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MNMpeaucnoBune

1 NMOArOTOBJIEH 3akpbiTbiM akLMOHEPHBIM 00LLecTBOM «HayuyHo-uccneoBaTenbCKUil LIEHTP KOHTPO-
N8 W gnarHocTUkM TexHudecknx cuctem» (3A0 «HWL K[O») Ha ocHoBe cobCTBEHHOrO nepesBoa Ha pPYCCKUIA
S3bIK aHIMOA3bIYHOW BEPCWMM CTaHOapTa, YKas3aHHOro B NyHKTe 4

2 BHECEH TexHu4eckum komuTeToMm no ctaHgaptuzaunm TK 125 «puMeHeHne CTaTUCTUHECKUX Me-
TOOOB»

3 YTBEPXOEH W BBEJEH B OEWCTBWE Mpukasom ®egepansHOro areHTcTea no TEXHMYECKOMY pe-
ryriupoBaHuio U MeTponoruu ot 27 ceHTabps 2023 r. Ne 966-cT

4 Hacrosawwmi ctaHgapT waeHTu4eH mexayHapogHomy ctangapty MCO 7870-7:2020 «KoHTponbHble
kapTbl. Hactb 7. MHOromepHble KOHTpornbHble kapTbi» (ISO 7870-7:2020 «Control charts — Part 7: Multivariate
control charts», IDT).

MexaoyHapogHbii cTangapt paspabotaH TexHudeckum komutetom TK 69 MexayHapogHon opraHusa-
umm no craHgaptusauun (MCO).

HanMeHoBaHMe HacTosllero cTaHgapTa M3MEHEeHO OTHOCUTENbHO HAMMEHOBaHUSA YKa3aHHOTo MeXay-
HapogHoro ctaHgaprta aAns npueefeHus B cootBetcTBue ¢ [OCT P 1.5—2012 (nyHkT 3.5).

MNpn NpUMeHEHWN HACTOSALLEro cTaHgapTa PeKoMeHOYeTCs MCNONb30BaTbh BMECTO CChINTOYHbIX MEXOy-
HapOAHLIX CTAHOAPTOB COOTBETCTRYOUME UM HALMOHAmNbHbLIE CTaHAaPTbI, CBEAEHUS O KOTOPLIX NMPUBEAEHLI B
OONONMHUTENBHOM npunoxenun JA

5 BBEJEH BIMNEPBLIE

lMpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHbl 6 cmamee 26 ®edepanbHO20 3aKOHa
om 29 utwoHa 2015 a. Ne 162-®3 «O cmaHOapmu3sayuu 8 Pocculickoli @edepayuu». VMiHhopmayus 06 us-
MeHeHUSIX K Hacmosiwemy cmandapmy nybrukyemcs 8 exe200HOM (10 cocmosiHu Ha 1 SHeaps mekyueao
eolda) uHghopMayuoHHOM yKkaszamene «HayuoHanbHbie cmaHdapmbi», a oghuyuanbHbil MmeKcm U3MeHeHul
U ronpasok — 8 eXemMecsYHOM UHGOPMayUuOHHOM ykazamene «HayuoHanbHble cmaHOapmbi». B cnyvae
nepecMompa (3aMeHbl) Unu 0mMMeHbl Hacmosweao cmaHdapma coomaeemcemayruee yeedoMmneHue bydem
onybnukosaHo & bnuxaluwem 8bIfyCKe eXeMeCAYHO20 UHOPMauyUuOHHO20 ykaszamens «HayuoHanbHbie
cmaHOapmabi». Coomeemcemeyrowjas uHgopmayus, yeedoMaeHue U MeKkcMbl pasMewarmcs maixe 6 UH-
hopmMayuoHHOU cucmeme obLea0 Monb308aHuUsi — Ha oghuluansHoM calime @edepanbHo20 azeHmemea rno
MEeXHUYEeCKOMYy peayuposaHuo u Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© IS0, 2020
© Odpopmnerne. IBY «NHCTUTYT cTaHgapTuzauuny, 2023

Hactoawmnn CTaHOdapT HE MOXeT BbITb NONMHOCTLID UMW YaCTUYHO BOCMNpowu3BeneH, TupaxmposaH 1 pac-
NMpoCTpaHeH B Ka4yecTBe ocbuu,maanoro n3gaHuns bez pas3peleHna GJe,qepaanoro dareHTcTtBa Nno TeXHN4eCKo-
MY perynmpoBaHu n MeTponorum
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MpunoxeHwe A (cnpaso4vHoe) lNMpyvMep MHOTOMEPHOrO CTaTUCTMYECKOrO KOHTPOMS npouecca
MpunoxeHwe B (cnpaso4vHoe) lNMpumep koHTponbHoW kapTel MEWMA
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BBepgeHue

Mpw HeoBXooUMOCT OOHOBPEMEHHOIO KOHTPOMNSA HECKOMBKUX XapakTepUCTUK KAaYyecTBa NPOaYKLMMK, KaK
NnpaBvno, UCNOMb3YKT HECKONbKO OTAEMbHLIX (OAHOMEPHbIX) KOHTPOmbHbLIX KapT. K coxaneHuto, npu Hanu-
YUK CUNBHOW KOPPENSALMN MEXAY KOHTPONUPYEMbIMU XapakTepUCTUKaMM 3TO MOXKET MPUBECTU K OLLUMBOYHBIM
pesynstatam. MOHWTOPUHT MPOLLECCOR, B KOTOPLIX OAHOBPEMEHHO pacCcMaTpuBalOT HECKOMNbKO B3aMMOCBS-
3aHHbIX NEPEMEHHbIX, HA3bIBAETCH MHOTOMEPHbLIM CTAaTUCTUYECKMM ynpaBneHvem npoueccamu (MSPC). Hau-
Bbonee nonesHbiM cnocobOM MHOTOMEPHOIO CTAaTUCTUHECKOTO yNpaBreHus npoueccaMmy ABMNSeTCA NpuMeHe-
HWE MHOFOMEpPHLIX KOHTPOMbHbIX KapT. MHOrOMepHbIe KOHTPOSbHbIE KapThl UCMOMb3YHOT ANA CTaTUCTUYECKON
OLEHKW W KOHTPOIs npouecca ¢ y4eTOM 3aBUCUMOCTU MeXay KOHTPONMpyeMbIMKU XapakTepucTUKamu.

HazHayeHne cucTembl MHOFOMEPHOFO CTATUCTUYECKOro ynpasBneHWs MpoLEeccoOM COCTOWUT B nojade
curHana npu Hanuynuu 3agaHHbIX NPUYMH U3MeHUYMBOCTU. CUCTEMATUYECKOE YCTpaHEHWE YKa3aHHbIX NPUYUH
YpEe3MepHbIX OTKNOHEHWN NyTeM MOCTOAHHbIX LieneHanpasneHHbIX YCUNWin NnepeBoguT NpoLecc B COCTOAHMUE
CTaTUCTUYECKOW ynpaensemMocTu (ctabunbHocTM). ECnv npouecc HaxoguTcs B COCTOSIHAM CTaTUCTMYECKON
ynpaensemocTu, ero paboTa npeackasyema, a ero BOCNpOM3BOAMMOCTb U COOTBETCTBUE YCTAaHOBMNEHHLIM Tpe-
BOBaAHUAM MOXHO OLIEHWUTD.

OCHOBHOWN LEenblo HACTOSALWEro cTaHhapTa aBnseTcs AeMOHCTpauuMs cnocoboB MCNonb3oBaHUsA MHOMO-
MEPHbLIX KOHTPOMbHbIX KapT ANS yNpaBneHus NpoLeccoM ¢ To4ku 3peHns SPC 1 MeToaoB OLEHKN COCTOSHUSA
ctabunbHocTK npouecca. B UCO 22514-6 npvBeaeH MeToa pacyeta cTaTUCTUK BOCNPOWM3BOAUMOCTM ANs na-
pamMeTpoB Mnpouecca UM xapakTepUcTUK NPOAYKUMMK, NOAYUHAKLWMXCH MHOrOMEpPHOMY HOpMarbHOMY pac-
npegeneHuio.

MHoOromepHble KapTbl OCHOBAHblI HA MHOTOMEPHbIX XapakTepucTUKax npyv HeobxoaMMoCcT MOHUTOPWHTA
OBYyX 1 Bonee xapakTepuCTMK, CBA3aHHbIX Mexay cobow. Ha npakTvke MHOTOMEpPHYH KOHTPOMbHYK KapTy
BCcerga NPUMEHSIIOT NPy UCMoNb30BaHMK NporpamMmHoro obecneveHus, Takoro kak Minitab, JMP u Q-DAS).

1) MINITAB — 370 TOproBoe Ha3BaHWe npoaykTa, noctasnsemoro Minitab Inc. JMP — 310 Toprosoe HassaHWe npo-
paykTta, noctaenaemoro SAS Institute Inc. Q-DAS — aT0 TOproBoe HassaHue npoaykTa, noctaensemoro Q-DAS GmbH.
HanHas wHcopmaumsa npueegeHa ans yaobcTeBa nonb3oBaTeneill AaHHOrO OOKYMEHTa W He ABnseTcs ogobpeHuem
MCO atnx npoayKToB.
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HAUMWOHANBbBHBIA CTAHOAPT POCCUMNUCKON ®EQOEPALUNMU

Cratuctuyeckne metogbl
KOHTPOIIbHbLIE KAPTbI
Yacte 7
MHoOromMepHble KOHTPONbHbIE KapThbl

Statistical methods. Control charts. Part 7. Multivariate control charts

Oata BeegeHnsa — 2024—03—01

1 ObnacTb NpUMeHeHunA

HacTosAwuii ctaHaapT ycTaHaBnueaet TpeboBaHWUsA K MOCTPOEHUIO U MCNOML30BAHWI0 MHOTOMEPHbIX KOH-
TPOMbHbIX KapT ANA CTaTUCTUYECKOro ynpasneHus npoueccamu (SPC), a Takke MeTogbl MCNONb30BaHUA U
NOHVMaHWA 3Toro 0606LLEHHOrO NOAX0Aa K KOHTPOMNbHLIM KapTam, KOrga W3MepseMble XapakTepucTUKM —
[laHHbIE O NepeMeHHbIX.

VMcnonb3oBaHue meToaa rmaeHbiX KOMNOHeHT (PCA) 1 YyacTuyHbIX HauMeHbLunx kBagpaTtos (PLS) B 06-
NacTy MHOrOMEPHOIO CTaTUCTUYECKOTrO YNpaBneHns NpoLeccamMm B HACTOALLEM CTaHAapTe He NpeAcTaBneHo.

MpuMmevyaHne — B HacTosilleM CTaHAapTe ONMMCAHO CYLLECTBYHLEE COCTOSSHUE MHOTOMEPHbIX KOHTPOMbHbIX
KapT, NpMMeHsieMbIX Ha npakTuke. B ctaHgapte He onvMcaHO COBPEMEHHOE COCTOSHUE Hay4HbIX UCCINELoBaHWUA B 3TOWN
obnacTu.

