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Mpeancnoeue

1 MOOATOTOBIEH 3akpbITeiM akUMOHEPHLIM 00LLecTBOM «Hay4yHo-MccnenoBaTenbCKUA LLEHTP KOHTPO-
N U OMarHocTuku TexHudeckmux cuctem» (BAO «HWL KO») Ha ocHoBe coBCTBEHHOro neperofa Ha PYCCKUM
A3bIK aHIMOSA3bIYHOW BEPCUMM CTaHAapTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHW4YeckMmM KOMUTETOM Mo cTaHaapTtusaumm TK 125 «[puMeHeHue cTaTUCTUYEeCKUX
MeToa0B»

3 YTBEPXIEH VI BBEMEH B JEWCTBWE MMpukaszom denepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynnpoBaHnio U metTponorumn ot 27 ceHtabpa 2023 r. Ne 965-ct

4 HacTtoAwmiA cTaHgapT MaeHTU4eH MexgyHapogHomy ctaHgapTty MCO 7870-4:2021 «KoHTponbHble
kapTel. YacTtb 4. KapTbl kyMmynaTueHeix cymm» (ISO 7870-4:2021 «Control charts — Part 4: Cumulative sum
charts», IDT).

MexaoyHapoaHeli cTaHgapTt paspabortaH TexHudeckum komuteTom TK 69 MexayHapooHoW opraHusa-
uum no ctaHgaptusauun (MCO).

HavmeHoBaHWe HacTosWero cTaHgapTa MU3MeHEHO OTHOCUTENIbHO HaMMEHOBaHUA YKa3aHHOTo MexXay-
HapOLHOTO cTaHgapTa 4nsa npuesedeHus B cooteeTcTBue ¢ FOCT P 1.5—2012 (nyHKT 3.5).

Mpy NpUMEHEHMM HACTOSILLEro CTaHOapTa PEKOMEHAYETCA UCMOMNb30BaTk BMECTO CChINMOYHbLIX MEeXOy-
HapoAHbIX CTAHOAPTOB COOTBETCTBYHOLME UM HALMOHANbHLIE CTAHAAPTLI, CBEAEHUS O KOTOPLIX NPpUBEAEHK! B
OononHUTENLHOM npunoxeHun A

5 BBAMEH MOCT P UCO 7870-4—2013

MNpasuna npumeHeHUss Hacmosaweao cmaHdapma ycmaHosneHbl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmu3sayuu e Pocculickol ®edepayuu». VMHgopmayus ob us3-
MeHeHUSX K HacmosuwieMy cmaHd0apmy nybriukyemcs e exez00HOM (10 COCMOSHUK Ha 1 AHeaps meKyueao
e2o0a) uHghopMayuoOHHOM yKazamerne «HayuoHanbHble cmaHdapmebi», a oguyuanbHbil MeKcm usMeHeHuUl
U MONPasoKk — 8 eXeMeCcsyHOM UHGOPMaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
nepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmayouwiee ygedomneHue bydem
onybnukogaHo 8 6ruxaliweM 6blNycKe eXeMeCsYHo20 UHGOoPMayUuOHHo20 ykaszamens «HayuoHanbHbie
cmaHOapmbi». Coomsemcemaeyioujas UHGopmayus, yeedoMIeHUe U MeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHOU cucmeme obueao nofib3o8aHus — Ha oguluansHoM calime @edepanbHo20 azeHmemea no
MeXHUYECKOMY peayiupogaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© IS0, 2021
© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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rOCT P NCO 7870-4—2023

