIPELIHOCTSAMU. DBUIO BBEIEHO IOHATHE BeCa U3MEPEHMs, OTpa-
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KAIOILIETO BKJaJ ATOTO pe3yJibTara B opMHpOBaHHE OLEHKHU. bomee
TOYHBIN pe3ynbTaT 00yaaaeT OO0JbIINM BecOM. UTOOBI MOTYEPKHYTH
OCOOEHHOCTh PACCMOTPEHHBIX 3ajady, €II€ pa3 OTMETUM, YTO IOKa
peyb IUIa 0 HEPABHOTOYHBIX M3MEPEHUSX OJHOM U TOH ke puimye-
CKOHM BENMYMHBI (PACCTOSIHHS MEXIY NBYMS (DHKCUPOBAHHBIMH TOY-
KaMH, yrila MEXAy JIBYMsS (PUKCHUPOBAHHBIMH HaIpaBJIICHHSIMH). Xa-
pPaKTEpPHON OCOOCHHOCTHIO TaKMX 3aja4 SIBJISIETCS BO3MOXKHOCTH BBE-
JI€HUSI HOPMHUPOBAHHOT'O Beca pe3yJibTaTa H3MEPEHUs. AJITOPUTMBI
dbopMUpOBaHUS OIIEHOK IO pe3yJibTaTaM HEPaBHOTOYHBIX M3MEPEHUN
OKa3aJuCh TAKOBBIMM, YTO OOECIEUMBAIM «aBTOMATHYECKYIO» HOP-
MHUPOBKY BECOB M3MEPEHUM, COCTABIAIONIMX 00padaThIBAEMyIO0 COBO-
KYITHOCTh PE3YJIbTATOB.

YtoObl HAMETUTH MyTh AAJTBHEUIIETO Pa3BUTHS UJIEH HEPABHO-
TOYHBIX M3MEPEHHI, 00paTUM BHMMAHHE Ha TO, YTO (opMupyemas
olleHKa (HampuMep, B3BEIICHHOE CPEIHEe apUPMETHICCKOE) SBIISCTCSI
(GyHKIMEH 3HaYCHWI pe3yIbTaToOB W3MepeHHi X(X,...,X,), TO €CTh

00paboTka JF0ObIX (PaBHOTOYHBIX WJIM HEPABHOTOYHBIX) U3MEPCHUH,
10 CYTH, MPEACTABIAECT COO0M 00pabOTKy KOCBEHHBIX M3MEPEHUN Be-
JTUYUH X ,...,X,. DTO K€ OOCTOATENBCTBO MO3BOJIWIO MOAOUTH K BO-

IIpoCy OUHCHHBAHHA TOYHOCTH MHOI'OKPATHBIX HBMepeHI/Iﬁ C HCIIOJIb-

n

30BaHMEM IIPaBUJIA S . = a (T / M )’s 7, npuMeHseMoro s onpesie-
i=1

JIEHUSI TUCIIEPCUH PE3YJIbTaTa KOCBEHHBIX H3MEPECHUM.

IToaToMy, ecnu paccMarpuBaTh BEC B KQUECTBE JIMHEWHOW MEPHI
TOYHOCTH JIFOOOTO pe3yJibTaTa U3MEPEHUH, MOHATHE HEPABHOTOYHBIX
U3MEPEHUN MOXKET OBbITh PaCHpOCTPAHEHO HA CiIy4yaid U3MEpEHUM Be-
JUYMH, TPEJICTABISIONINX JII0ObIe PYHKIIUHA OT U3MEPEHHBIX BEJIMYKH.

CienyeT mOAYEPKHYTh, YTO B HTOM ClIydae HOPMHPOBKA Beca
TEpsIET CBOE €CTeCTBEHHOE 000CHOBaHME. Bec BBOAUTCS KaK BEJIWYU-
Ha, MPONOPUMOHAIIbHAS TOYHOCTH PE3YJIbTaTa U3MEPEHHUS, CBSI3aHHAs
C IUCIIEPCHUEUN ITOTO PE3YIIbTATA COOTHOLICHUEM

_ K
G SZ’
rne K3 0 — mo0oe uncio, oTpaxaromiee 3HauuMOCTb pe3yibTaTa u3-
MepeHus X . Toraa psa OXHOPOIHBIX BEIWYUH X ,X,,..., X, A3MEPEH-

HBIX C MTOTPEHIHOCTSIMH, XapaKTEPU3YEMBIMU JUCTIEPCHUSIMHU
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s/ <s’<..<s?
Oynet o0iagaTh BeCaMu
0.>q,>...~q,.
Od4eBUIHO, YTO HEOOXOIUMOCTH COITOCTABIICHHUSI TOYHOCTH pe-
3yJIbTaTOB B BBIOPAHHOM PSAY X ,X,,...,X, TpeOyeT HCIOIb30BaHUS

npyu GOPMHUPOBAHUH BECOB ATHX PE3YJbTATOB OJHOTO 3HAYECHHUS KO-
ap¢punuenta K, =K. CnenoBarenbHo, Bce Beca OJHOIO psijia U3Me-

PEHUM MOXHO OJJHOBPEMEHHO YBEJIMYMBATh UM YMEHBIIATh B OJIUHA-
KOBOE YHUCJIO pa3. BriojHe pa3yMHBIM IIPECTaBIISIETCS BHIOOP B Kaue-
CTB€ 3Ha4YeHUS KOd(PUIIMEHTa 3HAYEHUS TUCTIEPCUU OJIHOTO U3 pe-
3ylbTATOB psAAa X ,X,,...,X,. IlycTs 3TO Oyner X, Toraa

6=, 6= g =2 =, g, =2
L S T e O et

dopmanbHBIA BBIOOP M3 psija HEKOTOPOIO pe3yJjibTaTa HU3Mepe-
HUsA X, (peaJbHOro WM BOOOPaKAEMOro) ¢ AucIepcHeil S ° s onpe-
nenenus pasmepa koddduuuenrta kak K =S ? paBHOCHIIEH IPUHATHIO
BECa ATOrO pe3yibrara 3a enuHuiy (g =1).

YacTo cpeaHEKBaIpaTUUECKOE OTKIOHEHUE PE3yJibTaTa u3mMepe-
Hus, oOnagatomiero sBecoM ¢ =1, Ha3pIBalOT CpeaHEKBAIPATUUECKUM

OTKJIOHEHHEM eIMHHUIBI Beca (S, =./S’ =./S?), a mpubauKeHHOE
3HaueHue S, (OLEHKY S, MO BHIOOPKE KOHEYHOrO 00bEeMa) — CpeIHe-

KBaIpaTUYECKOM MOrPEIIHOCTBIO EUHUIIBI Beca.

IIpumeyarenbHO, YTO B pamMKax KOHILEIIUHU, ONMUPAIOLIECHCS Ha
UCIIOJIb30BaHUE [IJISl XapaKTEPUCTUKU HEPAaBHOTOUYHBIX H3MEpPEHUN
HEHOPMHUPOBAHHBIX BECOB (}, pe3yJbTaThl PAaBHOTOUYHBIX M3MEpPEHUMN

2 a2
X, oOmamarone OIWHAKOBBIMH aucrepcusMu (S, =S ), Oyayt
UMETh OJMHAKOBBIE Beca O, = (J, KOTOPbIE MOXHO MPHUHSATH PaBHBIMU
enuHuiie, To ecth ¢ =1. Ho u npu TakoM omnpeneneHuu Beca Kax10ro
OTJEIBHOTO M3MEPEHUsS] BEC OLICHKU B BHJIE CpPEeIHEro apudmeruue-
n
~ -1 90
ckoro X =n*gQ X O6yner B N pa3 Gomblle, 4eM BEC KaXI0ro pe3yiib-
i=1
TaTa U3MEpPEHUs
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2 2 2

n n n
qz:g = —=-—0g=ng=n.
ag* g'gr "
i=1 i=1

OueBUAHO, YTO €CIIM BEC KaXJAOTO PABHOTOYHOIO W3MEPEHUS
pPaBEH €IMHHUIIE, TO COOTBETCTBYIOLIMU BEC CPEAHEro apupmerhye-
CKOI'0 PaBEH YUCILY U3MEPEHUM:

0: =n.
B oOmeMm cinydae, korga usMmepsiemMas BeEIUMYMHA Y SIBISETCA

¢ynkmuerr Yy = f(X,X,,...,X,) BeqHuuH X,X,,...,X,, H3MEPEHHBIX C

2
n?

TOrPENIHOCTAMHU, XapaKTePH3yeMbIMU IUCIEPCUSIMH S [ ,S 5,...,S 2, B

pe3yabTaTe NPUMEHEHUS TIPpABUIIA
2
D adf O
S )2/ = é ?T_: S i2
i-1 81X &

-2 -2
BEC qy ~S y BCJINYHMHBI y CBA3aH C B€CaMu qi ""Si BCJINYHH XI CO-

OTHOIIICHUEM
1 & &f ('_5 1
— =3 g ks
qy i=1 1-[Xl %] ql
I dysaxkoun Yy = (X, X,,..., X.), TpeacTaBisAIoNe codoi of-
HOPOJIHYTO (GYHKIHIO apryMEHTOB, TO eCTh
f(lx,..Ix)=1f(x,..,X,), | 30, cnpaBeanmuBo cOOTHOIICHNE
| %5 an aéﬂ_fg | %52
™ >

CrnenoBaTenbHO, BeC TakoW (DYHKIIMM U BEca BCEX apryMEHTOB
ABJISIIOTCSL O€3pa3MepHbIMU BeuunHamu. K nanHoi rpynne QyHKIui

n
o]
OTHOCSITCSL BCE aJIUTUBHBIE PYHKIIMU Y=g aX U (pyHKuuM Oosee
i=1
/K

n
obmiero Buaa y = é:% a Xikg e K —mro0oe 1eficTBUTEIFHOE YUCIIO.
[ %)

Bo Bcex apyrux ciydasx CUTyalus CTAaHOBHUTCS OOJiee CIIOKHOM, Tak

KakK Bec (DYHKIMHU M Beca apryMEHTOB NMPUOOPETAIOT Pa3MEPHOCTb. JTO

HEOO0XOIMMO THIATENILHO YYUTHIBAThH MpU 00pabOTKE pe3yIbTaToB.
PaccMoTpuM HEKOTOpPBIE CIEACTBUS U3 (POPMYJIbI
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q, =a (f /1%)°q".

i=1
[lycth 3amana nuHeitHas GyHKIUs Y = CX. Beca BenmuuuH Yy U X

CBA3aHbl COOTHOIIICHHUEM

-1 - 2.-1 — -2
qy —qu niin qy_c qx'

[IpruMmeHuB 3TO paBEeHCTBO K (yHKIUU U :\/ai X, Tne X — pe-

3yNBTAT |-TO U3MEPEHUS; [, — €r0 BEC, MOIYINM

CiienoBaTenbHO, €CJIM YMHOXKUTh PE3YJIbTAT U3MEPEHUN Ha KO-
pEHb KBaJPATHBII U3 €ro Beca, TO BEC MPOU3BEACHUS +/( X OyIeT pa-

BEH €JMHHUIIE, & €T0 CPEAHEKBAJIPATUUECKOE OTKJIOHEHUE — CpEJIHE-
KBaJIpaTUYECKOMY OTKJIOHEHUIO €AMHUIIBI Beca S , .