2 HopmaTtuBHbIE CCLINKN

B HacToALleM cTaHOapTe UCNONb30BaHa HOPMAaTUBHAA CCbifKa Ha crneyLMiA cTaHaapT [Ana agatupo-
BAHHOW CCbIMKM MPUMEHSIIOT TOMbLKO YKa3aHHOE U3[aHue CChINIOYMHOro CTanaapTa, Ans HeJaTMpoBaHHON — no-
crnegHee n3gadue (BKI4YasA BCE M3MEHEHUS)]:

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics (Ctatuctuka. CrnioBape u
ycrnoBHble 0603HaveHusl. YacTs 2. MpuknagHas ctaTucTuka)

3 TepMuHBbI N onpepeneHusn

B HacToswem cTaHgapTe npuMeHeHsbl TepMuHbl no MCO 3534-2, a Takke cnegyloline TepMUHBI C COOT-
BETCTBYKOLLMMMK OnpegeneHusiMu.

MCO n M3K BegyT TepMmuHonoruyeckne 6asbl AaHHbIX ANst MCNONb30BaHWsA B 06nacTy cTaHgapTuaaumm
no criegyroLlmMM agpecam:

- nnatdopma oHnamnH-npocmoTtpa MCO: pgoctynHa no agpecy http://www.iso.org/obp;

- Onektponeanss M3K: goctynHa no agpecy http://www.electropedia.org/.

3.1 mHoromepHas xapaktepucTuka (multivariate characteristics): MHoromepHasa BenuuuHa, coctos-
was n3 d camocTosTeNbHbIX BEMUYUH NN BEMUYMH, XapaKTepU3yHOLLMX Ka4eCTBO NPoayKLUK.

MpumevaHune 1 — B cooreerctBumn ¢ MCO 7870-2 3T BeNUYMHBI 0B03HAYaKOT Kak XapakTepUCTUMKK KavyecTBa
X,roei=1,2, ..d.

W3paHue ochmumnanbHoe



rOCT P UCO 7870-7—2023

MpumevyaHue 2— PesynsTaTbl HAGMKOEHUA MHOTOMEPHLIX XapaKTEPUCTMK MOTYT BbITb NpefcTaBneHsl B BUOE
BEKTOPa X = (X4, Xy, ... , X,)". Takum 06pa3oM, MHOTOMEPHYIO BEMMUIMHY MOXHO paccMaTpuBaTh Kak BEKTOP XapaKTepucTuk
MpoayKuMn. 3Ha4eHne MHOrOMEPHOW BENUYMHBLI NPEACTABNAET COBOM TOUKY B d-MEPHOM NMPOCTPaHCTBE.

MpumevaHue 3 — Bce egnHuyHble BENWMYUHLI, 06beAVHEHHBIE B MHOTOMEDPHLIA BEKTOP, MOryT BbiTh onpeae-
nNeHbl Ha 0QHOW U TOW Xe eguHULEe NPOAYKUWA UMM HA OOHOM W TOM e 00bekTe.

MpumeyaHune 4 — Ecnv MHOroMepHasi BENWYMHA OMNWCaHa CTAaTUCTUYECKW, BEKTOP PAacCMaTpUBaIOT KaK Cry-
YalHbIA BEKTOP, NOAYVMHSALMACA d-MepHOMY MHOTOMEPHOMY pacnpefeneHnio.

3.2 poBepuTenbHaa obnacTb (confidence region): d-mepHas obnacTb, HakpbiBaloLas OLEeHNBaeMbI
d-MepHbIl NapamMeTp ¢ 3ag4aHHBIM YPOBHEM AOBEpUS.

MpumeuaHue 1 — O6NacTb orpaHMy4eHa NUHUAMK, NMOBEPXHOCTAMK UMW TUNEPOBEPXHOCTAMU B d-MEPHOM
NpOCTpaHCTBe.

MpumevyaHue 2— dopmy 1 pazmep 06NacTv onNpenensioT OAMH UK HECKONMBKO NapaMeTpoB.

4 OG03Ha4YeHUA U COKpaLleHUnA

4.1 CokpalieHus

B HacTodAwWweM cTaHgapTe UCNoNb30BaHbl CreaylLlwne cokpaLlleHns:

SPC — cratuctuMyeckoe ynpasneHue npoLeccom;

MSPC — MHOromepHoe cTatucT4eckoe ynpasreH1e NpoLeccoM;

PCA —meT0o[ rnaBHbIX KOMMOHEHT;

PLS — meT0a YacTU4YHbIX HAMMEHbLLUMX KBAOpaToB;

UCL — BepxHsisi KOHTPONbHAA rpaHvLa;

LCL — HWXHAS KOHTpONbHas rpaHuua;

ARL — cpegHsas onvHa cepuu;

EWMA — aKkcnoHeHUMansHO B3BeLLIEHHOEe CKONb3sillee cpefHee;

MEWMA — MHoroMepHoe 3KCNoHeHUMansHo B3BELWWEHHOE CKOMb3sLlee cpedHee.

4.2 OGo3Ha4YeHuns

B HacTofleM cTaHgapTe UCNonb30BaHbl crefyle 0b03HaYeHUs:
By, Y KBaHTUMb BeTa-pacnpeneneHunsn yposHs (1 — «) ¢ Yncrnom creneHen csobobl v4 1 vy;
d — KOMMYeCTBO N3MEepPEeHW MHOTOMEPHbIX XapaKTepPUCTUK;
D 12 — CTaTUCTUKA, OTpaXkaemas Ha KOHTPONbHOW KapTe ;(2 atana ll;
E(|S|) — cpennee [S|;
— KBaHTUNb F-pacnpefenexus ypoBHs (1 — a) ¢ yucnom creneHen ceoboabl v, U v,;
h — BepxHSs KOHTpOrbHas rpaHuua KoHTponsHon Kaptel MEWMA;
L — HWXKHAS KOHTPOMbHas rpaHuua;
m — KOnu4ecTBO noarpynm;
n — 0B6beM Kaxaown Noarpynnsl;
Ng4(p,Z) — d-mepHoe HopmarbHOe pacnpeaerneHue ¢ napameTpam p u I,
S,p — KOBapuauusa Mexay xapakrepuctukamu a v b mpun =1,

— KOBapwauus Mexay xapakrepuctukamu a v b B j-i nogrpynne npu n > 1;
— OLEeHKa OUCNepcun i-il XapakTepucTuku npu n = 1;
S,% — OLUeHKa Aucnepcun i-i xapakTepucTukn B j-i noarpynne npu n > 1;

E;? — BbIDOpPOYHOE cpefHee 3HaYeHUin siz- no BCeM m nogrpynnam Ans i-i xapakTepucTuki npu
n=>1;

— BblBOpPOYHOE CpeaHee 3HaAYEHMI Sapj MO BCEM M MOATPYNNaM ¢ KoBapuaLmen Mexay
XapakTepucTvkamu a u b npu n > 1;
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S — Bbl60p0‘-IHaF| AnCnepCcnoHHO-KOBapuvauMoHHada Mmatpmuua c n = 1

S — BbIGODOHHaH OncnepcruoHHO-KoBapuayuuoHHasa maTtpuua c n > 1

|S| — onpegenutens BoIGOPOYHON AMCNEPCUOHHO-KOBApWaLMOHHON MaTpuubl S;
sz — cTaTUCTUKa, oTpaxaemas Ha kapTe T2 aTana |;
T% — cTaTWCcTWKa, OTpakaemas Ha kapTe T2 aTana Il;
tr — onepaTtop onpegenexHnsa cnega Mmatpulbl;
Ug — BepxHsAs KOHTPONbHAA rpaHvua;
V(|S|) — aucnepcus |S|;
X;; — j-e HabnogeHue i-i XapakTepUCTUKK NMpu N = 1;
Xy — k-e HabrogeHwe i-i XxapakTepucTUKK B j-in mogrpynne npu n > 1;
— BbIOOpPOYHOE CpefHee i~ XapaKTepUCTUKW B j-i nogrpynne npu n > 1;
N BbIBOpO4HOE cpeaHee 3HaYeHU ’_‘;j no BceM m Noarpynnam Ans i-i xapakTepucTUKK npu
n=>1;
X — BEKTOp HabnoaeHui;
X; — BeKTop j-ro HabnwgeHusa npu n = 1;
X — BekTop Byayuiero uHausnayansHoro HabnwgeHus npu n = 1;
X — BeKTop BblbOpoYHOro cpeaHero npun = 1;
X; — BbIOOpOYHOE CpeaHee j-i paLvMoHanbHOW nogrpynnel npu n > 1;
X; — cpefHee Gyayuien pauuoHansHon NoArpynnel npu n > 1;
— BEKTOp BbIBOPOYHbLIX CpeaHux npu n > 1;
{,—(’, — i- BNemMeHT BeKkTOopa X;
Y ¢ — cTatucTuka, oTpaxaemas Ha KoHTponbHon kapte MEWMA,;
Z. — ctatnctnka MEWMA,;
X—%—a,v — KBaHTWNb pacnpeaeneHns y2 ypoBHs (1 — a) ¢ YACNOM cTeneHei ceo6oabl v;
& — pasmep caBura BeKTopa CpegHero;
A — BEKTOp ckonb3sawmnx napamerpoB MEWMA;
L — ckonb3awmi napametrp MEWMA, 0 <L < 1;
L — BEKTOP CpeaHero MHOrOMEpPHbIX XapakTePUCTHK;
Iy — 3apaHee 3aQaHHblil BEKTOP CPEOHEro MHOTOMEPHbIX XapakTepucTyk;
Py1, Yo — KO3 MULMEHT KOPPEnALMN MeXy yy U ¥o;
X — OMcnepcyMoHHO-KOBapuauMoHHaa MaTtpyuua MHOTOMEpPHbIX XapakTepuCTHK;
L, — 3apaHee 3agaHHan AMCNepCMOHHO-KOBapUaUnoHHan MaTpuLa MHOTOMEPHbIX XapakTepucTHK;
. — OucrnepcuoHHo-KoBapuauuoHHasa maTtpuua MEWMA ctatucTukn Zj;
(-)"{ — onepartop obpaTHoW MaTpULbI;
()T — onepaTtop TpaHCNOHMPOBaHWS MaTPULLbI.