BeegeHue

B HacToflem cTaHOapTe pacCMOTPeEH YHUBEepPCanbHbINM U NONe3HbId, HO OYeHb NMPOCTON U OOCTATOYHO
MOLLHbBIA rpacpuYecknii MeTod MHTepNpeTaunn OaHHbIX, PacnonoXeHHbIX B NODOIA ycTaHOBNEHHOW nocneno-
BaTeNbHOCTU. 3TW AaHHbIE MOTYT OTPaXaTb 00O Me IKOHOMMYECKWE NOKa3aTenm, Takne Kak Npubbinb, nagepx-
KW, AAHHblE BLIMOMHEHWS KOHKPETHON TEXHOMOrMYeCcKon onepaunun, napaMeTpbl npouecca u XxapakTepucTUKN
npoaykumun. [JaHHble MOryT NMpeacTaensTb cobOW NMocrnefoBaTeNbHbIe, KONMMYECTBEHHbLIE AaHHble, U3Mepsie-
Mble B COOTBETCTBUM C HENPEPLIBHOW LWIKanon (Hanpumep, 24, 60, 31, 21, 18, 97...), HeKONUYeCTBEHHLIE OaH-
Hble BUOA «Oa»/«HET», «XOPOLLO»/«MMOX0», «YCnex»/«0TKa3» UnuM cTaTUCTUKY (Hanpumep cpefHee, pasmax,
KONMUYEeCTBO CODLITUR).

MeTon Ha3biBalOT METOAOM KYMYMNATUBHbBIX cyMM unn « CUSUM-MeTogomM». 3T0 BeI3BAHO TEM, HTO Me-
TOL NpeaycMaTpuBaeT BblHYUTaHUE U3 NOMyYeHHbIX aHHbIX 3a[aHHOro 3Ha4YeHUs1, HanpumMep, LIeneBoro, npes-
NMOYTUTENBHOIO UMK OMOPHOIO 3HAYEHWS, U UX CYMMUPOBAHWE C HaKoMneHweM. [pauK TakMx CyMM Ha3bIiBaKT
CUSUM-kaptoi. Takol npocToin apudMeTUUIECcKUi npoLiecc obecneymBaeT XOpoLUY BU3yanbHYH UHTeprnpe-
TauuK OaHHbIX.

CUSUM-meTog Mcnonb3yiT UIPOKX B ronbd BO BCEM Mupe, Npubaensisi 4 npu BbIAMPLILIE W BbIYUTAS
2 NpW NPoOUrpbILLE K CBOEMY CHETY WM Hakannueasa nonyyeHHole bannbl. 310 — CUSUM-meTon B SelcTBUM.
OpHako MeToq elle HeqoCTaTOYHO M3BEeCTeH W, cneaoBaTenbHO, HeJoCTaTOYHO LWKMPOKO NpUMeHseTcs B Bu1a-
Hece, NPOMbILLIEHHOCTM, TOProBMe M rocy4apCcTBeHHOoM cny>kbe. Bo3aMoxHO, 3T0 CBA3aHo ¢ TeM, 4To B CUSUM-
MeTo4ax, Kak NnpaBuno, UCNoMb30BaHbl CTATUCTMYECKWE TEPMUHLI, @ He TepMUHLI pabodero npouecca.

HacTosilumin ctaHgapTt HanpaeneH Ha obecnevyeHne LMPOKOro NpUMeHeHnsa atoro Metoaa. MNpeumyuie-
CTBO JaHHOro Metofa nepej LMPOKO M3BecTHbIMU KapTamu Lyxapta coctout B ToM, uto CUSUM-meTon
nozsonseT obHapyK1Tb M3MeHeHWsa NpMbnuanTensHo B Tpu pasa bbicTpee, Yem kapThl LyxapTta. Kpome Toro,
Kak 1 B ronbde, Korga Lenbs N3MeHsieTcs B MpoLecce Urpbl (Ha KOHKpeTHo nyHke), rpadgpuk CUSUM ocTtaetcs
HEM3MEHHbIM B OTNMYMe OT cTaHgapTHOW kapTel LWyxapTa, rge KOHTponbHble MMHUKU TpebykT MOCTOAHHOM
KOPPEKTUPOBKN.

CUSUM-kapTbl MOryT BbITb MCMONb30BaHbI Kak gononHeHune kK kaptam Lyxapta n EWMA-kapTam (kap-
TaMm 3KCMOHEHLUManbHO B3BELIEHHOro ckomnb3swero cpeaHero). Kaxgas Touka Ha kapte EWMA Bknwouaet
nHpopmMauumio 060 Bcex npeablgylmx Nogrpynnax unvm HabnogeHusx, npyM aToMm Beca npegblaylwmx Habnio-
AeHuia ybbiBaloT no akcnoHeHTe. AHanormyHo CUSUM-kapte, EWMA-kapTa moxeT ObiTb YCOBEPLLEHCTBO-
BaHa W cTaTb Oonee 4YyBCTBMTENbHOW ANS 0DHapYXeHWs M3MeHeHW npolecca. JTOT BOMPOC pacCMOTPEH B
MCO 7870-6.