2 2 _ -1 2 2 )
W3 nponopumun S o /s =(" (wm s [ /S | = () Hailem, 410
S

X

T

Takum 00pa3oM, 4YTOOBI HANTHU CPEIHEKBAAPATHUYECKYIO IIO-
I'PEIIHOCTh PE3yJbTaTa MU3MEPEHUS WIM €ro (PyHKIIMH, JOCTATOYHO
CPEOHEKBAAPATUUECKOE OTKJIOHCHUE €MHUIIBI BECa PA3ICIUTh HA KO-
PEHb KBaJIpaTHBIA U3 3HAUYCHUSI BECA ITOTO pe3ysibTaTa WK €ro (HyHK-
105128

PacmoTpuMm mpuMep pacuera Beca (PYHKIIMU HECKOJIBKUX TEpe-
MEHHBIX, BOXKHBIN JJIsI T€0JIe3NYECKuX npuinoxeHui. [lycts GpyHKIus
h sBaseTcss anAMTHBHON (YHKIIMEH TpeX apryMeHTOB X,Y,Z, U3Me-

2 a2 —_
s,=s;/q,ums =

PEHHEBIX C IIOTPEIIHOCTIMHU, UMEIOIIUMU JUCIIEPCHUU S f ,S 5 ,S 22 :
h=taxtbyztcz,
rae a,b,c —nocrosHEbIE KOADPUITUCHTHI.
Torna Bec Q, ¢pynkunuu h cBsizaH ¢ BecamMu aprymMeHToB (, , ay,
J, COOTHOLIIEHUEM
2 2a 2 2~ 2 2a 2 — A2~ 2 2a 2 2a 2
S, =(Th/Mx)°s, +(Th/Ty)°s ; +(Th/12)°s ; =a’s [ +b’s | +c’s ;.
— A2 2 2
=a’/q,+b"/q,+c"/q,

98



B cnyyae mpou3BoJIBHOrO yucia N aprymeHToB X, i =1,n ax-

n
o o o
auTuBHOM QyHKumu h=Q (&)X , rae & — mocTOsSHHBIN Kodhduiu-
i=1
CHT MPH MePEMEHHON X , aHATIOTHYHOE COOTHOIICHNE UMEET BH/L

1 0 .1

qh i= - qx' ’

r'ac qX| — BC€C U3BMCHCHUA )ﬂ

YacTo BcTpewaeTcsl cuTyalus Korja Bce Koddh@UIMeHThl cia-
raemMpIX aaauTUBHONW (yHKuMU a =1. B atom ciyuae ¢opmyna ais

pacuera Beca pyHkiuu h umeer Buj
1 _ ¢ 1
qh i=1 qu
WIH
1
hTg1
a R
i=1 Oy
Ecmu h=nX u usmepenus x paBHOTOUHBIE ((, =(), TO
_q
d, n’
TO €CTh BEC CyMMbI paBHOTOYHBIX CJIAra€MbIX OOPaTHO MPOTOPIIMOHA-
JICH YHCJTy CJIaraeMbIX, a TEM CaMbIM — 3HAYCHHIO BEJTUYHHBI .
B npakTuke reone3snyeckux U3MEPEHUM ITOMY IPABUILY MTOAYM-
HSIFOTCSL
- BEC CYyMMBI YIJIOB T€OJJOJIMTHOTO X0/1a, KOTOPBIA 00paTHO TPO-
MOPLUHOHAIEH KOJMYECTBY YIJIOB JaHHOTO XO0/4;
- BEC CyMMBbI JJMHEHHBIX U3MEPEHUN BBITSIHYTOT'O MOJIUTOHOMET-
pPUYECKOTO X0/a, KOTOPBIH 00paTHO MPOTOPIIMOHANICH JJIMHE X0/1a;
- BEC MPEBBIIICHUS] HUBEJIUPHOTO X0J1a, MPOJI0KEHHOTO B paBHUH-
HOW MECTHOCTH, KOTOPBIN TaKkyKe 00paTHO MPOTIOPIIMOHANICH JIJIMHE XO/1a.

KOHTpOJIBHBIe BOIIPOCHI U 3aJaHUA

1. ChopmynupyiiTe omnpenesneHusi MOHATUN «PaBHOTOYHBIE» U
«HEPABHOTOUYHBIE» U3MEPEHUS ?

2. B ueMm 3akiouyaroTcsi 0COOEHHOCTH M3MEPEHUSI BETUUHHBI X
110 COBOKYITHOCTH Pe3yJIbTaTOB M3MepeHus emmunabl Y = f(X) B yc-
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JIOBUSX, KOTJa HE BCE U3MEPEHUs] OJUHAKOBO «IICHHBI» JUIS MOJyde-
HUS OKOHYATEJIbHOTO pe3yibTaTa. UTo Takoe «kBasucpeanee»? Ilpu-
BEJIUTE MPUMEPHI JJIsI YACTHBIX ClIydaeB BUAa (QYHKIIMOHAIBHOMN 3aBH-
cumoctu Y = f(X).

3. JlaiiTe ompenesieHHe MOHATUIO «BeC M3MepeHus». UTo Takoe
HOPMHUPOBaHHBIN Bec»? Kakum Becom 00anaroT pe3ynbTaThl paBHO-
TOYHBIX U3MEPEHUI?

4. KakoBa MakCUMaJbHO IIPaBAONOA00Has OLIEHKA MO pe3yJibTa-
TaM TPSMBIX HEPABHOTOYHBIX HM3MEPECHHUHN BEIWYWHBI, paclpeaesicH-
HOU MO HOpMaJIbHOMY 3aK0oHY? Kak B 3TOM cily4ae BeC CBsI3aH C JHC-
IIepCHUeH pe3ynbTaTa H3MEPCHUS ?

5. 3anuIIuTe AaHAUIMTUYECKYIO 3aBUCUMOCTH JIJIA pacueTa JIHcC-
NEPCUM B3BEIIEHHOIO0 CPEIHEro cTerneHHoro. Kak oHa OyaeTr BBITIIS-
JETh JUIsl CIIy4aeB OINpPEIEICHUsl JUCIEPCUU B3BEIIEHHOTO CPEIHETO
apru(pMETUIECKOT0 U HEB3BEIICHHOT'O CPETHETO apu(PMETUIECKOro?

6. B uem 3akirodaeTrcsa Hambosiee MCHOJIb3yeMbld ClIOCOO 00be-
JUHECHUS PE3YJIbTATOB U3MEPEHUN OJHOM U TOM K€ BEJIMYMUHBI, BbI-
MOJTHEHHBIX B Pa3HOE BPEMS C UCIOJb30BAHUEM PA3IUYHBIX CPEICTB
U3MEpEeHU? 3aluIlnTe BBIPAXKECHHUE ISl OIEHKU IUCIEPCHUU COBO-
KYIMHOTO CPEAHEro M0 KOHEYHOMY YHCIY PE3YJbTATOB U3MEPEHUN B
KaXJ0M CepUM.

/. HyxHo 11 nipu pOpMUPOBAHUM OLICHKH B BUJIE€ B3BEIIEHHOTO
cpeaHero apupMeTHYECKOro OMpeaessiTh Beca U3MEPEHUM C TOU Ke
TOYHOCTHIO, YTO U KaXKABIA OTACIBHBIN pPe3yJbTaT U3MEPEHUS ?

8. Kak wucnonmp3yroT mOHSATHE Beca B 3a7avyax OLECHKH
TOYHOCTH PE3yJIbTaTOB KOCBEHHOTO H3MEpPEHHS? 3amuiiuTe oOIiee
BBIpAQXKEHHE U1 Beca (PYHKIMU C UCIOJIb30BAHHUEM 3HAYEHUU BECOB
BEJIMYUH-apPTyYMEPTOB.

9. Kak BBOIUTCS MOHATHE «CPETHEKBAIPATUUECKOE OTKIOHCHUE
eauHuIbl Beca»? Kak HalTH CpelHEKBaJpaTUYECKYyH MOTPEHIHOCTh
pe3yJibTata U3MEPEHHsS WK €ro (PyHKIIMU MO M3BECTHOMY 3HAUYCHHIO
CPEIHEKBAIPAaTUUECKOTO OTKJIOHEHUS €IMHUIIBI Beca?

10. Kakue 3Ha4YeHUS] HEHOPMHUPOBAHHBIX BECOB OOBIYHO IMpH-
CBaMBAIOTCS pe3ysibTaTaM PaBHOTOYHBIX M3MepeHui? Kak oHu u3me-
HSIOTCS, €CJIM UCITOJIb30BaTh HOPMHUPOBAHHBIC Beca?

11. PaccuuTaiite Bec pynkumu h=zxaxxby+cz, eciu ussect-

HbI Beca BEJIMYMH-apryMepHOB (,, 0,, 0,. Kak u3MeHUTCS BeC ITOi

(byHKIMY TIpY PaBHBIX 3HAYEHHUSIX BECOB O, =(, = 0,7
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12. I3MepeHbl TpU BEIUYUHBI X, Y,Z ¢ U3BECTHBIMU BecaMHu (, ,
d,, d,- Onpenenure BeC BEIUMYUMHBI W, €CIIM OHA CBS3aHA C BEJIUYM-
HaMU X, Y, Z CIEAYIOUMMU COOTHOLICHUSIMU:

w=2(x+Yy)+Z7,
2

_IX
= iy,

Sin X + cosy
w= :

esz

13. Yemy paBeH BeC CyMMBI YIJIOB TE€OJOJUTHOro xonaa? Bec
CyMMBI JIMHEMHBIX WU3MEPEHUN BBITSHYTOI'O IOJIUTOHOMETPUYECKOTO
xoqa? Bec mpeBblllieHUs] HUBEIIMPHOTO XOJa, MPOJIOKEHHOTO B pPaB-
HUHHOW MECTHOCTH?
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I'maBa 5
O0padoTKa pe3yIbTATOB COBMECTHBIX M COBOKYITHBIX
U3MepeHunin

8 5.1 Oco0eHHOCTH COBMECTHOI 00padOTKH pe3yJibTaToB
U3MepeHNH HECKOJIbKNX BeJIUYHH

[Tycte umeercs Hekotopas ¢ynkmms Y= f(X,..,X ), orpa-
KaroIasi CBSI3b BEJIMUUHBI Y M BEIUYUH X,,..., X, [JIe M — 9HUCII0 ap-
I'YMEHTOB (YHKIIMH Y. DTy 3aBUCUMOCTh MOXHO 3aIlcaTh B BHUJC
y- f(X,...,X,) =0. dakTuvyecku, eciu W3BECTHBI TOYHBIC 3HAYCHHUS

BEIMYUH Y, X, ..., X, ¥ Bua ¢GyHknuu f, 1100yr0 w3 BenuyuH

m

Y, X{s ..y X, MOKHO BBIPa3UTh Y€pe3 BCE OCTaBIIMECS. DTOT (PAKT OT-
pakaeT HesiBHasl (hopMa 3anucu UCXOAHON (DYHKIIUH

J (Y, X, X%,) =0.

OTta 3anuch (PYHKIMOHAIBLHOW CBA3U BEIMYHMH OTPaXXaeT TOT
dakT, 4To M000€ M3MEHEHUE 3HAUYCHUSI OJHON U3 BEJIWYUH HEU30EK-
HO BJICYCT U3MEHEHHMS BCEX APYrUX (MM XOTS Obl YaCTH U3 HHX).

Hanuure ¢yukipoHanpaoi cssu | (Y, X,..., X ) =0 npuBoauT

K TPEM THUIIaM 3a]1a4.

K 3agauam nepeoco muna oTHOCSTCS 3aAayv ONPEACICHUS OJl-
HOW WM HECKOJbKHX HEU3BECTHBIX BEIMYMH K3 COBOKYIMHOCTHU
Y, X{s ---y X, IO U3BECTHBIM 3HAYEHUAM JPYIUX BEIUYMH, BXOIALIMX B

3Ty COBOKYMHOCTh, HA OCHOBE MX M3BECTHBIX (DYHKIIMOHAIBHBIX CBS-
3ed. Eciu npearonokuTh, 4TO U3BECTHBIE U HEU3BECTHBIC BEJIUYUHBI
HAXOJATCS B IPUYMHHO-CJIEJICTBEHHBIX OTHOIICHUSAX, TO B PaMKax
JJAHHOTO TWIIA 33a7a4 BO3HUKAIOT HpAMble 3a0ayu, €CIA WU3BECTHBI
MIPUYHHBI, @ HEU3BECTHBI CIEJACTBUS, U 0Opamuvle 3a0auu, €Ciiv, Ha-
OpPOT, HW3BECTHBI CJIEJICTBUS, a4 HEU3BECTHbI NpUUMHBIL. [Ipumepom
MPSIMOU 3a7]a4d SIBJISIETCS OIPENCIEHUE OJIHOM HEU3BECTHOW BEIIMYU-
HbI (ITyCTh 3TO OyJeT BeIWYUHA Y ), IPEACTABICHHON B BHJIC U3BECT-

HoW ¢yHkmuu Y = f(X,...,X ). K Takoro poma 3amadam OTHOCSTCS

3a7aul 00pabOTKU KOCBEHHBIX M3MepeHuil. O0paboTka MpsIMBIX W3-
MEPEHUM, KOT/1a BEIMYUHBL X, ..., X ABIAIOTCS pealu3alusIMU OJHON

Y TOM K€ CIIy4aliHON BEJMYMHBI X, a BEIMYMHA Y = X — OLICHKOM HC-
TUHHOT'O 3HAYEHUS BEJIMUYUHBI X, TAKKE BXOAUT B ATy IPYIIILY 3a7a4.
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Ko eémopomy muny oTHOCATCS 3a7auu yTOYHCHHS BHIA (QYHK-
IIUOHATBHOU 3aBUCUMOCTH | (Y, X,,..., X)) =0 1Mo u3BeCTHBIM 3HAUCHU-

SIM BEIIMYUH Y, X,..., X ... OOBIYHO peub HJeT 00 yTOUYHEHUU NapaMeT-

poB (GYHKIIMOHATBLHOW 3aBUCUMOCTHU JJIs U3BECTHOTO Kiacca (yHK-
nuii. Takue 3amaum 0OBIYHO HA3BIBAIOT 3A0AUAMU ANNPOKCUMAUUM.
Ecnu 3HaueHus Benu4uH Y, X,..., X HM3BECTHbI TOYHO, TO PELICHUE

JTAHHOM 3aJa4¥l HOCHUT TPUBHAJIBHBIA Xapaktep. OaHako mpu obOpa-
OOTKE NTaHHBIX U3MEPEHUU BEIWYUH Y, X ..., X, OTIMYAIOIIUXCA OT

UCTUHHBIX 3HAYCHHH BCJICACTBUE HEM30EKHBIX IOTPEIIHOCTEH, PeIlie-
HHUE TOJIOOHBIX 3a7a4 TPeOyeT IPUMEHEHHS CIICIIHAIBHBIX IIPUEMOB.
PaccmoTpum GyHKITMOHATBHYTO 3aBUCUMOCTD | (Y, X,..., X ) = 0.