5 HasHauyeHue u knaccudukauna MHOroOMepHbIX KOHTPOSbHbIX KapT

5.1 HaszHayeHune n YCNnoBuAa NnpMMeHeHUA MHOTOMepPHbIX KOHTPOJIbHbIX KapT

CylllecTBYeT MHOIO CUTYaLIMiA, B KOTOPbIX HEOOX0OMM OOHOBPEMEHHBIN MOHUTOPUHT UMW KOHTPOINb ABYX
n bonee B3aMMOCBSA3aHHbLIX XapakTepucTuK. CNOXHOCTb MCMNOMNb30BaHMA He3aBUCUMMbIX OQHOMEPHbLIX KOH-
TPOMbHbIX KAPT NokasaHa Ha pucyHke 1. [1ns NpocToThl paCCMOTPEHbI TOMNBKO ABE XapakTepPUCTUKA (¥4, Vo).

[Mpegnonoxum, YTO B CUTYaUWW, KOrga Npouecc HaxoauTCs B COCTOSIHMW CTaTMCTUYECKOW ynpaBnse-
MOCTKM (CTabWUnbHOCTK), MPWU HANUYUKL TOMBKO O6LIEA NPUHUHBI U3MEHYUBOCTU, ¥y U Y, MOAYNHAKTCA HOP-
ManbHOMY pacnpefeneHuto, ¢ Koppensauuei (pyw2 = —0,94), kak nokazaHO Ha COBMECTHOM rpaduke y, 1 y,
Ha pucyHke 1. 3nnunc npegctaBnaeT cobon KOHTYp cTabunbHOro npouecca ¢ kBaHTMnem ypoBHsa 0,9973,
COOTBETCTBYHLWNUM pucKy noxHon Tpesorn 0,0027 Ha kapte LyxapTa, a Toukn npeacraensawT coboi Habop
OTAenbHbIX HabnwaeHWA U3 4aHHOTo pacnpeneneHus. Te ke HabNwAeHUS NoKa3aHbl HA pUCYHKe 1 Ha oTaenb-

3
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HbIX KOHTPOMbHBIX KapTax Lyxapta ona y, v y, ¢ COOTBETCTBYIOLIMM KONUYeCTBOM HabnogeHuin (Bpems) u
COOTBETCTBYIOLLUMWU BEPXHEN U HUXKHEN KOHTPOMBHLIMU rpaHMuamMu (kBaHTunm ypoeHs 0,998 65).

Mo pesynkTaTam aHanusa Kaxaon U3 oTaenbHbIX KOHTPOmNbHbLIX KapT LWyxapTa npouecc SBHO HaxoauTcs
B COCTOSIHUW CTaTUCTUYECKOW YNpaBrsaeMoCTH, U HW O4Ha M3 TOYEeK He ykasblBaeT Ha Hannyue npodnem. Mc-
TUHHAs CUTyaLWA PacKkpbIBAeTCs TONLKO Ha ABYMEPHOM rpaduke yy U ¥, fOe BUAHO, YTO NapTusa NpoaykKuuu,

o6o3Ha4YeHHasa 3HaKkoMm ®, HaxoguTcA 3a npenenamn ,D,OBepVITEJ'IbHOﬁ obnactu u CylwleCTBEHHO OTrnn4aeTca o1
cTabunbHom Hopmaanoﬂ COBOKYNMHOCTU NMPOAYKLUWN.

Ecnn XapakTepucTukm He ABNAKTCA HE3AaBUCUMbIMW, YTO 0bblYHO UMeeT MeCTO, eCrn OHW OTHOCATCA
K OOHOMY U TOMY Xe OS‘bBI{Ty, He CylecTByeT npocToro cnocoba Mn3MepeHna UCKaXKeHuAa B npouenype co-
BMECTHOIo KOHTpOIA. I_Ip06l'leMbl MOHUTOPUHIa npouecca, B KOTOPbIX pacCMaTpunBakdT HECKONbKO B3aUMO-
CBA3aHHbLIX NepeMeHHbIX, MHOr4a Ha3biBakT Hp06ﬂ9MaMVI MHOITOMEPHOIro KOHTPOINA KadyecTBa. 37101 BOnpoc
ocobeHHO BaXXeH, NOCKOIbKY Mnpouenypbl aBTOMatu3anpoBaHHOIO KOHTPONA NO3BONAKT OTHOCUTEITBHO INEerko
N3MepPATb MHOXEeCTBO NapaMeTpOoB Ha Kaxaon eavHuue npoaykunu. Hanpmmep, MHOrnMe XxmmMmun4veckmne n Tex-
HONOrn4eckne npeanpuaTtua, a Takke U3rotoBuTenu nonynpoBogHUKOB peryndapHo seoyT Npon3BOACTBEHHbIE
6asbl AaHHbIX O npouecce 1 KadecTtBe NpoaykKumnu no COTHAM NepemMeHHbIX. IVIOHI/ITODVIHI' I aHanma aTunx
AaHHBIX C NOMOLLbK OOHOMEPHbIX Npouenyp SPC yacto Hepe3ynbTaTUBHLI. MHOFOMeprIe KOHTPOINbHbIE Kap-
Tbl NPUMEHAKT ONnA CTaTUCTUYECKON OLIeHKU U ynpaelieHna npoueccom C y4eToM 3aBUCUMOCTU MeXY Ha-
6HIO,EI,E:IEMI::IMM XapakTepUCTUKaMW.

¥y

|
|
|
|
I
|
|
I
; o
T o
I
|
|
|
|
|
I
|
I

Le, V2 Ue,

¥ — Boibopo4Hoe cpefHee y,; y, — BblbopouHoe cpefHee y,; j — Homep HabniopeHus; UCL1 — BEPXHsA KOHTPONbHAA rpaHuua y,;
I_CL1 — HUKHASA KOHTPOMBHARA rpaHuua yy; UCL2 — BEPXHAA KOHTPOMLHAA rpaHuLa yy; LCL2 — HIKHAR KOHTPONbHAsA rpaHnLa y,;

@ — Touxa, cootetcTaytowas y;; (O — Touka, cooTeeTcTayOWas ¥y; @) — Touka, cooTeeTCTBYIOWAS (¥4, Vs)

PucyHok 1 — KOHTponb Ka4ecTsa no AByM NepemMeHHbIM

I_IDMMEHEHME MHOIFOMEpPHbIX KOHTPOJIbHbIX KapT y,IZI,OGHO1 Korga Konm4yecTtBO nepemMeHHbIX npouecca He
CITULLUKOM BEJTMKO — OeCATb UK MEeHee. O,EIHBKO no Mmepe yBenum4eHuna Konn4ecTtea nepemMeHHbIX Tpaguun-
OHHblIE MHOTOMepHbIe KOHTPOIbHbIE KapTbl TEPAKT Pe3yribTaTUBHOCTE B OTHOLUEHUN OGHapy)KE.'HMFI caBuroe
npouecca. I_IOFIyJ'iﬂprIFI noaxon B TAaKoW CUTyauun COCTOUT B YMEHbLUEHWN PAa3MEPHOCTK 3aa4n. 3T0 MOXeT

4
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ObITb CAEnaHo C UCMoMb30BaHWeM METOLOB NPOTrHO3MPOBAHMSA, TAKUX Kak aHanua rmaBHbix KoMnoHeHT (PCA)
WMKM METOM YacTUYHbIX HauMeHbLKUX KBagpaTos (PLS). 3TM ABa MeToda OCHOBaHbI Ha NMOCTPOEHUWU MOZENnW
Ha ocHoBe Habopa paHee NoMyYeHHbIX OaHHbIX, KOTOPLIE, KaK NpeanonaraeTcsl, COOTBETCTBYHT COCTOAHUIO
cTaTUCTMYeCKOH ynpasnsemMocTy npouecca. [Nocne Toro, Kak Mogenb NocTpoeHa, cnegylollee HabnogeHwe
NPOBEPAIOT HA NPEAMET ero COOTBETCTBMSA MOLENMU.

B ooHoMepHoM cnydyae B SPC ans onvcaHus HeNpepbIBHOW XapaKTePUCTUKU 0BbIYHO MCNONMb3YOT HOp-
manbHoe pacnpeaeneHue. TOT e Noaxod MOXeT 6biTh UCNoNb30BaH U B MHOrOMEpHOM crny4dae. MHoromep-
HOe HOopManbHOEe pacrnpeaeneHve NPUMEHSIOT B KAYECTBE OCHOBHOIO MPeanonoXeHUs Npu paccMOTPEeHUH
MHOTOMEPHbIX XapakTepUCTHK.

5.2 Knaccudpukauma MHOroMepHbIX KOHTPOSbHbIX KapT

Ecnu MHOroMepHbIe XapakTepUCTUKW paccMaTpuBalOT KakK cny4YalHbll BEKTOP M3 MHOTOMEPHOro Hop-
ManeLHOro pacnpefeneHus, pacnpegeneHme xapakrepu3ayloT BEKTOPOM CpefHUX p U MaTpuuein KoBapuauyui
u aucnepcuii £ (cM. npunoxerHne C). C TOYKM 3peHUA NPUMEHEHUS MHOTOMEPHOrO yNpaBneHns NpoLeccoM,
MHOTOMEPHbIE KOHTPOINbHEIE KAPThl MOTYT BbITh NPUMEHEHLI AT MOHUTOPWHIA CpeHero CABUra U paccenBa-
HWUsI Npouecca oTAenbHO. Takum 06pasomM, MHOTOMEPHbLIE KOHTPOIbHbBIE KapThl MOTyT BbITb KnaccuduumnpoBa-
Hbl CNedyLWKUM 0bpa3oMm:

a) MHOrOMepHbIe KOHTPOMNbHbIE KapThl CABUra CpeaHero;

b) MHOromepHble KOHTPOMbHbIE KApThl paccenBaHUs nNpouecca.

Ans KOHTPONs cABWUTa CPEAHEr0 MHOTOMEPHEIE KOHTPOMbHLIE KapThl C HEB3BELUEHHLIMU CPeAHUMM aHa-
nornyHel Kapte Lyxapta X wnu kapTe MHOMBUAYaNbHbLIX 3Ha4YeHWA. OHKM MCNOMb3YHT MHGOPMALIMI0 TONBKO
13 TeKyLLel BbIBOPKN M OTHOCMTENBHO HEYYBCTBUTENbHbI K HEOOMbLLUMM 1 YyMEepPEeHHbLIM CABUram BeKTOpa cpes-
Hero. [ina pelueHus 3Toi NpobrnemMbl MOXHO UCMONb30BaTh MHOTOMEPHLIE KOHTPONbHbIE KapThl B3BELLIEHHLIX
CpefiHWX, TaKMe Kak MHOroMepHas KoHTponbHasa kapta EWMA. Tak ke, kak kapTel EWMA 06bIuHO ncnonsaytoT
ansa obHapyxeHna HebonbLIMX COBUIOB CPELHEro npouecca, Mx 06bIYHO MCNOMb3yHT A5 06HapyXeHWus coBu-
roe oT 0,5 o 2¢. Takum 0Bpa3oM, MHOTOMEpPHbIE KOHTPONbHLIE KApThl CPEAHEro MOXHO KnaccuuumpoBraTs
cnegyroLlmnm obpasom:

i) MHOroMepHble KOHTPONbHbIE KAPTbl B3BELLEHHbIX CPEAHUX (CM. pasaen 6), Takne Kak KapThbl xz nTZ

ii) MHOrOMepHbIE KOHTPOMNbHLIE KAapThl B3BELUEHHBIX CpeaHUX (CM. pasgen 7), TakMe Kak MHOroMepHas
KoHTpornbHas kapta EWMA.

Ha pucyHke 2 nokasaHo, Kak crieqyeT Bbibupars MHOTOMEPHYH KOHTPOIbHYI KapTy.

Caswr
cpeaHero
WK paccevBaHne
npouecca

Capwr cpeaHero PaccevBaHue npouecca

Coeur
GonbLoi
Wnu
HeBonNbLLoW?

Bonkwon cosur HeGonbluoi casur

|

MHoromepHast KOHTponbHas MHoromepHasi KOHTpOnbHast MHoromepHas KOHTpOnbHas
KapTa HEeB3BELUEHHbLIX CPeAHMX KapTa B3BELUEHHbIX CPEAHNX KapTa paccevBaHuA npouecca
apumMeTUHecKnx apUdhMETUNECKNX
Pa3nen 5 Pasnen 6 Paspen 7

PucyHok 2 — briok-cxema BbIbopa MHOrOMEpPHOW KOHTPOMBHOW KapThl
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6 MHoromepHble KOHTPONibHbIE KapThl HEB3BELUEHHbIX CPpeaHUX
ANA KOHTPONs cABuUra cpegHero npouecca

6.1 O6LMe nonoxeHUn

[nsa kaxgon M3 MHOTOMEPHbIX KOHTPOMbHbIX KAPT BO3MOXHbI [IBE pasnuMyHble CUTyauuu, Koraa:

a) 3aJaHbl yCTAHOBIMEHHbIE 3HAYEHWA NapaMeTPOB NPoLUecca;

b) 3HauyeHuWs NnapamMeTpoR npouecca He 3aaaHbl.

B kayecTBe npenBapuTENbHO YCTAHOBIEHHbLIX UM M3BECTHLIX 3HAYEHUI NapamMeTpoB npolecca MoryT
ObITb 3a4aHbl LeneBble 3HauYeHus, TpeboBaHMA UMK OLEHKM 3HA4YeHUA, onpefeneHHble Ha OCHOBE OaHHbIX B
YyCroBuAX cTabunsHOro npolecca.

CyuwlecTByeT ABa pasnuyHbIX 3Tana cOCTaBNEHWUS KOHTPOMbHbIX KapT:

i) atan |: KOHTpOnbHbIE KApThl NCNOML3YOT AN PETPOCMNEKTUBHOW NPOBEPKU TOrO, YTO NMPOLECC HAXo-
OUnNcAa B COCTOSAHUKM CTaTUCTMYECKOW YyrpaBnNseMoCcTu, Npu oTbope nepBbix nogrpynn. Kak Tonkko ato byget
CAEenaHo, KOHTPOIbHYK KapTy WCMNOMNb3YT ANA onpeaeneHus Toro, YTo cnegyet NnoHMMaTh Nnof NpoueccoMm,
HaxogdawmMmcs B CTabMNBHOM COCTOSIHMM. 3TO Ha3biBAETCA PETPOCMNEKTMBHbLIM MCMONb30BAHUEM KOHTPOIb-
HbIX KapT;

ii) atan Il: KOHTpONbHBIE KAPTbI MCMONbL3YIOT AN MPOBEPKMU TOrO, YTO NPOLIECC HAaXoauTesa B cTabunbHOM
COCTOSIHUUW MpU COCTaBneHWM Dyaywiux noarpynn. Ha 3Tom aTtane KapTy MCNONb3yKT B KayecTBE BCMNOMO-
raTenbHOro CpeacTsa Npu MOHUTOPUHIE NMpouecca Ha npeameT NMbbiX U3AMEHEHWA W BbIXOA4A Mpolecca u3
CTabMNbHOIO COCTOSHUA.

Opyrum BaxHbLIM BONPOCOM SIBNSAETCS 06beM n KaxaoW paunoHansHoW nogrpynnel. Ecnu n = 1, 170 He-
obxogumo cobrnrogats 0cobyH OCTOPOXKHOCTL. TakuMm 06pa3om, paccMaTpyBatoT YeThipe BO3MOXHOCTHU:

- atan |, n = 1, pabota c uHgMBMAYanNbHbIMW HAaBNIOOEHUAMY;

- atan |, n > 1, paboTa c payuoHanbHLIMK NOATPYNNaMU;

- atan ll, n = 1, pabota c uHOUBKAYANLHEIMW HABNIOOEHUAMY;

- aran ll, n > 1, pabota ¢ paynoHanbHbIMU NOArPyNMnamMu.

6.2 KoHTponbHbIe KapThl cpegHero npouecca (n > 1)

6.2.1 KoHTponbHasA kapTa y 2, Koraa ycTaHOBIIEHHbIE 3HA4YeHWA NapaMeTPOB U3BECTHbI

Mpeanonoxum, YTo BEKTOP X MOAYMHAETCS d-MepHOMY HopmanbHoMy pacnpegeneunio Ny(p,, ), 1
13 npouecca otobpaHo m nogrpynn o6bemMoM n > 1 kaxgasa. Kpome Toro, NpeqnonoXuM, YTo BEKTOpPbl Ha-
GnogeHnii X He 3aBUCAT OT BpeMeHu. KoHTponbHasa kapTa MoxeT GbiTb OCHOBaHa Ha MocnefoBaTeNlbHOCTH
crneayoLmMx CTaTUCTUK:

DJZ =”(ij—llo)TEo_1(ij—llo),f=1,2,--- . m. (1)

3nechb ij — BEKTOP CPeHUX j~i paunoHanbHOR NOATPYNbl, g, U Ly — U3BECTHLIN BEKTOP CPEAHMX 1
M3BecTHas ,EI,MCI'IepCVIOHHO KOBapualMoHHas Matpula COOTBETCTBEHHO.

CrtatucTuka D npeacTtaensaeT cobor B3BeLleHHOe paccmﬂHwe (paccTosHuve MaxanaHobuca) ot nboi
TOYKW Ha KapTe a0 u,enw Mo- ECnn 3HaveHne ctatmctukm D NPEBbLILLAET BEPXHIO KOHTPOMbHYIO rpaHuLy,
3TO YKa3blBaeT HA BO3MOXHOCTL BbIXOAA npouecca u3 CTaﬁuanoro cocTosiHMA. Kak npaBuno, KOHTPOmbHbIE
KapTbl UMEIOT KaK BEPXHWE, TaK U HUXKHWE KOHTPOrbHEIE rpaHuLbl. OgHAKO B 3TOM CriyYae UCMOMb3yoT TONbKO
BEPXHIO KOHTPOSIbHYHO FPaHULLy, NOCKOMbKY 3KCTpeMarbHble 3Ha4YeHMs CTaTUCTUKM COOTBETCTBYIOT TOYKaM,
yAaneHHbIM OT LeNeBoro 3HaYeHus g, ToYKam, BrU3KUM K LeneBoMy 3Ha4YeHU0 py, COOTBETCTBYIOT Marble
WNW HYreBble 3HaYeHUsl CTaTUCTUKH.

CraTtucTtuka DJ? noaYnHAETCA xz—pacnpe.ueneHmo ¢ d cteneHamMn ceoboabl. TakuMm obpasom, MHoromMep-
Has koHTponbHas kapta LLyxapTa ans cpegHero npouecca ¢ U3BECTHLIM BEKTOPOM CPEHEero pg U N3BECTHOM
ANCNEPCUMOHHO-KOBaPUaLIMOHHON MaTpuUen Xy UMeeT CrieflyioLlyto BEPXHIO KOHTPOMbHYIO rpaHuLy:

.2
il & (2)

[ns onpegeneHns BepxHei KOHTPOMNLHOW rpaHuLbl YPOBEHb BEPOSITHOCTU O MOXET ObiTb BbiGpaH 13
psaa 0,1 %, 0,2 %, 0,5 % wunn 1 % ¢ yueTom ocobeHHOCTEN NpakTUYeckoro NnpuMeHeHus. Hanpumep, Beibop
0,2 % 03HayaeT, YTO CYLLECTBYET PUCK NMOXHOW TPEBOTM, NPUBNMU3UTENEHO paBHbld 0,2 %, Unu npouecc Ha-
XoOuTcsa B cTabWUNbLHOM COCTOSIHMI B CpefHeM [Ba pasa U3 ThICAYM Cry4aeBs, Korda To4Ka CTaTUCTUKK D2 Ha
rpachyke HaxoouTCsa 3a nNpedenaMiy BepxXHeil KOHTPONbHOW rpaHuLibl.

6
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Takylo KOHTPONbHYIO KapTy Ha3blBaKT KOHTPONLHOI kapToii ¥2 atana Il.

6.2.2 KonTponbHas kapTta T2, korqa 3HaYeHUs NapaMeTPOB NpoLecca He U3BEeCTHbI

Ecnun nonyveHbl HabnogeHust 20 nogrpynn, MHOFOMEPHbIE KOHTPOSbHbIE KapTbl MCMOMb3YOT ASA MO-
HUTOPUWHra NpoLIecca W BEKTOP BbIGOPOYHOTO CPeaHero X OLeHWBaloT Kak cpedHee apudmeTuyeckoe BCex
cpeaHux B nogrpynnax. Matpuuy BelGOpPOYHbLIX gucnepcuid U koBapuauuini § oueHneaT kak d x d matpuuy
cpegHvx aucnepcui 1 Kkosapuauuit noarpynn. Cm. C.1.

Ecnu py 3amMeHnTb Ha X a r,—Ha® cn>1,rae ij — cpefHee j-W paunoHanbHOW noarpynnel, KOH-
TPOSibHAas KapTa MOXeT OblTb OCHOBaHa Ha NOCNefoBaTeNbHOCTM 3HA4YEHUI CNeayoLen cTaTucTkm [4]:

T2 :n(ij_i)T§‘1 (X-X),j=1,2,..,m. (3)

Cratuctuka TJ? lcg(d,m,n) nopuuHAeTcs F-pacnpefeneHnio ¢ YWMCNom cTerneHen cBobodbl d u
(mn—m—d +1). 3aecb cy(d,m,n) = [dm—1)(n—-1))(mn—-m—d+ 15,

Takum 0o6pa3om, MHOroMepHas KOHTporbHas kapTta WyxapTa onsa cpefHero sHadeHus npouecca ¢ Heus-
BECTHLIMK NapamMeTpamMu UMEET CrefyIoLLY BEPXHIOK KOHTPOMbLHYO rpaHuLy:

dim-1)(n-1
UCL =% 1—o,d,mn—-m—d+1* (4)

OTY KOHTPOIbHYIO KapTy Ha3bIBaT KOHTPOIbLHOW KapTon T2 arana .