JInst Toro 4toObl MOMYEPKHYTH BO3MOXHOCTH KOPPEKTHPOBKH BHA
3TOW 3aBHCHUMOCTH 10 PE3yJIbTaTaM WU3MEPEHHH BEIHYUH Y, Xj,..., X,
3anuieM ee B Buae J (Y, X,..., X1 8g,-.,&,) =0, e a,...,a, — Ko3p-
¢unmenTsl, omnpexaensiomme paznuuus ¢yskmwmii Y = f(X,...,X ) B
pamKax 3aanHoro cemeiicta dymxumii. Iycrs {y}, {x,}1...., {x,};

— MHOXECTBAa PE3yJbTaTOB COBMECTHBIX W3MEPEHUN BEIMYMH
Y, X.y...y X . [10 pe3ysibTaTaM 3THX U3MEPEHUI MOXKET OBITH TOCTPOEHA

CUCTEMA N YCIOBHBIX YPaBHECHUMU:
j (yl’xll""’xml;aO""’a‘m) :nl;
I (Vas Xgeees X3 8gseey 8 ) =N

j (yn1X1n1"'1an;ao1---,am) =nn .

Ecnum Obl pe3ynbTaTbl U3MEpPEHHH VY., X ,...,X; OBUIM CTPOro

mi
pPaBHBI UCTHHHBIM 3HAYCHUSIM BEITUYHH Y, X,,..., X , TO BCE ypaBHEHHUSI
BBIPOIWIINCH ObI B 01HO ypaBHeHHE | (Y, X,..., X ;8,,...,a,) =0. Oxn-
HAKO BCJICACTBUE HAIMYUS IMOTPEITHOCTEH M3MEPEHUH JICBBIC YaCTH
BCEX YPaBHCHHMH OTJIMYAIOTCS APYT OT JPYra, a UX IpaBble YacTH HE

PaBHBI HYJIIO. BenmnuuHbl N,, CTOSAIINAE B MPABBIX YaCTAX YPaBHEHHH,

Ha3bIBAIOT HeeA3Kamu. Y CTpaHUTh (MM YMEHBIIINUTh) HEBA3KU MOKHO
NyTeM IPAaBUJIBHOTO BBIOOpA MapaMeTPoOB &,,...,a,,. ITU NapaMeTphl B

paCCManHBaeMOﬁ CHUCTEMC ypaBHeHHfI ABIAKOTCA HCEHU3BCCTHBIMMU.
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Pemienue 510l cucTeMbl MOXKET OBITh HAWJIEHO, €CJIM YUCIIO ypaBHE-
HUM OyJlIeT HE MeHee uucia Heu3BecTHhIX N3 M+1. IIpu aToMm pere-
HUE MOJXKET OBITh HAWJICHO JIUIIb MPUOIMKEHHOE, YI0BIECTBOPSIOIIEE
HEKOTOPOMY KpUTEpHI0. B KauecTBe TaKoro KpUTepusi 4acTo UCTOJIb-
3YIOT CYMMY KBaJIpaTOB HEBS30K, a PEIICHUE HIYT U3 YCIOBUS JOC-
TKEHUSI MUHUMYMa 3TUM KPHUTEPHUEM, TO €CTh METOJ0M HaMMEHb-
IITUX KBaJpaToB.

Tpemuii mun 3ana4 Takxke CBA3aH C 00paOOTKOW MAHHBIX CO-

BMECTHBIX U3MEPEHUM BCEU COBOKYIHOCTU BEIUYHUH Y, X,..., X . Ilpn

TOM BUJ (PYHKIIMOHAIBHON 3aBUCUMOCTH YTOUHEHHUIO HE MOJJICHKUT,
TaK KaK OINpEAENseTCs] HEKUMU BHEIIHUMH YCIOBHSIMH, YaCTO 3aKO-
HOMEPHOCTSAMU (PyHAAMEHTaJIbHOIO Xapakrepa. EJUHCTBEHHBI MyTh
COrJIaCOBaHMUSI B paMKax HE3bI0JIeMO MoJenn (GyHKIIMOHAIBHOU CBSI-
31 BEJIUYUH Y, X,..., X , P€3YyJbTaTOB U3MEPEHUH, NOJTYYEHHBIX C IO-

I'PELIHOCTSIMH, CBSI3aH C BBEICHUEM HONPAGOK K MOJYYECHHBIM 3Haye-
HUSM BEIWYWH. BBeleHUE TakuX MOM»PaBOK NPUBOJIUT K TOMY, YTO
UCIIPABJICHHBIE PE3yJIbTaThl B OOJBILIEH CTENEHH COOTBETCBYIOT TEO-
pETUYECKON MOJENN WX (PYHKIHMOHAIBHOW CBSA3U, MO CPAaBHEHUIO C
VCXOJHbIMU 3HAYCHUSAMHU. PAaKTUUECKU BBEACHHUE IOIPABOK PETYJIU-
pyeT CMELIEHUE pe3yabTaTOB HU3MEPEHUM OTHOCUTEIBHO HMCTUHHBIX
3HAYECHHMI. OTy NPOLENYPY HA3BIBAIOT YPAGHOGEUIUGAHUEM WU
ypasuueanuem pe3yJbTaTOB U3MEPEHUH, a BECh TPETUM TUII 3a1a4 —
3a0auamu ypaeHuU6aHUuA Pe3yIbTaToB.
B 3TOM cityyae cuctema yCiiOBHBIX YPABHEHUM UMEET BUJ

j (yl' Zoy X1 = Zyyeeny Xy - Zm):nl;
J (Yor 200X = Zyees X = Z) =Ny,

J (yn - Z0’)(1n - Z1""’an - Zm) :nn'
VerpanuTh (MM YMECHBIIWTB) HEBS3KH YCIOBHBIX YPaBHEHHIMA
MOJKHO ITyTEM TIPAaBUIBLHOTO BHIOOPA TIOMPABOK Zy,...,Z, . DTHU IOMpPaB-

KU B PacCMaTpPUBAEMOM CHCTEME YPABHEHUM SIBJISIFOTCS HEU3BECTHBI-
MHU. Pelienre 3Toi CUCTEMbI MOXKET ObITh HAaMEHO, €CJIM YHUCIIO ypaB-
HEHMII He MeHee unciia Heu3BecTHbIX N3 M+1. Ilpu sToM pemenue
MOXET OBITh HAWJIEHO TaKXXe JIUIIh MPUOIMKEHHOE, YIOBJICTBOPSIO-
11€€ HEKOTOPOMY KPUTEpHIO. B KadecTBe TaKOro KpUTEpUS U B ITOU

104



rpynne 3aja4 4acTo UCIOJIb3YIOT CYMMY KBaJIpaTOB HEBSI30K, a pelie-
HUE WINYT U3 YCIOBUS JOCTMKEHUS MHUHUMYMa 3TUM KPUTECPHUEM, TO
€CTh METOJIOM HAaWMEHBIIIUX KBAJIPATOB.

[Ipu coBMecTHOM 00pabOTKe pe3yIbTaTOB T'€OAC3UUECKUX U3ME-
peHUIl MOTYT BO3HHMKATH 3aJladyd BTOPOTO THMA (armpoKCHMAIIUH), a
O0COOEHHO YacTO — 3aJlauyd TPEThEro THUMa, TO €CTh 3aJauyd ypaBHUBA-
Hug. [IpuMeuarenbHO, 4YTO 3aJayd aNIPOKCHUMAIUM MOTYT OBbITh

TpaHc(OpMUPOBaHBI B 3a7a4d ypaBHHMBaHHS U Hao0opoT. [Tokaxkem
3

3TO Ha MPOCTOM IpUMeEpE JIMHEHHON PyHKIUU Y = é_ X =X +X +X,.
t=1
[lycte X, — 3HaU€HUS YTIJIOB B TPEYTOJbHUKE, TOTJAa CHCTEMa yCIIOB-
HBIX YPaBHCHMH VIS 3a]]a4¥ BTOPOro THIa uMeet Buj (I = ﬁ)
a,X; +a,X,; +aX; - 180=n..
Ecmu o6o3naunte 8, =1+2z /%, t=12, 3, To cucrema ycios-
HBIX YpaBHEHHM IIpeoOpa3yeTcs K BUAY
Xj +Z + X +Z, + Xy + Z; - 18O:ni'
31eck Z, — COOTBETCTBYIOIIME MOMPABKU K U3MEPEHHBIM 3Haue-

HUSM YIJIOB TpEyrojbHUKA. Takum 00pa3oM, yCJIOBHOE YpaBHEHUE,
XapakTepHoe IS 3a7a4 anmpoKCUMAIH, TpachopMUpoOBaIoCh B yc-
JIOBHOE ypaBHEHUE JJIs 3a71a4 YPaBHUBAHUS.

8 5.2 OnpenesieHue mapaMeTpoB JHHEHHOH (PYHKIHH

PaccmoTpuM 3aauy COBMECTHOM 00pabOTKU pe3yJIbTaTOB U3Me-
PEHUN NBYX BEJIUYUH Y U X, CBA3AHHBIX JIMHEWHOW 3aBUCUMOCTHIO
oO1ero Buaa

y=ax+Db.

rae a, b — HeusBecTHBIC KOI(DPHUIIMESHTHI, TIOISKAIIHNE ONIPEICIICHHUIO
II0 COBOKYITHOCTH IOJIYYEHHBIX PE3yJIbTATOB M3MEPEHUM, BKIIOUYAIO-
mue muoxkectsa {y, }, {x}; .

CocTaBuM CUCTEMY YCIOBHBIX YPABHECHUM:

y.-ax - b=n,1=1n,n3 2,

Penienue cUCTEMbl YCIOBHBIX ypaBHEHUN OyJeM HCKaTh MpHU

BBITIOJIHEHUU CIEAYIOIIETO YCIOBUSA!

n
anz® min.
i=1
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TpeboBaHME TOMCKA PEIICHUSI B YCIOBUIX, KOTJa CyMMa KBaj-
paTOB HEBA30K YCJIOBHBIX YPABHEHUW NPUHUMAECT MUHUMAJIbHOE 3HA-
YEHUE SIBJISICTCA CICACTBUE MPUMEHECHUS ISl PEIICHUA 3314 Memo-
oa HaumeHbwiux Keaopamoe. PaHee Oblla paccMOTpPEeHAa BO3MOXK-
HOCTh MPUMEHEHMSI TOTO METOJIa MPHU PEIICHUU 3aaa4 00pabdOTKH
npsIMbIX (HENOCPEICTBEHHBIX) M KOCBEHHBIX HM3MepeHuil. Ilpu aToMm
OBLJIO JIOKA3aHO COBIIAJICHUE OIICHOK, IMOJYYEHHBIX METOJ0M Hau-
MEHBIINX KBaJPaTOB U MAKCUMAJILHOTO MPAaBAONOA00US IPU YCIOBUU
HOPMAaJIbHOTO 3aKOHA PaclpeiesiCHUsl pe3ybTaToB u3MepeHuu. Pac-
CMOTPHUM BO3MOKHOCTh €r0 IPUMEHEHHUS IPU 00pabOoTKe pe3yIbTaTOB
COBMECTHBIX U3MEPEHHUM HA MPUMEPE IBYX BEIUYUH Y M X, CBSI3aH-
HBIX JINHEWHOW 3aBUCUMOCTBIO.

Bo3Benem mpaBble U JIEBbIE YaCTU CPOPMUPOBAHHBIX YCIOBHBIX
ypaBHEHUH B KBaJIpaT U MPOCYyMMUPYEM MpeoOpa3oBaHHbIC ypPaBHEHUS

n n
é.(yi - ax - b)zzéniz'
i=1 i=1

CrenoBarenbHO, YCIOBHE JOCTHKEHUS MHHUMYMa CYMMOU
KBaJ[paTOB HEBA30K HJKBUBAJICHTHO MHUHUMHU3AUUM (YHKIHOHAJIA

S=4(y,- ax - b)*;

8 (y, - a - b’ ® min
i=1

®dyHKIMOHAT S — KBajapaTU4Has (QYHKIUSA HapameTpoB a, b,
CJIeIOBaTENIbHO, OHA HempephiBHA U Aud@epeHurpyemMa B 001acTu
skcTpemyma (pucyHok 5.1). Iloaromy mouck skcrpemyma (MUHHUMY-
Ma) OCYIIECTBIISIOT IYyTeM IPUPABHUBAHMS HYJII YaCTHBIX IPOHU3-
BOJHBIX S IO HEM3BECTHBIM IapameTpaMm a, b, pemas cucremMy ypas-

HEHUU
1é(yi-axi-b)2:(),
Ma iz
18 2
— - ax - b)) =0.
ﬂbg(y' ax - b)

[Tocne nuddepeHurpoBaHUs TOTYIUM

- Zé(yi-axi- b)XiZO,

i=1
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- 28 (y, - a - b) =0.

i=1
ToxxaecTBeHHBIE MPeoOpa30BaHUs MPUBOIAT K OKOHYATEIBHOMY
CHEAYIOIIEMY BUY CUCTEMbBI YPABHCHUMU:

aén. Xi2+bén. Xi :én Xiyis

i=1 i=1 i=1

Puc. 5.1. Cxema, WIUTIOCTpUPYIOIIAs MPOLETYPY MOUCKA

n
MUHEMyMa QyHKIMOHATA S= § (y, - ax - b)?
i=1

B pesynbrare mosiydeHa cucteMa ABYX JMHEHMHBIX YPABHEHHUH C
JBYMsI HCM3BECTHBIMH @ U D.

Pemas sty cucremy ypaBHeHuUi, Harpumep, Mmetoagom Kpamepa,
NOJTy4JaroT 3HAYCHUS MapaMeTpoB a u b, ompenensronume nomoxenue
ONTUMAJIBHOW JTUHEUHON 3aBUCUMOCTH, «HAWIYUYIIUM OOpa3oM» CO-
OTBETCBYIOLIEW AAHHBIM U3MEPEHUU. [ 3TOro CTPOSAT ONpeneauTe-
JIM CUCTEMBI
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zn n ~ zn n ~ z n ~
0O o O u o) o u o) u
ax axg A XYy axg eax ax¥g
D - é|:1 1=1 l:l D - éI:l i=1 U D - éI:l 1= l:l
) L S Th = é‘ >
éax n éay nd éax ayu
€i=1 L € i=1 L €i=1 i=1 L

a C UX MMOMOIbIO PACCYHUTHIBAIOT 3HAYCHU MapaMCTPOB A U b:

b naxy-axay o axav- axéxy.

q=_—"a=_iz i=L =l b= _—"b =i iz =l i=
]

D 8 D
nd - & X2 nd x2- 8 x 2 >9 2
i=1 9|—1 i=1 ei=x1

05

2

Ha pucynke 5.2 npencraBiieHa HalJIeHHAs! B TIPOIIECCE PEIICHUS
3aJla4d ONTUMAajbHas JIMHECHHAs 3aBUCHUMOCTh Y =aX +b (o0o3naue-

Ha HyHKTHpHoﬁ JUHUEH, TMepeceKkarole och abCcuucc B TOYKE
=-b/a nox yrimom | =arctga). IIpsmas «HamIydImm oOpazoM»

NIEPECEKAET OKPECTHOCTH ToUeK (0003HAUYCHHBIX YEPHBIMH KPYKKaMH)
C KOOpJIMHATaMU (xi Y ), COOTBETCTBYIOLIMMH IIapaM PE3yJIbTATOB CO-
IJIACOBAHHBIX U3MEPEHUN BEIWYMH Y U X. HeBsA3kM yCIOBHBIX ypaB-
HEHUH N, A1 KaXJA0W napsl pe3yJbTaTOB 0003HAYEHbI BEPTUKAIbHBI-
MU OTPE3KaMH, COCAUHSIOIIMMH SKCIIEPUMEHTAIbHbIE TOYKU C HaW-
JICHHOW nuHMed Y =ax+Db. CumBonamu Y, 00O3HAYCHBI KUCIIPaB-
JICHHBIC» 3HAYEHUS BEJIMUYUHBI Y, JIEKAIME HA HAWJICHHOU IIPSAMOMN.

MeToa HauMEHbIIMX KBAAPAaTOB, MUCIIOJIb30BAHHBIN I MOJIyYe-
HUS ONITUMAJIBHOM JIMHEMHOW 3aBUCUMOCTU BEJIMYUH X, Y II0 PE3Yyib-

TaTaM MX COBMECTHBIX M3MCEPCHHMH HANpsSMYyI0 HE OMHUpPAETCS Ha Ka-
Kre-JIN00 BEPOSITHOCTHBIE MpejacTaBiieHus. [loaToMy menecoodpasHo
COIOCTaBUTh PE3YJIBTATHI, MOJTYYEHHBIC 3THUM METOJOM W METOJIOM
MaKCHMaJIbHOTO mpajonoaoous. Ilycte (kak m paHee) mMeercs N

) n . P
IAPHBIX U3MEPECHUN BEIIMYUH X, Y {)(i Y }1, rae | =1,n. ITo gaHHBIM
U3MepeHull HeoOX0IMMO HAWTH OLICHKHU mapaMeTpoB a u b, a Taxke
o 2 2 o
OLICHKH MX jaucnepcuit S, U S, . O CTaTUCTUYECKUX CBOWCTBAX pe-

3yJIbTATOB U3MEPEHUN U HX IMOTPEIIHOCTEU CHEJIAEM CIIEAYIOIIUE
MPEATIOTI0KECHUS.
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Puc. 5.2. — CxemaTtndueckoe npeACTaBICHUE HAalJEHHON
ONTHUMAIbHOU THHEWHON 3aBUCUMOCTH, «HAWITYYIIIUM 00pazom»
OTPAXKAOUIEH PE3YJIbTaThl COBMECTHBIX U3BMEPEHUN BEJIUYHUH Y U X

1. 3naueHus X, U3BECTHBI TOUHO, T.€. 0€3 MOrPEIIHOCTEN.

[Ipu 00paboTKe NAaHHBIX PEANbHBIX M3MEPEHUN TaKoe Mpe.ro-
JIO’KEHUE Bps I OyAeT BBITONHATHCA. CKOpee BCero, MOrpelHOCTH
Dx. pacnpeneneHbl 0 HOPMAIBHOMY 3aKOHY M MOTYT OBITh IE€PECUH-
TaHbl B MOrpelIHOCTU DYy, . DTO mpuBeaeT K yBEIMUYECHHUIO AUCIEPCUU
pacnpeneneHusl BEJIMYUH Y, 4TO JOJDKHO YYHTBHIBAThCA B IIpoLiEcce

00paboTku naHHBIX. [lamee OyneT JoKa3aHa CIPaBEIJIUBOCTh TAKUX
COOOpa)KeHUH, a MOATOMY He OyAEeT OIMOOYHBIM I0JIarath X HM3BECT-

HBIMH TOYHO.
2. PacnpeﬂeneHHﬂ BCJIINYHNH yi B3aMMHO HE3aBUCHUMBI, UMCHOT

2
OIHY W Ty € JHUCIEPCHUI0 S ° W OTBEYAIOT HOPMAJIbHOMY 3aKOHY.
Pacnipenenenus Yy, uUMEOT MareMaTU4eCKHE OXUAAHUA Y,, KOTOpBIE
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COBIIQJAIOT C TOYHBIM 3Ha4eHHeM (QyHKIuu ax +b. Drto mpexamoio-
YKEHHE WILTFOCTPHUPYET PUCYHOK 5.3.

vt <
S )?/

] . 7o By,
& \ /c/ v,
17, ;>>\ P(y)

S
// o/ (V)
e
/ 1 i n
//yzax+b
/

)4
Puc. 5.3. Cxemarudeckoe npecTaBieHue HalIeHHOM

ONTUMAIILHOM JIMHENHOU 3aBUCUMOCTH KaK JIMHUU, COEIUHATOIICH
TOYKH, B KOTOPBIX BEJIMYMHA Y MPUHUMAET 3HAYEHUE MATEMATUUECKOTO

OKHUJaHUA yi y CBA3AaHHOI'O C COOTBCTCTBYIOIIKUM 3HAYCHNEM XI

Pacnipenenenue mioTHOCTH BEPOATHOCTH BEJIMYMHBI Y, BOKPYT

TOYHOTO 3HAYEHUs ax, + b ompenenser BhIpakeHUE:

_ Ll gl D (ax D
e

Bcenencrsue B3aMMHOM HE3aBUCUMOCTH 3HAYEHUW Y., Ha3bIBae-

AN

— —

MOM (YHKIHMEH ™paBIONOA00MS, OMPEACISIIOT KaK IPOU3BEIACHUE
IUIOTHOCTEN BEPOSATHOCTEN PACIIPEICIICHUIN OTICIbHBIX U3MEPEHUM:

L(Yys Yorees Vi) =6 p(y) =

i=1
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_83@_ eXIO%'ZSZa[Y. ax|+b)]%

HartypanbHsiit torapudm GyHKIUK npagonooous paBeH

1 g
s zaly - @+l
i=1

n n
InL=-—In(2p)- —Ins ? -
5 (2p) >

Ortenkamu @, b, S ? ABJISIOTCS 3HAYCHUS, pu KOTopeIX L U co-
OTBeTCTBeHHO |NL mocTuraroT mMakcuMmyma, T.C. peau3yeTcs Hau-
0o0JIbIIIas BEPOSTHOCTh MOJYUYEHHSI COBOKYIMTHOCTU JAHHBIX pe3ysibTa-
TOB M3MEPEHUN. DKCTpeMyM QyHKIHH INL HaXoAsaT ¢ HCHOJIb30BaHU-
€M CJIEAYIOIINX COOTHOIIIEHUM:

finL/fa=0, YInL/Mb=0, 9InL/fs?=
CI/ICTeMa ypaBHeHI/Iﬁ OTHOCHUTCJIIbHO MCKOMBIX IIapaMCTpPOB IIPH-
MCT BUM.

él[xi(yi-ax—b)h
%(yi-ax-b)w,

=a(y - ax - b’
i=1

JIBa mepBBIX YPABHEHUS €CTh HE YTO MHOE, KaK PACCMOTPEHHOE
BBIIIE YCIOBUE IOCTHKEHUS MUHUMYMa ()YHKIIMOHAJIOM

s:él[yi-(awb)]z.

PelieHne cuctemMbl 3TUX ypaBHEHHUM ObUIO yKE TOJIYYEHO!

naxy-axay o axay-axaxy
q=_i i=1 ':12 Cp=i = i= i_12
N X - 8%&— néxz-gﬁxg
i=1 e._1 i=1 izt @
TpeTbe ypaBHeHHE maeT HambOosiee IPHEKTUBHYIO oueHKy TiC-
y 1 L[y - (& +b)]°
) = ex
nepcun pacnpenenacauii  P(Y,) sV2p p% o ? [\; Ec-

71, KaK ¥ paHee, npeanovectb 3PHEeKTUBHON, HO CMEUIEHHOM, OLICHKE
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JTUCIIEPCUU YyTh MeHee Y(P(HEKTUBHYIO, HO HE CMEILIEHHYIO, TO OLIEHKA
JTUCIIEPCUN OYZIET ONPENEHATHCA CAEAYIOIUM COOTHOILIEHUEM:

‘ mg 2 5 Gl
Szziil,nényz_%ygz_ggl)gyi-gxlgzigiy
n- 2| i=1 | ei= Iﬂ nér’i Xiz' (;n X,9 |

T i=1 €i=1 @ b

Ouenum Tenepsr aucriepcuu mapameTpoB. [IpeoOpazyem Bbipa-
YKEHHE I A

n 1
j:]_ o _ S\ 2
a (x; - X)
=1
[Tapamerp @ ymaaoch HPEACTaBUTh KaK JUHCHHYIO KOMOHHA-
K10 (B3BEUIEHHYIO CyMMY) B3aMMHO HE3aBUCHMBIX BEJMYUH Y, TaK

g X;- X 1
a=aky, k=4 X==

KaK Koo(puuuenTsl (Beca) K; 3amanbl TOUHO (Kak CIETyeT U3 EPBOTO

MPEANOJIOKEHUS O CTATUCTUYECKUX CBOMCTBAX BEIUMYUH X, Y. Crieno-

BaTEJIbHO, TapaMeTP @ PacHpeielieH 10 HOPMaIbHOMY 3aKOHY, a €ro
2 ~ fvd

aucnepcust S, IpeacTaBisieT co00il JMHEHHYH0 KOMOMHAIMIO JIHC-

o 2 o
nepcui BenmuuuH Y, ¢ kooppuunentamu K. 310 CBOKCTBO CIOKEHUS

HOPMAJIBHBIX PACIpPENCICHUN MMUPOKO HCIOJIB3YETCA INPU aHAIN3E
IIOIPELIHOCTEN KOCBEHHBIX U3MepeHun. Toraa

n nSZ
sZ=qk’s’=
j=1

S , & o
naxi—SG%[ZXi;j

i=1
Paccmotpum aucnepcuto napamerpa b. AHamornddsiM o0pa3om
npeoOpa3zyeM BhIpaXKEHUE JIJIs1 pacueTa 3HaYCHHS 3TOTO MapaMeTpa.

2 (9] 2
BeIpa3uM cBsA3b S © ¢ IUCIIEPCUEH S
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ég >y2U
s ? :sjéé X2 - n(X)% ..
=1 H
HOHCTaBHﬂH €TI0 B BBIPAXKCHUC JIA S lf’ [MoJIy4nm

sZ g
2 a L 2
n =
Nuorna nipu 00paboTKe pe3yIbTaTOB U3MEPEHUM JTUHEHHO 3aBU-
CHUMBIX BEJIMYMH HEOOXOIUMO HAWTHU KOOPAMHATY TOUKH MEePECCUCHUS

rpadukom Yy =ax+b ocu X

C

| T

CooTBeTCTBYIOIAsA AUCIIEPCHUS PACCUMTHIBACTCS MO dopmyie
JUISL OTIPEACICHUS TUCTIEPCUU MYJIbTUIIMKATUBHON (DyHKIIUU

sZ=c’(sZ/a®+s}/Ib%).