Ecnu py 3amennTtb Ha X, a £y — Ha 8, ¢ n > 1, rie X; — cpeaHee Gyayuiei paunoHanbHOW noarpynmbl,
KOHTpOmbHas KapTa MOXeT BbiTb OCHOBaHa Ha NOcnefoBaTeNbHOCTU 3HAYEHUI crneayoLlei CTaTUCTUKK:

T2=nX-%X)T8 " (X,—X). (5)

CTtaTucTuKa T? feq(d,m,n) nopumHseTca F-pacnpefeneHuio ¢ YucnoMm cteneHei ceobogbl d
(mn—m—d+1),rae cy(d,mn) =[dim + 1)(n - 1)}(mn—m—d + 1)1 u m — konuyecTBO NoArpynn, OTHOCS-
wmrxecsa K arany |.

Takum oBpa3oM, MHOrOMepHas KOHTponbHas kapTa LyxapTa ans cpegHero npouecca ¢ HeM3BeCTHLIMU
napameTpamu npouecca UMeeT CNeayoLW Yo BEPXHIOK KOHTPOMNbHYIO rpaHuuy:

d(m+1)(n-1)

UgL = 1 Frood mn-m-d-1- (6)

mn-m-—d+
OTa KOHTPOMbHAs KapTa Ha3biBAETCS KOHTPONbHOI kapToit T2 atana |I.

6.3 KoHTponbHbIe KapThl cpegHero npouecca (n = 1)

6.3.1 KOHTPOJ’I bHaA KapTa Xz, Korga yCctaHOBJIeHHbl€ 3Ha4YeHWNA NnapamMmeTpoOB M3BECTHLI
ﬂ]’lﬂ KapT, NOCTPOEHHbLIX C NCNONb30BaHMEM OTOENbHbIX HaﬁﬂlO,HeHMl?I (ﬂ = 1), KOHTPOJbHaA KapTa MOXeT
ObITb OCHOBaHa Ha rnocnefoBaTensHOCTU 3HAYEHUI CJ'Ie,EIyKJIJ.I,E.‘I?I CTaTUCTUKK:

D? = (xj— Po)TEB1 (xj— R j=1,2,....m, (7)

rae xj—j—e HabnogeHue, j =1, 2, ... m, n3 Ny(ng, Zp), rae pg v Ly — W3BECTHbLIA BEKTOP CPEAHWUX U M3BECT-
Has AMCNepCcMOHHO-KOBapMaLnoHHasa MaTpula CoOOTBETCTBEHHO. Bonee Toro, NpeanonoXum, 4To Ha-
bniogeHns x; He 3aBUCAT OT BpemeHu. Ctatuctuka Dj? NoAYMHSIETCS y2-pacnpeneneHnio ¢ YACTIoM
cTteneHen ceoboabl d. Takmm obpazom, MHOromepHas koHTponbHas kapta Wyxapta ana cpegHero
npouecca ¢ W3BECTHbLIM BEKTOPOM CPedHero Mg M U3BECTHOM AWCMNEPCMOHHO-KOBapUaunoHHOW Ma-
TpuLen Xy UMeeT CreayoLLy BEPXHIOI KOHTPOMbHYH rpaHuLly:

3%
UcL=29- a0 (8)

Takasa KOHTPONbHas KapTa Ha3blBaeTCH KOHTPONbHOW KapTou X2 atana Il.

6.3.2 KonTponbHas kapTa T2, korqa 3HaYeHUs NapaMeTpPOB NpoLecca He U3BECTHbI

Ecnu nony4yeHsl HabnogeHns bonee 20 Habniogaembix BEKTOPOB MO MHOTOMEPHbLIM XapakTepucTuKam
1 Arsi MOHUTOPKHIa NpoLecca UCNonNb3yT MHOTOMEpPHbIE KOHTPOIbHbIE KapThl, OLLEHWBAKT BEKTOP CPeaHero
BbIGOPKM X 11 BEKTOp Avcnepcun-koBapuauuu seibopkn S. Cm. C.2.
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Ecnu Hp 3@MEHSAOT Ha x E‘O —iHa S rae Z ABNAETCA j—M nHoneuayanbHbIM HaGJ’II-O,EI,EHI/IEM KOTOpOE He
ABNAETCA He3aBUCUMbIM OT OLIEHOK xu S KOHTpOJ’IbHaH KapTa MOXeT 6bITb OCHOBaHa Ha nocnegoeaTeribHO-
CTn Cl'le,[lleLLI,EVI CTaTUCTUKK:

Tf=(xj—i)T5_1(Xj—i)J=1-2,----m- 9)

Crtatuctuka T?/do(m) noguynHaeTca OeTa-pacnpefeneHud ¢ 4YUCNoM cTeneHei cBobogbl di2 w

%[Z(m_—‘lf_d_1} rae do(m) = (m—1)?

3m-

Taknum oGpaaoM, MHOIoMepHaa KOHTPOINbHAA KapTa LnyapTa Aana cpegHero npouecca ¢ HeM3BECTHbIMU
napametTpamMmun nMmeet cnenyrLlly BEPXHIOK KOHTPONMbHYK rpaHnLy:

UCL_(m Py M[z(m v, 1]/ (10)

Takas KOHTPOMNbHAs KapTa Ha3biBAETCA KOHTPOMNbHOM kapToit T2 aTana .

Ecnu p, 3ameHuTb Ha X, L, — Ha S, rae x; — Gyaywee vHameBnayansHoe HabnogeHue, KoTopoe He
3aBUCUT OT OLEHOK X 1 S, KOHTPONbLHas KapTa MOXeT ObiTb OCHOBaHa Ha MOCNEeA0BaTEeNbHOCTU 3HAYEHMN
crneayLLen CTaTUCTUKK:

T2 = (%~ X)T $~1(x; - X). (11)

Cratuctuka T2 < /dy(m,d) I'IO,DHMHF!ETCF! F-pacnpegeneHuto ¢ Yucnom cteneHemn ceoboasl d u (m — d), rae
dy(m, d)=d(m + 1)( — 1)[m(m - d)I~' 1 m — konnyecTBO HabNOAAEMbIX BEKTOPOB, OTHOCSLLMXCA K aTany |.

Takum o6pa3om, MHOroMepHast KOHTponbHas kapTa LLyxapTa ansi cpegHero npouecca ¢ HEM3BECTHBIMM
napameTpamu UMeeT CNeAYHOLLYI BEPXHIOK KOHTPOMBHYH FpaHuLy:

d(m+1)(m-1)

UgL = Wa—u,d‘m—d' (12)

Takaa KOHTpONbHAasA KapTa Ha3blBA€TCH KOHTPOMNbLHOW KapToMr T2 arana ll.

6.4 O606ueHne U BLIGOP MHOrOMEPHLIX KOHTPOMNBHLIX KapT C HEB3BelleHHbLIMU CpeaHUMMU
apumMeTU4EeCKUMMU CABWUIOB cpedHero

B TBSJ'IVILI,E 1 npreeneHbl CTaTUCTUKU U BEPXHUE KOHTPOIbHbIE TPAaHWLUbI B pa3fnMiU4HbIX CllydadaX MHOro-
MEpPHbIX KOHTPOJIbHbIX KapT C HeB3BELWEHHbIM CpegHUM O5A COBUNOB CpegHero npouecca, a Ha pUcyHke 3
NOKa3aHo, Kak BbIGI/IpaTb OTW KOHTPOINbHbIE KapThbl.

Tabnu ua 1— MHDFOMBprIE KOHTPOJbHbIE KapThl C HEB3BELWWEHHBIMW CpEOHUMIA

CocTtosiHue Cratuctuka u FAMMGHOBRHIS
cL KapTbl
2

napamMmeTpbl 2 - _a\T w=1(% _ 2 Kapta ¥ atana ||

M3BECTHbI D! n (xf Mo) E7 (XJ Ho) X1~ 0d npw n >1
atan | 2w STe s T M Kaprta T2 atana |

n>1 Ti=n(X-X)'8 (X;—X) g1 -edmn-m-d+1 npun > 1
y i L d(m+1)(n-1) Kapra T2 atana Il

2_ o _STels = ot LR L p
aran Il T2=nX-x)'8" (X;-X) g admn-m-dit npu n > 1
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OkoHyaHue mabnuuysi 1

CocTtosaHue Cratuctuka UgL eHonanye
KapTbl
napametpbl 2 T 1 2 Kapra y2 atana Il
M3BECTHbI Df=(x;—ng)" 7" (x;—ng) X1 -ad npun=1
(m-1y? 2
2ty T ey _ T Uy =———8 2 Kapta T< atana |
f= atan | TS (xj X)' S (xj X) m 1_#&[2;::1_1‘)‘ _d_1]/2 i |
d(m+1){m-1) Kapra T2 I
2 iy T a1 = apta T< atana
atan Il T¢=(x=X)' S (X;—X) m(m—d) o, d,m—d iR =71
O6bem Hi=
BbIBOpKY,

n

MapameTtpel
npouecca
WU3BECTHbI?

Mapametpbl
npouecca
U3BECTHbI?

HewussecTHbI M3BECTHEI HenapecTHbI 3BeCTHBI

3ran 1

Sran 1 Sran I

Y Y

2 2

Kapta T Kapta T4 Kapta X Kapta T Kapta T Kapta X
atana [ atana II atana II atana [ atana Il arana Il
npun > 1 npun=>1 npu n > 1 npun=1 npun =1 npun=1

PucyHok 3 — Bnok-cxema Bblbopa KOHTPOSMLHOW KapThl

Bo MHorux cutyaumax TpebyeTtcs Bonbluoe KonuyecTBo NpefBapuTentsHLIX BbIBOPOK, Npexae yem byayT
TOYHO OnpeaeneHbl KOHTPOmbHbIE rpaHuLbl aTana |l. PekomeHayemoe KonM4ecTBO m npeaBapuTesibHbIX Bbl-
Bopok Bcerga 6onee 20, a yacto u 6onee 50, ocobeHHo ana nogrpynn ¢ o6bemom Gonee 10.