[IpoBeneHHBIN aHAIU3 TTOKA3BIBET, YTO METO/ HAUMEHBIIINX KBaJl-
paToB M B ciaydae O0OpabOTKH PE3ylbTaTOB COBMECTHBIX H3MEPECHHI
UMEET BITOJIHE HAJEKHOE CTAaTUCTHUYECKOE 0OOCHOBAHHE MPU YCIOBUH,
4YTO U3MEPSIEMbIE HAPbl 6eAUYUH PACTIPEICIICHBI 0 HOPMAILHOMY 3a-
koHy. [loaToMy (opmysibl, MOMydEHHBIE C MCIIONB30BAaHHUEM METOJIA
MaKCUMaJILHOTO MPaBAOINOA00Ms, BIIOJIHE MPUMEHUMBI JUISI OIICHKH Ka-
4eCTBA PEIICHUH, MOTYYSHHBIX METO0M HAaUMEHBIITNX KBaIpaToB.

§ 5.3 O6masi cxeMa NpUMeHEHHS MeTO1a HAMMEHBIIIUX
KBa/JIpPaToB NMpHu 00padoTKe COBMECTHBIX M3MePeHUil

PaccMmoTpennas B 85.2 mporieypa penieHus 3a1a4i COBMECTHOM
00pabOTKHU pe3yJIbTATOB U3MEPEHUN ABYX (QU3UUYECKUX BEIUYMH, CBS-
3aHHBIX 3aBUCUMOCTBIO Y = aX + b, npogemoncrpuposana, uto meton
HAaUMEHBIINX KBaAPATOB yAOOHO MPUMEHSTH B Clydae JUHEUHOU 3a-
BUCUMOCTHU U3MEPSIEMBIX BEJIUYHH.

PaccMoTpuM MopsiJIoK pelieHus 3aa4l COBMECTHOM 00pabOTKu
pE3YJIbTaTOB HW3MEpPEHHsT M>2 CBSA3AHHBIX JIMHEWHO BEJIWYUH
X, Y, Z ..., W:

ax+by+cz+..+kw=h,
rae a,b,C,...,K — HensBecTHBIE KOXPPUIIMEHTEI, TOAJIEKALIKE OIpE-
nenenuio; h — cBoboaubid wieH. Koaddunuentsr a,b,c,...,K ompene-
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JIAIOT MO COBOKYIHOCTH TMOJNYYEHHBIX pe3yJbTaTOB COBMECTHBIX M3-
MepeHuil BeNMYMH X, Y,Z ..,W, BKIIOYAIOIUX MM  MHOKECTB:
{)(,}f{y,}i1 {Z|}l1 {W,}i1 i =1,n. C y4eToM TOro, 4T0 pe3yJIbTaThl
M3MEpEHUs BENUUHUH X, Y, Z, ..., W BCJIEJCTBUE HAIMYUS MOrPEIIHOCTEN
HUKOTJa HE PaBHbl MCTUHHBIM 3HAYEHUSIM, MOKHO C(pOPMHUPOBATH
CHUCTEMY YCJIOBHBIX YpaBHEHHUIA

ax +by, +cz +...+kw - h =n,,

rJe N, —HeBsi3Ka 1-0ro yCIOBHOTO ypaBHeHus, | =1,n, n3 m.

Torma, mpuMeHsisE METOJT HAUMEHBIIINX KBAJPaTOB, HAXOAUM OTI-
TUMaJIbHOE MPUOJIMHKEHHOE PELICHUEe 3TOM CUCTEMbl YpaBHEHUM, MU-
HUMU3HPYSI CyMMY KBaJIpaTOB HEBSA30K N,, UTO AKBUBAJIEHTHO MHUHH-

Mu3anuu GyHKIHOHAIa S = én_ (ax +by +cz +...+kw - h)?

i=1
Ffl(a& +by +cz +...+kw - h)*® min
i=1

OyHknuoHan S — KBaApaTudHas (QYHKIUS [MapaMeTpoB
a,b,c,...,K. Takue dyHkiuu HermpepbIBHBI U AuddepeHIpyeMBl B 00-
nactu sKcTpeMyma. [loatomy mowck 3kcTpemyma (MUHUMYyMa) OCYIIe-
CTBJIIFOT IIyTE€M IPUPABHUBAHUSA HYJIO YaCTHBIX IMPOU3BOJIHBIX S 10
HEU3BECTHBIM NapamerpaMm a,b,C,...,K, pemas cucremy ypaBHeHuii

1én(a>g +by +cz +...+kw - h)?=0,
Na =

1én(a>q +by +cz +...+kw - h)*=0,
b %

1

18 (@ Fby Fez oy - 1) =0,

1f:r’]l(a)g +by +cz +...+kw - h)*=0.
TK iz

[Tocne nuddepeHmpoBanus U JIEICHUS MPABOM U JIEBOM YaCTH
Ka)KJIOTO YPaBHEHHUS Ha MMOCTOSHHYIO BEIMUUHY (—2) MOITyIuM

114



én(a& +by, +cz +...+kw - h)x =0,

1

n
o}

(a>q +by, +cz +...+kw - h)y =

a(a& +by, +cz +...+kw - h)z =0,
i=1

n
o]
a (aX| +byi +Cz +'"+kWi B hi)Wi =0.
i=1
Orcrola moJiydaeM CHCTEMY TaK Ha3bIBAEMBIX HOPMAAbHbBIX
YPA6HEeHUU.

n

aax+ba>9y.+ca>qz+ +ké>§W. a xh,

O5

i=1 i= i=1

aaxy.+bay. +cayz+ +kay.w ay.h
i=1 i=1 =1 i=1

a8 X7 +DA Y,z +CA 7 +..+ k& ZW, = azh
i=1 i=1 i=1 i=1

aaKW+bay. +cazW+ +ka W =g wh

=1 i=1 i=1
HpI/I HaIIMCaHHUU HOpMaJII)HbIX ypaBHeHI/II/I JaCTO ITIOJB3YIOTCA
0003HAYECHUIMHU Faycca WJIN TaK Ha3bIBAEMBIMH «CKOOKAMU Faycca»:

8¢ =], & xy =bol, & x2 =[x, & xw =[], § xh =[xt].

i=1 i=1 i=1 i=1 =1

[o}

g J
OueBHIHO, YTO a XY, =a Y, X, To eCTb [Xy] :[yx] Amnanoruy-
i=1
Ho [xz] =[], [xw] = [vvx] M TaK Jalee.
O6o3Havas moAOOHBIM 00pPa3OM BCE€ CyMMBbI, BXOJSIINE B CHC-
TEMY HOPMAaJIbHBIX YPaBHEHUH, IOJIyYHM

axx] + b[xy] + c[xz] + ...+ k[>xw] = [xh],
axy] +blyy] +clyz] + ..+ Klyw] =[yn],
a[xz] +blyz] + c[zz] + ...+ k[zw] = [ z1],

a[>xw] + b[ yw] + c[ z2w] + ...+ k[ww] = [wh].
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OCOOEHHOCTBIO CUCTEMBI HOPMAJIBLHBIX YPABHEHHUH SIBIISIETCS TO,
YTO OHA OOBEIUHSET CTOJBKO YPAaBHEHUM, CKOJIbKO HEU3BECTHBIX KO-
s¢¢punmentos a,b,c,....K HE0OX0mMMO OmpenenuTh, TO €CTh CUCTEMA
HOpPMAaJIbHBIX YPAaBHEHUM — CHUCTEMa M JMHEWHBIX YPaBHEHUHM C M
HenszBecTHbIMU. Ecniu aTa cuctema XopoIo o0ycaoBIeHa, TO €CTh B €€
COCTaBE€ OTCYTCTBYIOT YPaBHEHUs, NIPEACTABIIAIONINE JIMHENHBIE KOM-
OMHAUMUM APYTUX YPABHEHUM CHUCTEMBI, TO PEIIEHUE OYJIeT €AUHCT-

BEHHBIM.
CucreMy HOpMalbHBIX YPaBHEHUW MOXHO 3alucaTh B MaTpU4-

HOM BUJIE.

dol Dol [l . Dlosan dxnlo
Dol [l [y . [w]%oY Gynld

bl [l [ . [wligot= ol
o] [yl [o0] .. [owleeke dwnlg

Martpuiia, coctaBiieHHasl U3 «CKOOOK ['aycca, cToAmux psjaoM ¢
HEU3BECTHBIMU KOA(DPUIIMEHTAMH YPaBHEHHI HOPMaJbHOW CHUCTEMBI,
oOJsiailaeT IBYyMsI BaXKHBIMU CBOMCTBaMHU KO3((UIIMEHTOB, HEU3BECT-

HBIX B OTOU CUCTEME YPABHECHUN !
- 3TA MATPHUILIbI CAMMETPHUYHBI OTHOCUTEJILHO TJIABHOM JUArOHAIIH;

- BCE DJIEMEHTHI, CTOSIIIME HA TJIABHOW JMArOHAII, [OJIOKUTEIIbHBL.
HopmanbHas cuctema ypaBHEHUN MOXKET OBITh pELICHA JIFOOBIM
U3BECTHBIM CIOCOOOM pEIICHUsI CUCTEM JIMHEUHBIX ypaBHEHUN. MbI
OyaeM HMCHoJb30BaTh s 3TOro Mero] Kpamepa, orpaHUYUB YHCIIO
HEU3BECTHBIX KOA(PPULIHUEHTOB JO TPEX U TEM CaAMbIM YMEHBIIHB YHUC-
JIO YPABHEHUW B CHUCTEME TAaKXKe JO0 TpeX. Torma mojaydyuM CHUCTEMY

HOPMAJIBHBIX YPaBHEHUM BHUA

dx| [xy] Dluean gxhlu
I [w] [yZ]“eo”—gyh]“-
d [y [zlegeq dznlg

OnpenenuTenn 3TOM CUCTEMbI UMEIOT BUJ
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[ [xy] [x]
D=|[x] [w] [yd=
xz] [yz] [Z]
=Dyl zz] + 2xy|lyzl[xz] - [x2|[yy]- [l - [y2]" [,
x| ] [l
D, =|[yh] [w] [vz]=
4] [y [z

= [xnllyyllzz] + Dy llyzllzn] + [yh vzl 2] -

- eyl 2] - [w]lynliz]- [yl [xh],
:xx] :xh] [xz]
D, =|Dy] [yh] [y2] =
x7] [] [Z]

= D[ yh][zz] + [ xh][ yz][ xz] + [xy][ ][ 2] -
- [xz][yh[xz] - [xyl[xh][zz]- [yz][zh][x],
[ [xy] [xh]
D. =|[xy] [wy] [yn]=
[x2] [yz] [zn]
=[sd[yy][zh] + x| xy]lyh] + [xy] yz][ xn] -
- [xh]lyylxz- [xdlynllyz]- [xy[[zh],

C uCnosb30BaHUEM MOCTPOEHHBIX OIPEICTUTENICH PEIEHNE
CUCTEMbl HOPMAJIBHBIX YPABHEHU UMEET BUJL

a= & . b - & c= &
D D’ D
Tenepb HEOOXOIUMO OILIEHUTH MOTPEITHOCTU MOJYYEHHOTO pe-

3yJIbTaTa.

3azaya pemaercs, Kak U B ClIy4ae JUHEHHOW 3aBUCUMOCTH IBYX
BEJIMYMH, ITyTEM BBIJEICHUS OJHOM, MOTPEIIHOCTh U3MEPEHUS KOTO-
pOM CYILIECTBEHHO IMPEBBIIIAET MOTPEIIHOCTA U3MEPEHUIN OCTAJbHBIX.
YcnoBHbIE ypaBHEHUS TOT/Ia IPEOOPa3yOT TaK, YTOObI BEIUYUHA, U3-
Mepsiemas ¢ HauOOJIbIIIeW MOTrPeNTHOCThIO, OblJIa BhIJIEJICHA B CBOOO-
HbI wieH. Pe3ynbrarhl e HaOMOACHUWA X ,Y,,Z TOrja CUUTAOTCS
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TOYHBIMU. B 3TOM Cilyyae OLICHKH JUCIIEPCUU HAWJCHHBIX 3HAYCHUU
HEU3BECTHBIX MOKHO BBIUUCIIUTD, MOJIB3YSICh POPMYyJIaMHU:

~_Dy S

° D (n-m)

b — ’

D (n-m)
~_Dy S

° D (h-m)’

rne D,, D,,, D, — anre6pamueckue MOMONHEHHS DJIEMEHTOB |XX],
lyy] u [z] onpenenurens D coorBeTcTBeHHO (OHM MONYYAIOTCS IMy-

TE€M yJaJE€HUsI U3 MaTpHUIlbl onipeaenuresiss D cTonlua u cTpoyku, Ha
n

o Q 2
NIepeCeueHU KOTOPHIX HAaXOMUTCA NaHHBIA dJIeMEeHT), S=gn’° -—
i=1
3HaYeHUE (PYHKIIMOHATA CYMMbI KBAJIpaTOB HEBSI30K YCJIOBHBIX YpaB-
HCHUH B TOYKE €ro MUHHMyMa (IIpH MOJCTAHOBKE B HHUX IIOJYyYCHBI

ONTHMAJIbHBIC 3HAaYCHUS K03 duireHTos a,b u C.

Ha npakTuke He Bcerja norpemHoCTd U3MEPEHUM BCEX BEJIMYUH
MHOI'O MEHBIIE ITOIPELIHOCTH U3MEPEHUS BEJIIMYUHBI, BBIICICHHON B
IIPaBYIO YACTh YCJIIOBHBIX YPaBHEHUU. Te€M HE MEHEE U B TUX CIIydasx

KeJaTeIbHO MoIb30BaThest popmynamu mis S.,$7,S2 u S, nato-

IIAMHU TPOCTOE PEIIEHUE 3aJaud. BhIUMCIIEHHE OLECHKH AUCIIEPCUU
YCJIOBHBIX YPaBHEHUH 10 3TUM (HOpMysIaM MOKHO pacCMaTpUBaTh Kak
IPUBEJICHUE MOTPEMIHOCTEN JIEBBIX YACTEW YCIIOBHBIX YPAaBHEHUM K
MIPABBIM».

Meron HauMMEHBIIWX KBaJApPaTOB JAaeT BO3MOXHOCTb HAWTH
OLICHKU HU3MEPSAECMBIX BEIMYMH U OLEHUTh UX CPEIHHUE KBaJparuye-
CKHE OTKJIOHEHHS.

JloBepuTenpHbIE MHTEPBAJIBL JJ11 UCTUHHBIX 3HAYEHUN U3Mepsie-
MBIX BEJIMYUH CTPOST Ha OCHOBE pacnpeaencHuss CtbrogeHta. Hucmio
CTEIEeHEN CBOOOJIbI IPU 3TOM I BCEX U3MEPSIEMBIX BEJIUYUH PaBHO
n-m.

B kauectBe mpumepa NpUMEHEHUS METOJAa HAMMEHBIIMX KBal-
paToB IS COBMECTHOM 00pabOTKU PE3yIbTaTOB U3MEPEHUN pacCMOT-
PUM HU3MEPEHUE YIJIOB TPEYIOJIbHUKA C TPEXKPATHBIM MOBTOPEHUEM
HaOJIIOIEHUIA.
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ITycTe pe3ynpTaThl paBHOTOYHBIX U3MEPEHUM YTJIOB MPHUBEIUA K
CIEIYIOLIUM 3HAYEHUSIM:
X, =89°55(, y, =45°5(, z, =44°5/
X, =89°59¢(, y, =45°6(, z, = 44°55(;
X, =89°57(, y, =45°5(, z, = 44°58(,
Ecnu HailT KaxxIblii U3 YIJIOB KaK cpeoHee apupmemuueckoe
pEe3yJIbTaTOB COOTBETCTBYIOIINX HAOIIOJCHHI, TO MOJYYUM

X =89°57(, y =45°533(, 7 = 44°56,67¢.

N3BecTHO, YTO CymMMa YTJIOB TPEYTroJIbHUKA JIOJKHA yIOBJIETBO-

PATH YCIIOBUIO
X+y+2z=180°.

OpHako B pe3ysbTaTe W3MEPEHUN CymMMa YIJIOB MOJY4YUIIacCh

paBHOM
X+Yy+Z=179°59(

PaccMoTpuM, MOXKHO JIM YTOUHUTH 3TOT PE3YJbTAaT 3a CUET CO-
BMECTHOM OOpa0OTKHM IMOJYyYEHHBIX aHHBIX. BBIABICHHOE HECOBMa-
JIEHUE TECOPETUYECKOTO W U3MEPEHHOTO 3HAYEHUM CyMMBI YIJIOB Tpe-
YTOJIbHUKA — PE3yJbTaT MOrpemrHocTed uamepeHuit. Heobxoaumo
BBBECTH IOMpaBoYHbIe KodduimeHTsl a,b u ¢ Takue, yToOBI TOYHO

HN3BCCTHOC YCJIOBHUC ObLIO BBIITIOJIHEHO, TO €CThb
ax +by +cz =180°.

Hcxons u3 JaHHBIX COOOpakeHUM, (POPMHUPYEM CHUCTEMY YCIIOB-
HBIX YPaBHEHUMU

ax, +by, +cz - h=n,,
ax,+hby,+cz,- h=n,,
ax; + by, +cz, - h=n,,
roe h=180°,n.

. - HEBSI3KW YCIIOBHBIX ypaBHEeHHH, | =1, 2, 3.

Teneps COCTaBUM CUCTEMY HOPMAJIbHBIX YPABHEHUM:

3 3 3 3
ag X’ +ba xy, +ca xz =ha x,

i=1 i=1 i=1 i=1

3 3 3 3
aa xy +tha y'+cavz=hay,
i=1 i=1 i=1 i=1
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3 3 3 3
ad %z +ba yz+ca 7 =ha z,
i=1 i=1 i=1 i=1
ITocTpouM ompenenuTeny 3TOW CUCTEMBI U HAWJIEM €€ PEILIEHUE
meTonoM Kpamepa. [lonyunm cneayromume 3HaueHUs! KO3 PUIUEHTOB:
a =1,000062, b =1,00012, c =1,00012.
[loacraBnsisa 3HaueHUusT KOAI(P(PUUHUEHTOB B COOTHOLIEHUE IS
CYMMBI YTJIOB TPEYTOJIbHUKA, ITOJyYUM
ax +by +cZ =
=1,000062>(89°57() +1,00012>(45°5,33() +1,00012>(44°56,67¢) =180°

8 5.4 IIpuBenenne TUHEHHBIX HEPABHOTOYHBIX YCIOBHBIX
YPaBHEHHMH K PABHOTOYHBIM. JIMHeapu3auus HeJIMHEHHBIX
YCJIOBHBIX YPABHCHHUH

5.4.1 Coemecmnasa oopadomka HepaABHOMOUHBIX UIMEPEHUITL
HeCKONbKUX 8EIUYUH, CA3AHHBIX TUHEIHOU 3A8UCUMOCHIbIO

B 85.3 paccMoTpeH ciydali COBMECTHON 00paOOTKHM pe3ysbTa-
TOB U3MEPECHUIN HECKOJIbKHX (DM3NYSCKUX BEIIMYWH, KOT/Ia BCE YCIIOB-
HbIC YpaBHEHHUS MMEIOT OJIHY M Ty JK€ JUCHEPCHI0. Takue yCIOBHBIC
ypaBHEHUS MPUHITO HA3bIBATh pagHomoyHsvimu. Ha mpakTuke MOTyT
OBITh CITy4yaW, KOTJla yCJIOBHBIE YPAaBHEHHsI MUMEIOT pa3Hble JHUCTIEP-
cuu. OOBIYHO ATO MPOUCXOJINUT, €CIIM B CHCTEMY YPaBHEHUH COCIHUHS-
10T YpaBHEHUS, OTPAKAIOIIHNE PE3YIbTAThl U3MEPEHUHN, BHIMIOJTHEHHBIX
B pa3HbBIX ycI0BUAX. COOTBETCTBEHHO 3TOMY W YCIIOBHBIC YPaBHCHHSI
OKaXYyTCsl HEPABHOMOYHBIMU.
[Ipy HEpaBHOTOYHBIX YCJIOBHBIX ypaBHEHHUSIX HauOojee BEPOST-
HYI0 COBOKYITHOCTH 3HAYEHHH HEW3BECTHBIX a,b,C,...,K momyuaror,
€CJI PEIICHUE CUCTEMBI YCIOBHBIX ypaBHEHUU HIIYT UCXOIS U3 yC-
JIOBUS
3 ) :
agn” ® min.
i=1
rIe g — Bec I-0ro YCIOBHOTO ypaBHEHUS, N, — HEBsI3Ka 1-0T0 yCIIOB-
HOTO ypaBHEHUSI.
BBeneHre BeCOB paBHOCWJIBHO YMHOKEHHUIO YCIOBHBIX ypaBHE-

HUW HA /() :

Vo (ax +by, +cz +...+kw - ) =\[gn,, i=1n, n3 m.
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B wurtore B ko3 PuuMEHTH NPU HEU3BECTHBIX B HOPMAJbHBIX
YPaBHEHUAX BOUAYT COMHOXUTENU ), !
aa gx’ +ba gxy +ca g%z +..+ka gxw =g gxh,
i=1 i=1 i=1 i=1 i=1
ad g Xy, +ba gy’ +ca g ¥z +..+ka gyw =a gyh,
i=1 i=1 i=1 i=1

i=1

ad g%z +ba gz +ca gz +..+ka gzw =a g.zh,
i=1 i=1 i=1 i=1 i

aag.xvv+ba9.y.W..+caQZW+ +kang ag h

i=1 =1 =1 =1

JIns1 cuctemMbl HOpMaJbHBIX YPABHEHUM TAKkKe I/ICHOJIBByIOT 00o-
3HaueHus ['aycca win Tak Has3blBaeMble «CKOOKM ['aycca», HO n3Me-

HEHHBIE JIJIH Cly4asi HEpAaBHOTOUYHBIX U3MEPEHUM!

& 9,x7 = [ox ], agxy.-[gxy] agxz—[gﬂ]

i=1

& g.xw =[gw], & g,xh =[gx].

i=1 i=1
Ouermmo, 110 & G,XY, =& 6y, , T0 ecs [gxy] = [gyx]. Ana-
i=1 i=1

noruuno [gxz] =[gzx], [gxw] =[gwx] u Tax nanee.

C ucnonap3oBaHUEM TakuX 0003HAYEHUN CUCTEMa HOPMAabHBIX
YPaBHEHU NP HEPABHOTOYHBIX U3MEPEHUAX IPUMET BU]L

al g +blgxy] + c[oxz] + ... + K[gxaw] = [gxh],
algxy] + blayy] + c[ayz] + ... + K[gyw] =[gyh],
a[gxz] + b[gyz] + c[gzz] + ... + k[gzw] = [gzh],

a[gxw] + b[gyw] + c[gzw] + ... + k[gww] = [gwh].

[Tocne Takux mpeoOpa3oBaHU MOIYYAIOT CUCTEMY M JIMHEH-
HBIX YPABHEHUM C M HEU3BECTHBIMM.

Beca yclnoBHBIX ypaBHEHHM HAaXONSAT B COOTBETCTBUM C pPac-
CMOTPEHHBIMH PaHEE COOOPAKEHUSIMH U3 YCIIOBHIA:
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n
ag =1,

i-1
0,:0,:..:0,=1s/:1lsZ:..:1s?
CrnemoBaTenbHO, I PEIICHUS 3a/1a4d HY)KHO 3HATh JUCIICPCUU
YCJIOBHBIX YpPaBHEHMM WM WX MNpUOIMKEHHBIE OlleHKU. Ecim Beca
ornpezeneHsl (MK BEIOpaHbI), TO TOCHIE MPeoOpa3oBaHMil JalbHEHIIIee
pemICcHUC 3aa491 BBIITOJIHATOT B IIOJTHOM COOTBECTCTBUU C U3JIOKCHHBIM
paHece. B urore MOJIYy4ar0T OCHKHW HCU3BCCTHLIX BCIIMYUH U UX CPCIA-

HHUC KBAJAPATHUICCKUC OTKIIOHCHU.

5.4.2 Ilpeobpazosanue HeUHEIHBIX YC/I06HBIX YPAGHECHUIL
K IUHEUHOMY 8UOY

Meto HaMMEHBIIUX KBAJIPATOB TIO PSy NMPUYUH MPUHIIATHAITH-
HOTO XapaKkTepa HUCIOJb3YETCS TONBKO ISl AUHEHHBIX YC/I08HBIX YPAG-
Henuii. B o0mmpHOM Kilacce MPAaKTUYECKUX 3a/a4 COBMECTHO H3Me-
psieMble (PU3NYECKHUE BEIIMYUHBI CBS3aHBI HEIMHCHHBIMHA 3aBUCUMOCTSI-
M. J[71s1 TOTO 9TOOBI pacHIMPUTh 00JIACTh IPUMEHUMOCTH METO/a Hau-
MEHBIINX KBAaJPAaTOB Ha JTy TPYIIY 3a/1ad, IeIeco00pa3HO HEeTUHEH-
HBIC YCIIOBHBIC YPaBHEHUS IPEOOPA30BATh K IMHCHHOMY BHTY.

W3BecTHBI pa3indHbIe CIIOCOOBI TMHEAPHU3AINH YCIOBHBIX YPaB-
HEHUW. PaCCMOTPUM HEKOTOPBIE U3 HUX.