6.5 MNpoBepka Ha HanNW4Yue yCTaHOBMEHHLIX MPUYUH

B kaptax LyxapTta X u X-kapTax 4nsa BbisBNeHUs HeGonblUMX CABUIOB, HE A0CTAaTOMHbLIX AN ObICTpo-
ro NOsIBNeHWUsa ToYeK 3a Npedenamy KOHTPONbHLIX rPaHUL, YacTo UCMOoNb3yoT HaGop NPU3HAKOB U3MEHEHUS
KPWBOWN Ha KapTe, TakMX Kak cepun W TpeHabl. [ocKonbKy cTaTUCTUKA AN KOHTPOMbHbIX kapT x2 n T2 xapak-
TepusyeT KBaapaT PacCTOSHWA OT COOTBETCTBYIOLLEH TOYKM [0 LEenn py, OHa He BbIABMSET TOYKM, pacnono-
EHHbIE BbIlE UMK HWXKe LeHTPanbHOM NUHWK, Kak Ha kapTax Lyxapta u X-kapTtax. [Jns KOHTPOMNbHbIX KapT
¥2 11 T2 HUKHE! KOHTPONBHOI rPaHNLIbl HE CyLlecTByeT. Takum 06pa3om, MeHbLIME CABUM He MOTYT NPUBECTHU
K MOSIBMEHWIO CEePUIt N TPEHJOB Ha KOHTPOMbHbIX KapTax x2 u T2 B otnuume ot kapT Wyxapta u X-kapt. Ons
KOHTPOMbHbIX KapT %2 1 T2 cUrHanom o BO3MOXHOM BbIXOAE NPoLecca U3 cTabUnbHOro COCTOSHUSA SBNAETCA
TOMLKO NPEBbILIEHNE CTATUCTUKON BEPXHEN KOHTPOIMLHOW rpaHuLbl.

[na NpoBepKU MeHbLUMX CABWUIOB CPEAHEro MHOTOMEPHBIX XapakTEPUCTUK NMPUMEHSAT MHOTOMEpHbIe
KOHTPOIbHbIE KAPThl B3BELLEHHOTO CPedHero.
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7 MHoromepHble KOHTPONbHbIE KapThl B3BeLWWEHHbIX CpeAHUX AN KOHTpons
cOoBUra cpegHero npouecca

KapTbl 72 u T2, onucaHHble B pasnene 6, ABNATCA KOHTPONLHLIMM KapTamu Tuna kapT LLyxapta. OHu
MCNONb3YT TONBKO MH(DOPMAaLMID TeKyllern BbIBOpPKM, MOITOMY OTHOCUTENbLHO HEYYBCTBUTENbHbLI K HEOOMbL-
LIKM 1 YMEPEHHbLIM CABUram BekTopa cpeaHero. Kaptbl T2 MOXHO WCMONb3oBaTh B CUTYaLIMsAX Kak MepBoro, Tak
1 BTOporo atana. KoHTponkbHble kapTel EWMA 6binv paspaboTtaHsl anga obecnedyeHnsa 6onbLuein YyBCTBUTENb-
HOCTW K HeBONbLWWMM cABWraM B OQHOMEPHOM Cry4yae, UX MOXHO pacnpoCTpaHWTb HA MHOTOMEpPHbIE 3aa4qn
KOHTpons. Kak n B oAHOMEepHOM cry4ae, MHOrOMEpPHYI0 BEPCUMI0 3TUX KapT BCerga UCMoNb3ylT B KadecTee
npouenypsl atana ll.

MEWMA saBnseTtcs norndeckuMm npogormkeHunem ogHomepHoro EWMA, ero onpegensiwoT cnegylowmm
obpa3zom [5]:

Zj=3\xj+(l—l)Zj_1,j=1,2,..., (13)
roe Zy = [, NPU KOHTPOME CpefHero
L=diag (ky, Ao, ..., hy), 0 <h;s 1. (14)
Kak npaBuno, npegnonaratT, YTo A; OQUHAKOBbI U }; = . MEWMA MoxHO 3anucats:
Zj=hxj+(1—k)2j_1,j=1,2,.... (15)

KoHcTaHnTa A, 0 < A <1, aBnaetca ckonbaswmm napamerpom EWMA. Ctatuctnka MEWMA cokpallaetcs
[0 X;, Korda h = 1.
Kapra MEWMA BbigaeT curHan o HapyLlueHuy ctabunbHOro CoCTOsHWA, Koraa:

Y2=(Z— o) 251,1 (Zj— po) > h, (16)

roe h — BepxHAA KOHTponbHasa rpaHuua MEWMA, a aucnepcrMoHHO-KOBapuaLMoHHasa maTpuua X, cTaTUCTu-
km MEWMA Zj UMeeT BUA; !

ol ; (17)
Zzl. —ﬁ“—('] —7\-)21] Z:0

aHanoru4yHo ogHomepHomy EWMA. Ecnun A = 1, kapta MEWMA cokpauwiaeTca 0O MHOTOMEPHOW KOH-
TponbHOW KapTbl LWyxapTa. Ecnu n3BecTHbl BEKTOP CPEAHEro pg U AWCNEePCHOHHO-KOBapMaLMoHHas matpuua
X, 0T X;, kapTa MEWMA npeBpallaeTtcs B KapTy %2 npu i = 1.

Ananua ARL koHTponbHoi kapTel MEWMA MoxeT ObiTb MCNONb3oBaH Ons Belbopa A 1 h Ha OCHoBe
MOZenMpoBaHua ¢ y4eToM obbema noarpynnel, pa3mepa casura, ycTaHosneHHoro 3HadeHns ARL, n ARL, co-
OTBETCTBYIOLLErO 3a4aHHOMY pasMepy casura § = [(p — pg)" 71 (n — pg)1"2. BHaueHus h BoiBupatoT Ans focTu-
KeHusi yctaHoBneHHon ARL. 3HaveHve L BbibupaloT aAns MuHumumsauum ARL) B COOTBETCTBUU C pasMepom
cABUWra BeKTopa cpeaHero criegyowiM obpasom (cMm. Tabnuuy 2):

- 3HayeHue ) meHee 0,05 npegnoyTuTEnsHO AN 0OHapyxeHusa BenuyuHel cagura § = 0,5. HecmoTtps Ha
TO, YTO KONMWYECTBO NepeMeHHbIX UMeeT BaXKHOe 3HauYeHue, pekoMeHayeTcsa ucnone3osath A = 0,03;

- ansi caeura, npubnuantensHo pasHoro & = 1, A = 0,1 6nu3ko k Hamny4wemy BbIBOpy B LWIMPOKOM OuWa-
nasoHe d;

- ansa cgeuroe & ot 1,5 o 2 xopowunM Beibopom aBnsaTcA 3HadeHus L ot 0,15 go 0,25;

- ana cosuroe ¢ 6 = 3, A = 0,4 ABnsAeTcsA paunoHanbHbIM.

Tabnuuya 2— OnpegeneHune A Ha OCHOBE BENUYMHLI CABWIa o

BenwuuHa casura & 0,5 1 Ot15002 3
I8 0,03 0,1 010,15 000,25 04
MpumevaHue — B tabnuue 2 npvBedeHbl 3Ha4eHWsa A Ha ocHoBe caeura 8. OgHaKko TOYHbIM pasMep coBwra

nerko onpefenuTb 3apaHee. bonee Toro, pasymMHO BECTW MOHWTOPUWHT HeDOmnbLUMX CABWMIOB MpoLecca BMECTO COBuUra
YHUKansHoro pasmepa. B MCO 7870-6 pekomeHgoBaHo, YToObl HAMboNee YacTo MCMOMb3yeMble 3HaYEeHUA A HaxXoQMIch
B anana3sone o1 0,25 no 0,5 BKNOYMTENBHO.

MpumeHeHne koHTponbHOWM KapTel MEWMA onucaHo B npunoxeHun B.
10
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8 KoHTponbHbIe KapTbl pa3bpoca npouecca

MameH4YMBOCTL MpoLecca CyMMUPYHOT € MOMOLLBH OUCNEPCUOHHO-KOBApUaLWMOHHOW MaTpuubl ¥ pas-
mepa d ¥ d. OCHOBHbIMW [MaroHanbHbIMW 3MeMEHTaMM 3TON MaTpULbl ABMAAITCA OUCNEPCUM OTOENbHbIX
nepeMeHHbIX NpoLecca, a HeguaroHanbHbIMK 3NeMeHTamMu SBNAWTCS koBapuauun. MNpsamas npouegypa mo-
HUTOPUHra pasbpoca npouecca SBNAETCA paclUMpeHneM 0gHOMEPHON KOHTPOMNBHOW KapTbl M 3KBMBANEHTHa
NOBTOPHLIM NPOBEPKAM rMNoTesbl 0 TOM, YTO KOBapuaLMoHHas maTpuua npouecca pasHa marpuue X,. Ctatu-
CTuKa, oTobpaxaemMasi Ha KOHTPOIbHOW KapTe j-i noarpynnel, uMeeT BuA [6]:

W; = —dn + dnin(n) — nin(|A{/|Z]) + tr(Z“1Aj), e

roe AJ,-= (n- 1)Sj, Sj — AUCMNEepCUOHHO-KOBapWauMoHHasa MaTpuua j-i nogrpynnel, a tr — onepaTop onpe-
OeneHvsa cnega matpuubl. Cneg Matpuubl — CyMMa OCHOBHbIX AWaroHanbHbIX ane-
MEHTOB. Ecnw 3HaueHne W; pacrnonoxXeHO Bbillle BEPXHEN KOHTPOMBHOM rPaHuLkl
UgL=x 1 a,d(d +1)12: npou,ecc BbIXOAMUT U3 CTABWMNBHOMO COCTOAHKS.

[Opyroi noaxon npyv MOHUTOpPWHre pas3bpoca npolecca OCHOBaH Ha aucnepcun 06o6LLeHHOR BEIBOPKK
|S|, koTopast npeacTaensieT cobol onpegenuTens BoIBOPOYHON ANCMNEPCUOHHO-KOBAaPUALIMOHHOK MaTpuLbl S.
Hanpumep, oguH 13 METOOQOB COCTOUT B UCMOMNb30BaHWW ANS ONpefeneHnsi BEPXHEN M HUKHEN KOHTPONbHbIX
rpaHuL Npu MOHUTOpPWHre pasbpoca npouecca cpenHero u gucnepcuu |S|, 1o ecte E(|S|) n V(|S]), a Takke

TOro, 4YTo BONbLLUYK YacTb pacnpefeneHusa BepoaTHoCcTen |S| HakpeiBaeT nHTepBan E(|S|) + 3 V(|S|) B npu-
NOXEeHUU A NpUBELEH NPUMEP, NOKa3blBAOLWUA NPUMEHEHWE KOHTPOMbHOWM KapThl, OCHOBAHHOE Ha 0606LLeH-
HOW AMCrnepcun oTaenbHbIX HabnwaeHun (n = 1).

MHoromepHoe pacluupeHne KOHTPOIbHEIX KapT pa3bpoca npollecca He Tak NPOCTo, Kak KapT cpegHero
npouecca. Obwas Mogenb N METOAbI, OXBAaThIBAIOLWME LUMPOKUIA CNEKTP Npobnem, BO3HUKALWKMX Ha NpakTu-
Ke, OTCYTCTBYIOT. B BONbLUMHCTBE CNyYaeB KOHKPETHLIE 3a4a4u HeoBXoANMO pellaTh YHUKaNbHLEIM 06pasom.