Cnoco6 3amenvt nepemeHHvix. PaccMOTpUM TPOU3BOJLHYIO
(YHKITMOHATBHYIO 3aBUCUMOCTH NBYX BenmuuH Y = f(X). B mmpo-

KOM pAaC CIaydacB €€ MOXKHO IIPEACTABUTL B BUAC CTCIICHHOI'O p;I):[a:
y =h+ax+bx*+cx®+... + kx™.

IIpoBonmst 3ameHy mniepemMeHHbIXx Y =T, X% = Y, X*=z,...,
X" =W, HeIUHEHHY0 (QYHKIHIO IpeoOpasyroT B JIMHEHHYIO IS HO-
BBIX TIEPEMEHHBIX
t=h+ax+by+cz+..+kw.
Ecnu dyHkums umeet Buj
y=(h+ax+bx’+cx’ +...+kx") ",
TO 3aMEHOM NEPEMEHHBIX Y =t x°= Yy, x*=z,..., X" =W uemu-
HEHHYI0 QYHKIHIO TPeoOpa3yroT B IMHEHHYIO
t=h+ax+by+cz+..+kw.
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Jlanee CTpOSAT CHCTEMY YCIOBHBIX ypaBHEHUW B HOBBIX IIepe-
MEHHBIX U pEelIaloT €€ METOJ0M HauMEHBIITNX KBaapaToB. [locie gero
IIPOBOJIAT OOpaTHYIO 3aMEHY IePEMEHHBIX.

Cnocoo evipasnuearwuiux @ynkuyuit. 1lpencraBieHHbIA BbIIIE
IpUMeEp SABISETCS YaCTHBIM CIIydaeM JIMHEAPU3aIluu C TTOMOIIBIO 6bl-
pasnusarowux Gyuxuuii. J[na 3aBucumoct Y = f(X) BbIpaBHHBaIO-

muMHA QYHKIUSIME HasbiBaioT Gynkmmu F =) (X,y) u F, =y (X,Y),
CBSI3aHHBIE MEXy COOO0M TMHEUHOM 3aBUCUMOCTHIO. JJIs 11e10T0 psana
¢dyskmuit Y = f (X) Takue BeipaBHUBAIONINE (PYHKIIMH CYIIECTBYIOT.

1. Tycts y=ax’. BepaBmubatomue ¢ynkmun F =IgX,
F, =Igy. Torna nuneitHas 3aBUCUMOCTD

F, =lga+DblgF,.

2. Ilycrs y=a€™. BrpaBuuparomme ¢ynkmuu F =X,

F, =Iny. Torna nuneitHas 3aBUCUMOCTD
F, =Ina+DbF,.
3. Iycre Y = X/(a + bx). BripaBHuBaromue QyHKINH

F,=x*, F, =y . Torna nuHeiiHast 3aBUCUMOCTb
F, =aF, +Db.

Oowuir cnocod nuneapuzayuu. Q0N cIoco0 pelieHusT TaHHOM
3a/1a4¥ OCHOBAH Ha JIOMYILICHHWH, YTO HECOBMECTHOCTh YCJIOBHBIX ypaB-
HCHUI HEBEJIMKA, TO €CTh UX HEBSI3KU Maiibl. KpoMme Toro, npeamoaraeT-
cs1, uto ¢yukuus m nepemennsix t = f(a, b,c,...,K; X, y,2,...,w) Hempe-
peiBHa 1 auddepenuupyema. HarmoMaruM, 94T0 HEU3BECTHBIMU 3/1€Ch SIB-
JISTFOTCS TIapaMeTphl a, b, C,...,K . Torma, onpenenus npuOIMKEHHBIC 3Ha-
YeHHWsT ~ mapameTrpoB &, b,,C,,...,K,, packiagpBaror  pyHKIHIO
t="f(a,bc,...,K Xy, 2..,W) B pag Teimopa B OKPeCTHOCTH TOYKH C
KoopauHatamu (@, b,,C,,...,K,) . Ilpennonaras, 4to OKpecTHOCTh ITOM
TOYKH, B KOTOpoil uccnenyercs ¢pyukus t = f(a, b,c,...,K; X, y,2,...,w)
HEBEJIMKA, psi Tenopa orpaHuYrUBarOT JIMNHEMHBIMU YWIECHAMU, TO €CTh

f(a,b,c,....K; X, y,2,...,w) = f(a,, b,,C,,.... Kys X, ¥, Z,..., W) +

+E d+E db+E
Ta

. d, +..+—
MO, TIC

a=ag c=Cy
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rne d.,d,,d_, ..., d, —monpaBku K HaYaIBHBIM 3HaUYEHUSAM K02 duiu-

€HTOB 8y, b, Cy,.... Ky -

BunHO, 94TO B pe3ynbTrare HEJIMHEHHBIC YCIOBHBIC YpPaBHCHUS
npeoOpa3oBaHbl K JIMHEHHOMY BUAY OTHOCUTCIIEHO HEH3BECTHBIX I10-
npasok d_,d,,d_,...,d,. Pemas nuHeapn3oBaHHyIO CUCTEMY ypaBHe-

HHIl METOJOM HAaWMEHBIIMX KBaApPaTOB, IOJYYMM 3HAYCHHS
d,,d, ,d_,..,d,  mo3Bosstone YTOUHUTh 3HAYCHUST KOAPPHUIIMESHTOB

a,b,c,....K:
a=a,+d_,b=b+d,c=c,+d_,..., k=k, +d,.

[Ipy HEOOXOIMMOCTH YTOYHEHHBIE C TTOMOIIBIO MOIMPABOK MEP-
BOTI'0 TIOPsiKa 3Ha4YeHUS KO3 PUIIMEHTOB MOKHO YTOUHHUTH €I pa3,
B3SB MX 3a MCXOJHBIC, Pa3jI0XUB (DYHKIHIO B OKPECTHOCTU HOBOM
TOYKH W TIOCTPOUB HOBYIO CHCTEMY YCIJIOBHBIX YPaBHEHHI OTHOCH-
TEJILHO MOMPABOK BTOPOTo mopsiaka. Jjist obecrieueHus: BHICOKOU TOY-
HOCTH ompeneseHuss KodQPUUUEHTOB HENMHEHHON (YHKIMU 3TOT
MPOLECC MOKET MOBTOPATHCS HECKOJIBKO Pas3.

BakHbIM TTpaKTHYECKUM BOIMPOCOM MPUMEHEHHS ITOTO CIloco0a
JMHEApU3aIINH SIBJISETCS TaKOW: OTKYJla B3STh HYJIEBOE MPUOIHKEHHE
3HAYeHUH KO3(PHUIMEHTOB, TO €CTh 3HA4YeHUA @, h,,C,,...,K,, mozae-
Kallye MajbHEHIeMy yTodHEeHHI0? MokeT ObITh MpPEIJIOKEH Clie-
IYIOIIUN BapuaHT OTBETa Ha Hero. M3 cucrembl YCIOBHBIX ypaBHE-
HUM, oObeauHsAIONEH N3 M ypaBHEHUM, TPOU3BOJIBHO BBHIOMPAIOT M
YpPaBHEHUN U PEIIAIOT TAKYI «YCEUCHHYIO» CHUCTEMY OTHOCHUTEIHHO
M HeW3BeCTHHIX @, b,C,...,K. [ToayueHHOEC IPUOIMKECHHOE PEIICHUE U

HCITOJIB3YIOT B Ka4CCTBC HCXOAHOTO IJIA IMOCJIICAYOICTIO YTOYHCHUA.

KOHTpOJIBHBIe BOIIPOCHI U 3aJaHUA

1. B gueM 3axio4aroTcsi OCHOBHBIE OCOOEHHOCTH COBMECTHOM
00paboTKU Pe3yibTaTOB U3MEPEHHUIN HECKOJBKUX BeIUYuH? UeM co-
BMECTHbBIC (COBOKYITHBIC) U3MEPECHHUS OTIIMYAIOTCS OT KOCBCHHBIX ?

2. MeTogoM MakCUMaJIbHOTO MPaBIONOA00MS IJi BEIMUUH Y U
X, pacupeqeieHHbIX M0 HOPMaJbHOMY 3aKOHY W CBSI3aHHBIX JIMHEH-
HOM 3aBHCHMOCTBIO Y =aX +D, HaiiauTe ONTHMAalbHBIC OLCHKH 3Ha-

v 2 2
yeHui kod(hduimeHToB a, b u ux nucnepcuu S U S ;.
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3. /IBe BenmuuuHbI, Y W X, CBSI3aHBl JUHEHHOW 3aBUCHUMOCTHIO
y =ax+b. C ucrosp30BaHNEM METOJIa HAUMCHBIIUX KBAJPATOB OII-
penenuTe 3HAYCHHs] HEM3BECTHBIX Kod(dduimenTor a,b mo ciemyro-
MM COBOKYITHOCTSM IIOJIYYEHHBIX PE3YyJIbTATOB U3MEPECHUN:

a)

X 1 2 3 4 5

y 4 -1 -2 1 3
6)

X 1 2 3 4 5

y 5 4 4 1 1
B)

X 1 2 3 4 5

y 1 -1 -2 3 4
r)

X 1 2 3 4 5

y 3 -2 4 1 4

3. TlosicHuTe CYIIHOCTh M MEPEUUCITUTE MOCIEAOBATEILHOCTh
omnepainuid, HapaBJICHHBIX HA PEUICHUE CUCTEMBbI JIMHEUHBIX YCIIOB-
HBIX YpaBHEHHUM METOJO0M HaWMEHBIIUX KBajparoB. UTo Takoe cuc-
TeMa HOPMaJIbHbIX YPaBHEHHI?

4. Kak OLEHUBAIOT JUCIIEPCUU 3HAYEHUN HEU3BECTHBIX KO3(Phu-
[IUEHTOB B JIMHEMHBIX 3aBUCHUMOCTSIX HECKOJBKHUX BEJIMYMH, YCTAHOB-
JICHHBIX B MPOIIECCE COBMECTHOM 00pabOTKHU pe3yIbTaTOB U3MEPEHUIL?

5. Kak mpuo0Opa3yroT cucTeMy HEPaBHOTOUYHBIX YCIOBHBIX YpaB-
HEHUI K CUCTEME PaBHOTOYHBIX YCIOBHBIX YPAaBHECHUM ?

6. Kak nuHeapu3oBaTh CUCTEMY HEIMHEHWHBIX YCIOBHBIX YpaB-
HEHUN CIIOCOOOM BBIPAaBHUBAIOIINX (PYHKITHIA?

/. B 4yem 3akirouaeTcsi CyIIecTBO OOIIEro crocoda JIWHeapusa-
MM YCJIOBHBIX YPaBHEHUU MpPU COBMECTHOM HM3MEPEHUU HECKOJIbKUX
BEITUYUH?
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IIpunoxenue.

IIpoBepka runore3nbl 0 COBNAACHUN U3MEPEHHOIO CPEIHEro
U M3BECTHOI'0 3HAYeHUs BeJuunHbl. Pacnpenesienue
CrbroneHTa

[Iycth MMeEETCSI MHOYKECTBO {X,}f pPE3yJIbTaTOB MHOTOKPATHOIO

M3MEPEHUS HOPMAJIBHO PACIIPEAECICHHON BEIMUMHBI X . Ha ocHOBaHuu
ATUX JAHHBIX ITOCTPOECHBI JIBE OLICHKU:

- 3HAYCHUS BEJIIMUYMHBI X B BUJI€ BRIOOPOYHOTO CpEHETO apud-
METHUYECKOTO

Qs

X
1

n
U JUCIIEPCUU CPEAHETO apU(PMETUUECKOTO

n
9 S\ 2
a (x - X)
2=
n(n- 1)
[Mpenmonaraercs BBISCHUTH (IIPOBEPUTH THUIIOTE3Y), COBIAIACT
JIN I/IBMGPGHHOG 3HAUCHUC Y BCIIMUHUHEBEI X C HM3BESCTHBIM (SaI[aHHbIM
3apaHee, TOYHO W3BECTHBIM, HAIPUMED, U3 TEOPETUUECKUX cooOpaxe-
HU, pacdueTOB WJIN JaHHBIX MMPOBEICHHBIX paHEee U3MEpPEHUI) 3Haue-

HHUEM X0 ATOU BCIIMYHHLI, TO €CThb BBIIIOJHACTCA JIM PABCHCTBO

X =X,

B xauecTtBe Xo MOJKCT BbICTYIIAThb 1 HCU3BCCTHOC, HO 0OBEKTUB-

X =

HO CYLIECTBYIOLIEE, HCTUHHOE 3HAUYCHUE BEIIUYMHBI X.