Bbinu BHeApeHbl pa3nuyHbie ansTepHaTUBHLIE METOALI MOHUTOPUWHIA padbpoca npolecca, KoTopkle no-
AYYANKM LIMPOKOE NPU3HAHUE Ha NpakTuke. HECMOTPS Ha TO, YTO pacnpocTpaHeHWe 3TUX METOLO0B Ha MHOro-
MepHBIR cnyyail umeeT Bonbluoe 3HaYyeHWe, NpoLeaypamMm MOHUTOPWHIA KOPPENsLUA Mexay XapakTepuctu-
KaMW MHOrOMEpPHOro mpouecca y[AensieTcsl o4eHb Mano BHUMaHWusi. BoaMoXHO, 3TO OTCYTCTBME nporpecca
CBfI3@HO C TeM, YTO CTaTUCTWYECKWe BbiBOAblI MO OUCMEPCUOHHO-KOBAapWaLMOHHON mMaTtpuue, Kak npasvno,
[OBONbHO CroXHbI. KpoMe Toro, B OTNMYKME OT 3a4aqu KOHTPONsi CPefHero npouecca, Henerko o4HO3HaYHO
onpefenuTb CABWIW B UCTIEPCUOHHO-KOBapUaLMOHHON MaTpuLe, KOoTopble Heobxoaumo oBHapyxuTe. [pyroi
TPYAHOCTbIO Mpu pa3paboTke TakoW MHOFOMEPHOW npouefypbl SBNAETCA MAeHTUdMKALMA napaMeTpa (na-
pameTpoB) HecTabWnbLHOCTK NpoLlecca, Koraa Ha KOHTPONBHOW KapTe MOSIBMSIETCA CUTHam O HeCTabuIbHOM
COCTOsIHUM npouecca. B MHoromepHoM crnyyae HeobxoAMMOCTb MOHUTOPUHIA M3MEHYMBOCTHM NpoLecca cTa-
HoBWTCS ele Bonee 04EBUOHOWM.

MNpuMeHeHMe MHOTOMEPHBIX KOHTPOIBHLIX KapT cpegHero npouecca W pasbpoca npouecca paccMmoT-
pPeHOo B NpUnoxeHun A.

9 UHTepnpeTauusa curHana o HectabuNbLHOM COCTOAAHUM Npouecca

MHoromepHble KOHTPOIbHbIE KapThl CNOCOBHbLI pacno3HaBaTh NPOLECE, Beiluedlunii N3 cTabunbHOro co-
CTOSIHUS.

Ecnu ogHoMepHas KOHTPONbHAaA KapTa BblAaeT CUrHan o HecTabunbHOCTKW NpoLecea, To, Kak npasuno,
MOXHO NMerko obHapyXuTbe NpobnemMy M HaWTWU pelleHue, MOCKONMbLKY OLHOMEpHAas KapTa CBf3aHa C O4HOW
nepeMeHHoON. 3TO HEBEPHO AN MHOTOMEPHOW KOHTPOIbHOW KapThbl, MOCKOMNbLKY 3ageicTBoBaH Habop nepe-
MEHHbIX 1 MEXAY HAMW CYLLECTBYIOT KOPPEenALWOHHbIE 3aBUCUMOCTH.

WaoeHTudurkaumsa HectabunbHOW NepeMeHHON Npu NOSIBIEHWW CUTHana Ha MHOTOMEPHOW KOHTPOMNbLHOM
KapTe — WHTepecHas Tema Ans akageMuyeckux uccnegosaHuin. O4eBugHbIA NOAX04 COCTOUT B UCMNOMb30-
BaHWWM COOTBETCTBYHOLWMUX OAHOMEPHbLIX KOHTPOMbHLIX KapT. MIHorda MeToAdbl AeKOMMNO3ULUK NPUMEHSIOT Ans
noeHTUUKaLNN KOHKPETHBIX MOAMHOXECTB, KOTOPbIe BbIi3biBAIOT COOTBETCTBYILWMA curHan. [ns aHanuaa
TOro, Kakne M3 nepemMeHHbIX OTBETCTBEHHLI 3@ MOABNEHWEe CUrHana, Takke MoXeT ObiTb MCNoNb3oBaH MeToq
rmaeHbIX KOMNOHEHT. OgHako npobrnema MHTepnpeTaLun curHana o HectabunbHOCTU NpoLlecca OCTaeTes OT-
KpbITOWM 1 TpebyeT gansHenLero nccneaoBaHus.

11
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MpunoxeHue A
(cnpaBo4Hoe)

anMEp MHOrFrOMepHoOro CtTaTUCTU4eCKOro KOHTponda npouecca

A.1 Obwwme nonoxeHun

[NA oLeHKM KauecTBa YNETPa3BYKOBOW CBAPKM KOHTPONUPYIOT rMyGuHY NponnasneHus Wwea. [ns aHanusa B3aumMo-
CBA3aHHBIX XapaKTePUCTWK, BMUAKOLMX Ha rMyBUHY NponnaBneHus WBea, NPUMEHSKT MHOTOMEPHYHO KOHTPOIBHYIO KapTy.
Ha ocHoBe npegbigyLiero onbita 6einv onpegeneHsl TP XapakTepUCTMKIA: rMyBrHa CBApOYHOro Konbua, rmybuHa BCTaBKK
1 QuameTp BXOAHOIO OTBEPCTUA pacTpyba.

A.2 Habniogaemble gaHHble

Kaxabiii Mecsl BblOMpalT M aHanuaupyroT ogHy getans. O6bem noarpynnel paeeH 1. CobGpaHHble gaHHble Ha-
bnogeHuit o rmybuHe cBapoYHOro Konbla, rMybuHe BCTaBKM M AnaMeTpe BXOOHOMO OTBepCTUst pacTpyba npuBedeHbl B
Tabnuue A.1. Vx ncnone3yoT Ang aHanuaa Toro, 6ein nv npouecc ctabuneHeiM (atan |). KoppensumoHHaa matpuua, nony-

YeHHasi Ha OCHOBe Habnwaaemblx aHHbIX, NpuBeaeHa B Tabnuue A.2.

Tabnwuuya A.1— VMcxogHble AaHHbIe NO NokasaTenam CBapku

Ne [ny6uHa ceapo4Horo Konbua, MM Iny6uHa BCcTasku, Mm ﬂuamerp;:gfpp.;gar?w?;aepcmg
1 10 19,4 31
2 8 192 31
3 10 19,96 30,5
4 10 18,8 31
5 8 18,52 26,5
6 5 20,4 26
7 6 20,84 29
8 10 19,44 30
9 10 20,36 32
10 10 20,28 33
11 10 20,24 32
12 4 19,08 29,5
13 10 20,52 32,5
14 10 20,56 31,5
15 4 20,12 30,5
16 3 17,96 28
17 6 19,08 30,5
18 10 18,8 31
19 5 20,68 32,5
20 6 19,64 30
21 6 18,52 27,5
22 4 18,16 32,5
23 6 18,04 29
24 8 19,28 29

12
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Ne my6uHa cBapo4HOro Koneua, Mm myBuHa BcTaBkKU, MM ﬂwammg:ggs;;;a;;aepcmn
25 8 19,88 28,5
26 8 19,2 28
27 10 19,62 32,5
28 10 19 32,5
29 8 19,88 26,5
30 8 19,4 31
31 8 19,32 31
32 6 20 35,5
33 6 19,44 26,5
34 10 19,64 34
35 5 19,4 30,5
36 5 19,4 31,5
37 10 19,52 325
38 5 20,32 29,5

Tabnuuya A.2 — KoppensunoHHas matpuua

XapakTepucTuka Fnyﬁrgj?bi:lﬁno;mro myBuHa BCTaBKKU, MM OTB'%ISETVTJ‘;:;SS;;;?MM
[MyBuHa cBapo4HOro Kornbua 1
[MyGuHa BcTaBkK 0,201 1
[unameTp BXoOHOro OTBEPCTUA pacTpyba 0,342 0,227 1

13
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A.3 MHoromepHbIA aHanus:
IS|

2,5

7 1 s —_— UCL =21

1,5 i / ,
\ f /
1,0 \ /\ ,/ \ ) /'\ L \-\.\ _ / Is| = 0,818
- v \/\/ \/ \L J \/\»J \\t/i‘f R,
0

_______________________________ sl =0
I I | | I [ I I I I
1 5 9 13 17 21 25 29 33 37
Tzh
20
_______________________________ I UCL = 17,46
15

10 A
5= /\\ ,..../ \\ A / A /\‘ menmaHa = 3,77
il e A Tl e

1 5 9 13 17 21 25 29 33 CTA |

j — Tekywmii Homep noarpynnsl; |S| — o6obLieHHas aucnepcus; T2 — 3HaveHne cTaTucTukn T2

PucyHok A.1 — KoHTponsHas kapta T2
W KOHTPOMbHAas KapTa, OCHOBaHHasA Ha o6obLieHHoi gucnepcum

Ha pucyHke A.1 BUOHO, YTO BCE TOYKU PACMONOXKEHBI BHYTPU KOHTPOMNBHBIX rpaHuvl. He3aBucUMO OT KOHTPOMbHOW
kapTbl T2 1 KOHTPOMBLHLIX KapT pa3Bpoca NpoLecca, NPOLECC ABNAETCS CTABUNbHLIM.
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MpunoxeHune B
(cnpaBo4Hoe)

Mpumep KOHTponbHOW KapTel MEWMA

B.1 O6wwne nonoxeHus

B npouecce cOopKn aneKTPOHHOW NPoayKUMK Ka4eCTBO AMNEKTPOHHLIX U30ennuid B 3Ha4YMTeNbLHOW CTeNeHn onpeae-
NAT Ka4yecTBo M 0e30TKa3HOCTb NasiHblX coeanHeHWiA. [JaHHble MOHUTOPWMHIa KadecTBa NasiHoro CoequMHEeHMA BKKYaoT
B cebs CKOpOoCTb 1 TEMNEpaTypy Namnku.

B.2 Habnwpaemsblie gaHHbIe

[aHHble MoHWTOpMHra cobupaloT ¢ NOMOLLLI0 aBToMaTtusrpoBaHHoro obopynoeanua. B tabnuue B.1 npusenexo
125 nap gaHHbIX HENPepPbIBHLIX HAbNAEHUA. 3aTeM ONpedensoT KOPPensaUMOHHYK MaTpuuy (cMm. Tabnuuy B.2).

Tabnuuya B.1 — McxoaoHble gaHHbIE

Ne CkopocTb, M/MUH Temnepatypa, °C
1 2,24 784
2 2,08 810
3 1,76 789
4 2,20 715
5 2,04 819
6 2,02 866
7 2,06 795
8 1,94 790
9 1,96 814
10 2,02 730
11 2,03 811
2 1,70 787
13 2,15 808
14 1,92 794
15 2,32 868
16 2,06 806
17 1,80 832
18 1,94 755
19 2,07 848
20 2,06 791
21 1,86 814
22 2,05 743
23 2,06 831
24 1,81 791
25 1,95 791
26 2,07 796
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lpodomxeHue mabnuuye: B.1

No

CKopocTb, M/MUH

Temnepatypa, °C

57 2,03 791
28 2,10 688
29 2,00 802
30 2,09 856
31 1,87 727
32 2,02 807
33 2,13 780
34 2,14 843
35 1,96 808
36 2,08 797
37 1,95 780
38 2,29 824
39 2,02 788
40 2,03 814
41 2,38 834
42 2,11 814
43 2,03 815
44 1,90 813
45 2,15 812
46 2,14 777
47 1,82 766
48 2,03 796
49 1,07 810
50 1,99 777
51 2,18 796
52 2,07 738
53 1,97 785
54 1,91 762
55 1,96 790
56 2,08 759
57 2,08 809
58 1,91 878
59 1,96 808
60 1,87 827
61 2,05 793
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lMpodomxeHue mabnuys! B.1

Ne CkopocTb, M/MUH Temnepartypa, °C
62 1,93 788
63 1,95 789
64 2,10 808
65 2,09 828
66 2,06 777
67 2,07 841
68 2,14 812
69 1,85 794
70 1,89 821
7 1,99 801
72 2,09 765
73 1,97 795
74 2,01 796
75 2,04 804
76 1,97 814
77 2,09 780
78 1,96 766
79 2,04 826
80 1,96 795
81 1,90 799
82 1,97 805
83 1,87 825
84 2,08 798
85 2,14 840
86 1,88 765
87 1,89 716
88 1,98 755
89 1,97 799
90 1,90 787
91 2,07 803
92 2,01 750
93 2,03 818
94 1,98 788
95 2,08 822
96 2,07 823
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OkoryaHue mabnuusi B.1

No

CKopocTb, M/MUH

Temnepatypa, °C

97 1,99 798
98 1,98 846
99 2,13 829
100 1,97 754
101 1,93 823
102 2,07 747
103 2,03 788
104 2,03 823
105 2,06 784
106 2,03 874
107 1,73 728
108 1,92 792
109 2,08 810
110 1,98 819
111 2,02 757
112 2,04 778
113 2,11 814
114 2,02 796
115 2,02 834
116 1,80 807
117 197 747
118 2,08 782
119 1,97 825
120 2,04 817
121 2,20 796
122 1,95 713
123 1,89 791
124 2,00 784
125 1,96 754

Tabnwuuya B.2 — KoppenaunoHHas maTpuua

XapakrepucTtuka

CKopocTb, M/MWH

Temneparypa, °C

CkopocTb

1

Temnepartypa

0,188
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B.3 Bblbop napameTpoB KOHTponbHoM KapTel MEWMA

CylecTBytoT ABe xapaktepuctuku d = 2. CpegHas AnvHa cepun Npy onpefeneHun ctabunbHOro CocToAHUS npo-
uecca pasHa 200. KoHtponeHasa kapta MEWMA BribpaHa B kadecTBe npouepypel atana |l ana obHapyxeHus Hebonb-
woro casura npouecca. Ckonb3awmn napametp MEWMA ) 1 BepxHsas koHTponeHas rpaHuua MEWMA h gomkHbl BbiTe
onpeferneHbl C NOMOLLLI0 ModenvpoBaHus [7]. OgHako 3Tv napameTpbl MOryT BbITh NOMYyYeHb! C MOMOLLBK NPOrPaMMHOrO
obecneyeHnsi HENOCPEACTBEHHO Ha NPaKTUKE.

B.4 KoHTponbHasa kapta MEWMA

KoHnTponeHasa kapta MEWMA, nonyyenHasa ¢ nomowbto Minitab, nokasana Ha pucyHkax B.1—B.3 ¢ pasnuyHbiMn
%071 0,1 0o 0,3 1 COOTBETCTBYHOLLEN BEPXHEN KOHTPONBLHOM rpaHuueli h. CpaBHeHWe pe3ynsTaTtoB Ha pucyHkax B.1—B.3
nokaseiaeT, 4To npu A = 0,3 Touka 41 (10,21) Haxogutca 3a npepenamu Uy = 10,08, 4TO ABNAETCA CUrHaNOM O HecTa-
GUNBHOM COCTOSIHUK Mpouecca. AHanua nokasarn, YTo CKOPOCTb SABMSETCA KMHYeBbiM (DakTOPOM, BbI3bIBAOLWM BbIXOS,
npouecca 13 cTabunsHoro B Touke 41.

y2 1
9_
Ug, = 8,634
8_
,
? |
AT | |
:\ R
s.‘h‘
I I I | I I I | I I I
1 13 25 37 49 61 73 85 97 109 121

j — Tekylui Homep noarpynnsi; Y 2 — keagpat pacctosHua MEWMA oT cpeaHero B cTabunsHOM COCTOSHMM

PucyHok B.1 — KoHTponeHas kapta MEWMA ons ckopocty v Temnepatypel npu & = 0,1
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Lo UgL =965

d
!
\

\ ,
W

T T T T
1 13 25 37 49 61 73 85 97 109 121 j

j — Tekywuin Homep nogrpynnel; Y 2 — keagpar paccrosaHus MEWMA ot cpeaHero B cTabunbHOM COCTOAHMM

PucyHok B.2 — KonTponeHas kapta MEWMA ons ckopoctu U Temnepatypbl npu A = 0,2

10—

2 4
y Ug, = 10,08
v

el i Bl

T
1 13 25 37 49 61 73 85 97 109 121 J

J — Tekyliuin Homep nogrpynnel; Y 2 — keagpar paccrosHus MEWMA oT cpeaHero B cTabunsHOM COCTOSHMM

PucyHok B.3 — KoHTponbHas kapta MEWMA ans ckopoctu U Temnepatypbl npu i = 0,3
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MpunoxeHune C
(cnpaBo4Hoe)

OueHkapu X

C.1 Ouenkapu X (n>1)

Ha npakTuke 06bl4HO HEOOXOAMMO OLEHUTL p M £ Ha OCHOBE aHanuaa npeaeapuTenbHbIX nogrpynn obbema n, oto-
OpaHHbIX B YCNOBUSAX, KOr4a npegnonaraeTcs, YTo NpoUecc Haxoauncs B cTabunbHOM COCTOSAHUMKW. B gaHHOM NpUNoXeHUn
Xjjie— k-e HabrogeHve B j-i noAarpynne no i-i xapaktepuctuke, k=1,2, ..., n;j=1,2, .m;i=1,2, ...d.

MpennonoXum, YTo UMEETCH M Takux MOArPYnn, CPedHUe W OUCTNEePCUM BbIMUCNAKT cregyrlwmm obpasom ans
KaXkgoW noarpynnbi:

O e

1 n
Sij =_1§( ijk U) el

KoBapuauns mexagy a-v 1 b-in xapakTepucTukamMmu B j-iA NOArpynne UMeeT B1A:

1 5 o =
Saty =7 X% )Xok =Xy} @ . R
k=1
f.f S? ns, abj 3aTtem ycpeaoHAwT No BCEM m noagrpynnam U onpenenarT:
=\
X = 2.5 (C4)
j=1
2 1%
57 =Ezs§, (C.5)
=
1 m
Sap=—D_ Sy @ % . (C.6)

x i} ABNAETCH /-M 3MEMEHTOM BekTopa BbIGOPOYHbIX cpeaHuX X, a BbiGOpoYHas AMUCNepCUOHHO-KOBapUaLMOHHas
matpuua 8 npeacraenget coboi matpuuy dxd, cchopMUPOBaHHYIO CriegyoLwmnmM o6pasom:

_2 — g

S{ S22 v Sy

_ 52 - &
5= 2 S| (C.7)

52

S4

BeKTop BbIGOPOYHOTO cpeaHero X 1 BbIGOpOYHas AUCNEepCUOHHO-KOBapUaLoHHas MaTtpuua S npy n > 1 aenaiTca
HECMELLEHHbIMI OLEHKaMM p 1 X, Korda NpoLecc HaxoguTcs B CTabunbHOM COCTOSHUN.

C.2 OueHkapu X (n=1)

Mpeononoxum, UMeeTca cryvyanHasa BelOOpKa U3 MHOrOMEPHOIO HOPMarnbHOro pacnpegeneHus:

Xy, Xy, o X,

rae j-i Bektop HabnwaeHus X; COAepX1T d nepemeHHbIX X jr Xopp s X Torga BekTop BIBOPOYHOIO CcpeaHero MMeeT
BMA:
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i—lix (C.8)
m £ ’

a BblbopoyHas aucnepcuoHHO-KoBapuauuoHHasa matpuua [8] umeet Bua:
1 & ]
$=2m) Z‘:(xf”_xf)(xfﬂ_xj) : o
J'_

To ecTb BLIGOPOYHYHK OMCNEPCUIO Ha MMAaBHOW AMaroHany MaTpuubl S 1 BbIGOPOYHbLIE KOBApUALIMKW BbIYMCIIAKT Cre-
AyroLym obpasom:

R V) (€.10)
2Am-1) 5
1 m-1
Ty o) 2_1: (xﬁ,j+1 —xaj)(bu —xbj), a#b. (C.11)
j_

BekTop BeIGOpo4HOro cpeaHero X 1 BbIBopoYHas AMCnepCcMoHHO-KOBapuaLmMoHHas matpuua S npu n = 1 aensawTca
HeCMeLLEHHBLIMKU OLEHKaMW p U X, Koraa nNpoLecc HaxoauTes B cTabunbHOM COCTOSIHUMN.
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MpunoxeHue OA
(cnpaBo4Hoe)

CBEAEHHH O COOTBETCTBEWW CCbLINOYHbIX MeXOAYHapPpOoAHbIX CTaHOAPTOB
HauyuWoHanbHbIM CTaHOapTamMm

Tabnuya OA.1

Obo3sHavyeHne CCbINOYHOro CreneHsb O6o3HavyeHVe ¥ HaUMeHOBaHWE COOTBETCTBYIOLLEro
MEXAyHapoaHoro cTaHgapTa COOTBETCTBUSA HauWoHanbLHOro cTaHgapTa
ISO 3534-2 IDT FOCT P UCO 3534-2—2019 «CTtatuctudeckme metoasl. Croeapsb U

ycroeHble 0603HaveHMs. YacTtb 2. MNpuknagHasa ctaTucTUka»

OTBETCTBUA CTaHOapTa:

MpumevaHune — B HacTodAWwen Tabnmue UCnonb3oBaHo cnefyulee ycnoeHoe 0b6o3HavyeHUe CTEeNeHn co-

- IDT — waeHTWYHEBIN CTaHaapT.
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