VY 100HO BBECTH HOBYIO BEJIMUMHY, COAEPKAIIYIO KaK pe3yJibTar
U3MEPEHUS B BUJE BHIOOPOUYHOTO CPEIHEr0 apu(pMETHUYECKOTO, TaK U
3aJJaHHOE 3HAYECHUE

)"(' -
t= TXO,
Sk
~ _ [=2
rae Sy =4Sy, — CPEOIHEKBAAPAaTUYECKOE OTKIOHEHUE CPEIHETO

apu(METHIECKOTO.
Ecnu paBeHcTBO X = X, BRINOJHSACTCS pu N® ¥ | To pacmpene-

JIEHWEM BEJIWYUHBI t MpU KOHEYHOM KOJIMYECTBE U3MEPEHUI N sBIIS-
eTcsa pacnpeodenenue Cmovrodenma. ITO pacripeqeieHue ObLIO HC-
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10JIb30BaHO B 82.5 mpu GopMUpOBaHMH TOYCUHOW W HUHTCPBAIBHOM
OLICHOK MHOTOKPAaTHO HEINOCPEACTBEHHO WU3MEPEHHOU BEJIUYKHBL.
3/1ech HEKOTOPhIE CBOMCTBA ITOTO paclpeiesieHus: OyayT paccMoTpe-
HBI TOAPOOHEE.

dopma KpUBOM ITOr0 pacCHpelesCHUs] II0Ka3aHa HAa PUCYHKE
[1.1. Dta NMHUS CUMMETPUYHA OTHOCUTEIIBHO MPSIMOM, MPOXOSIIEH
yepe3 Touky t =0 mepneHauKkyIsipHO ocH t, U Ipu HEOTrpaHUYEHHOM
pocTe uncia N npubIMKAETCAd K KPUBOM HOPMAIBHOTO pacipesee-

Hus ¢ napamerpamu t =0 u s =1. [Ipu ManbIX N MaKkCUMyM pac-

npeneneHuss CThIOIEHTa HUKE MaKCUMMyMa HOPMAJIBHOTO pachpese-
JI€HUs, a Ha KPbUIbSX, TO €CTh IPH yAAJICHUH OT IIeHTpa, rpaduk pac-
npeneneHust CTbIOIeHTa TPOXOIUT BBIIIE,

p(1)

0,4 3
” VAN

/N
0 /// \\\

-4 -2 0 2 4 4
Puc. I[1.1. ®opma kpuBoii pactpeaeneHusi CTbIOJCHTA JIs1 Pa3HOT0 yucia
msMepennii: 1-nN=2;2-n=5;3-n® ¥
(HOpMabHOE pachpe/esiCHuE)

PaccMoTpuM npuyMHBI, IPUBOIAILKME K MOSBICHUIO pacipele-
nenust CteroAeHTa. MBICIEHHO NPEACTaBUM SKCIIEPUMEHT, B KOTOPOM
IIPOBOJAT MHOI'OKPATHBIE U3MEPEHUS BEJIMYMUHBI X, HOPMaJIBbHO pac-
IIPEIECIICHHON OTHOCUTEJIBHO 3HAYECHUs MAaTEMAaTHYECKOr0 OXXUJIAaHU,

paBroro Hymo (M(X) =X =0), ¢ TouHO W3BECTHOH aucIepcueii S °.

[TocnemoBaTenbHO BBHIIOJHMM HECKOJIBKO (m) cepuwii U3 N m3Mepe-
HUH, B KQXIOW M3 KOTOPBIX PE3yIbTaThI ()(1,X2,...,Xn)j, ] =1L m wuc-

~

IMOJIb3YCM IJIA IOJIYYCHUS OLICHOK Xj

€T MOPSAKOBBI HOMEP CEPUM MHOTOKPATHOTO M3MEPEHUS. JHAUCHHUS

~2 .
u'S, ,TIe CUMBOT | 0o003Haua-

_~

=2
Xj n SX' ABJIKOTCS OKCIICPUMCHTAJIBHBIMHU OLICHKAMH CPCIOHCTO U
j
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JUCIIEPCUU CPEJTHETO apu(PMETHUEKOro, MO3TOMY OHH, KaK U caMa Be-
JUYUHA X, SIBIIIOTCS CIIyYaWHBIMHU. JTO IPUBOJMT K Pa3JIMYHBIM Ha-
OopaM JTaHHBIX, peATU3yEMbIM B KaXKJI0il CEpUU PE3yIbTaTOB MHOTO-
KpaTHOro u3MepeHus. CpenHee X, HAaXOJAT COIJIACHO BBIPAXKEHHMIO

n
~ [o] - o - (V)
X; =— a_1 X; , TI€ X; — -1 pe3ysbTaT U3MEpeHus B |-oii cepun. OteHKa
i=

_~

X; TPEACTaBIsIET cOOOW CYyMMy HOPMAJbHO PAaClpe/ICICHHBIX BEIIH-
YUH. 3HAYUT, PACIPEICICHUE BEIIMYNH )'Zj

) 2 2
HBIM C qucnepcuen S, <S °. Eciu pacnpeneneHuss X U X IMOCTPOUTH

TAKIKC OKAKCTCA HOPMaAJIb-

Ha ofHOM rpaduke, To p(X,N) OKaKETCS BBIIIC M HECKOJBKO YKE
pacnpeneiacHus p(X). DTo moka3aHo Ha pucyHke I1.2.

IIpouenypa monyyeHus pacnpeiesieHUu CBOJIUTCA K ITOCTPOE-
HUIO COOTBETCTBYIOIIUX THUCTOTPAMM, KaK 3TO omnucaHo B TiaBe 1.
Pacmpenenenue p(X) CTpPOAT M3 MOJHOrO Habopa pe3ylIbTaToB, a

p(X,n) —Tonbko U3 Habopa X;, mpuueM B oboux ciaydasx J® ¥ . B
npejene cpeaHee 3HadeHue pacnpeneiacaus p(X,N) CTpeMUTCs K Hy-

JI10, @ €T JUCIIepCHs —K S 2In.
[IpeoOpa3yemM MOJIydeHHBIC pacHpeneiicHUs M IMPUBEIECM HX K
OJIHOMY MacTady. /[ 3Toro BBeieM HOBBIC IIEPEMCHHBIC!
t=x;/s, t=X;/sg,

p(X,n) 2
|
0,6 /
0,4
0,2 / . \

X LT T o—

4 2 0 2 4%
Puc. I1.2. ®opma kpuBbIx pacupeneneauii p(X) (kpubas 1)
u p(X,n) (xpusas 2)
Pacnipenenenne p(t) —HOpMalbHOE pacHpeecHUE ¢ HYJICBbIM

CpPEOHUM W E€IUHUYHOW IUCIIEPCUEU, a p('[,n) — pacrpeneiieHue
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CrtbrofieHTa, KoTopoe GOopMUpPYETCsS B pe3yJbTaTe HAJIOXKEHUS CTaTH-

~

CTHKH OLCHKH S, Ha IayCcCOBY CTATHCTHKY BEIHYHMHEI X; . Umenno
9TH pactpeaeieHus (11 pa3audHbIx N) npuBeacHBI Ha pucyHke I1.1.

Ecnu teneps cpaBHuTh BenmuuuHy t=(X- X,)/S;, BBEACHHYIO
panee, U BenmuuuHy t=X;/s 3+ HMCIIONB30BAHHYIO B IPOBCICHHOM
PAcCCMOTPEHHUU, TO MOXHO 3aMETHTh, YTO B YHCJIMTEJIE MEPBOrO OT-
HOIICHHUST BMECTO X HCIOJb30BaHa pasHOCTh X - X, (X =X, mpu
N® ¥ ). OnHaKo CTaTMCTHYECKME CBOHCTBA BEIMYUHBI X, HE 3aBUCAT

OT JIMHEWHOT'O CJBHMra KOOPIHMHATHI MO0 OCH X, a 3HAYUT, BEIWYMHA
t=(X- X,)/S; Taxxke pacupexnencHa mo CThIOJICHTY.

[TnoTHOCTH BepOSITHOCTH pactpeneiacHuss CTbIOJCHTa OMUCHIBA-
€T BBIPAKEHUE

.. 2 L

2';9.8?[Jr t 192
pt,ny=—°2 1 T
p(n- )G =2
2 g

¥

— N\A -1
rne G(M) = g’y"dy — ramma-gyHkums; N — KOIMYECTBO TpPOBe-
0
JIEeHHBIX n3Mepennit, m> 0.

Buas  p(t,N), He cocTaBUT TpyAa BLYUCIUTL HHTEPBAI
[-t(a,n),t(a,n)], B koropelii BenuunHa t momazer ¢ 3agaHHON BEPO-
ATHOCTBIO @ . J{JIs 5TOro HeoOXOAMMO PEIINTh YPaBHEHNE

t(a,n)
oe(t,n)dt=a
-t(a,n)

BeposSTHOCTH @ OmpesenseT Tak Ha3bIBaEMBIN YPOGeHb 3HAUU-
mocmu.

Ecnu 3nauenue t = (X - Xo) /S, momanaer B yKa3aHHBIH HHTEp-

BaJl, TO 3TO CBUJCTEIBCTBYET B II0JIb3Y CHPABEIIMBOCTU T'MIIOTE3BI O
COBIAJICHUH X M X, PU YPOBHE 3HAYMMOCTH @ . Uem OoJbiie a , TeM

IMpE UHTEPBAJ, TEM OOJIbILIE BEPOATHOCTh OOHAPYKUTh B HEM BEJIU-
unHy t, OTHOCAIIYIOCS K DKCIIEpUMEHTY pu X = X,. Haiinem untep-
BAJI BO3MOYKHOI'O U3MEHEHHUS BEJIMYUHBI X . Bocnoibzyemces
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- t(a, n)£ s X°£t(a n).

X
Otkyna
X-t@,ns, £x,£X+t(@a,n)s,.
IIpy nonagaHuu 3aJaHHOIO 3HAYEHUS X, B HAWJCHHBIA UHTEP-

BaJI THITOTE3y O COBMAJACHUU X M X, HY)XHO PacICHHBATh Kak CIIpa-

BEJIJTUBYIO JIJIs1 YPOBHS 3HAYMMOCTH a .

OOpatiM BHHMaHHE Ha TO, YTO IIOJYYCHHOE COOTHOIICHUE
OUYCHb OJIM3KO K MHTEPBAJIbHON OLICHKE U3MEPCHHOIO0 3HAUCHUS BEJIH-
YUHBI X, IOJIydeHHOH B 82.5. Eciu ke MpenrnoaoKuTh, YTO YPOBCHb
3HAYUMOCTH SIBJIICTCS HU YE€M HHBIM, KaK 008epUMENbHOU 8ePOsit-
Hocmoio (A4 = P), a pacCUYUTaHHBI MHTEpPBAJ BO3MOXKHOTO H3MEHE-
HUSI X, — JOBEPUTEIbHBIM HHTEPBAIOM, TO BCE Pa3IMuus 3TUX BbIpa-

xenuit ucuesnyr. Torga t(a,n) — kospduuuent Creronenra. B stux
TEPMHHAX KAapPTUHA [IPOBEICHHOIO CPaBHEHUS X U X, BBHIIIAAUT ClIE-

~

nytouuM oopaszoM. Ecnu npu cpaBHeHun X u X, 3HaueHue X, noma-

JTACT B JIOBEPUTEIIbHBIA UHTEPBAJ, TO CTATUCTUYECKUM BBIBOJOM SIB-
JIAETCS 3aKIFOYEHUE O COBIIAJCHUN CPABHUBAEMBIX BEJIMYWH C J10BE-
PUTENBHOU BEPOATHOCTBIO & = P. Kak yxxe oTMe4anoce, B ©'3MEPEHHU-
X YacCTO MCIOJB3YIOT BeposaTHocTh a = (0,68, B mpenene mpu 00Jib-
mUX N 3aJal0Nlylo UHTepBal +S . BOKpyr X. J[is moBwIeHUs A0C-
TOBEPHOCTH MCIIOJIB3YIOT 00Jiee BHICOKHE YPOBHHU 3HAYMMOCTH (J10Be-
pUTEIbHBIC BEPOATHOCTH), Hampumep, a =0,997, onpenensroniuii
OoJiee MUPOKUI UHTEPBAJI, B IIPEEIIE CTPEMSIIMICI K + 35 .

JIns ManbIX 71 32 TIOTPEIIHOCTh MPSMOT0 MHOT'OKPATHOTO M3MEpe-
HUSI BEJIMUMHBI X €CTECTBEHHO IPUHUMATH Dx = t(a , n)s <» KaK 1 Ipen-
Jarajioch Mpu OOCYKIIEHUH MOrPEIIHOCTEN NMpsAMBIX n3MepeHuil. IMeHHO
B MHTEpBasie, 3a1aBacMoM DX, MOryT okasaThCsi TOUHbBIC BEIHUYMHBI X,

COBITAIAOIIHE C PE3y/IbTATOM M3MEpEeHHs X . B cilydae KOCBEHHOrO H3-
MEPEHUS PE3YJILTATHI MPSIMBIX U3MEPEHUN ONPENEISIIOT MOIPEIHOCTD pe-
3ynpTara. [Ipyu 3ToM HE0OXO0IMMO BBIOpATh paBHBINA YPOBEHb 3HAYMMOCTH
JUIA PE3yJlbTaTOB BCEX NPAMBIX W3MEPEHHUM, KOTOPBIA MEPEHOCUTCS Ha
YPOBEHb 3HAYMMOCTH PE3YJIbTATa KOCBEHHOI'O U3MEPEHUSI.
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