v
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roCT P UCO 7870-4—2023

HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

CraTucTUYECKUE METOObI
KOHTPOINbHbIE KAPTbI
Yactb 4
KapTbl KYMYNATUBHBIX CYMM

Statistical methods. Control charts. Part 4. Cumulative sum charts

Oarta BeegeHna — 2024—03—01

1 O6bnacTb NnpUMeHeHUs

B HacTosiLleM cTaHaapTe yCTaHOBMNEHbl CTATUCTUYECKWE NPOoLEeaypbl onpefeneHns KYMynaTUBHON CyM-
Mbl (CUSUM) ons koHTponsi npolecca W kadecTea NpoAyKUWU € UCNONb30BAHMEM KOMMYECTBEHHbLIX U anb-
TepHATUBHLIX AaHHLIX. B HacTosleM cTaHdapTe ycTaHoBMNeHbl 0bLue MeTofbl NPUHATUS PeLUeHUA, UCNOob-
aylole KymynaTtueHyo cymmy (CUSUM) aAna MOHUTOpUHrA, KOHTPONS, YNpaBMneHus U PeTpoCrneKTUBHOIo
aHanuaa.

2 HopMaTuBHbIe CChINKK

B HacTosiLeM cTaHOapTe UCNOMNb30BaHbl HOPMATUBHbIE CChINKM Ha criefytolue cTanaapTel [Ansa gatu-
POBaHHbLIX CTAHAAPTOB MPUMEHSIIOT TOMbKO YKa3aHHOe W3[aHWe CCbINMOYHOro CTaHaapTa, Ans HeJaTUpoBaH-
HbIX — nocnegHee n3gaHue (BkNK4Yasa Bce U3MEHeHUs)]:

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in
probability (Ctatnctuka. CrnoBapb W ycnoBHble 0603HaqdeHusa. HYacte 1. OBwue cTaTMcTUYecKmue TepPMUHbI 1
TEPMWHbI, UCNOMNb3yEMbIE B TEOPUU BEPOATHOCTEN)

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics (Ctatuctuka. Cnoeapb 1
ycrnioBHble 0603HauveHus. YacTs 2. MNpuknagHas ctatnucTuka)

3 TepmuHbI, onpegeneHns, 0603HaYeHUA U COKpaLLeHUs

B HacTosilwem ctaHgapTe npMMeHeHbl TepMuHbl no WCO 3534-1, WCO 3534-2, a Tawke cnegytowme
TEPMUHbLI C COOTBETCTBYHOLLUMU onpefeneHnsamu.

NCO n M3K BegyT TepMuHonornyeckue 6asbl JaHHbIX 4Ns UCNONb30BaHUs B obrnacTu cTaHAapTu3aLmm
no criefyKLWmMm agpecam:

- nnatcopmMa oHnanH-npocmotpa MCO: goctynHa no agpecy http://www.iso.org/obp;

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

3.1 TepMUHbI U onpegeneHns

3.1.1 ueneBoe 3Ha4yeHue T (target value T): 3HavyeHWe, OT KOTOPOFrO JOMKHO OblTb OGHaPYKEHO OTKIO-
HeHWe cpefdHero ypoBHS npoLecca.

MpumeyvaHune 1— lpu ncnonbzosaHnu CUSUM-kapTbl OTKIIOHEHMS OT LIeNeBOro 3Ha4eHus CKnagblBatoT.

MpumedyaHue 2 — lNpu ncnonb3oBaHuK V-macku LeneBoe 3Ha4eHWe 4YacTo ABMAETCH ONOPHBIM 3HAYEHWEM
UM HOMUHAanNbHBIM 3HadeHneM. Heo6xogumo nogvepkHyThb, YTO LENEBOE 3HavYeHWe He 0BA3aTENbHO ABMAETCH CaMbIM
*enaTenbHbIM UMK NPeanoyYTUTENBHBIM 3Ha4eHneM. 3To NUwb yaobHoe sHavyeHwe ana paspabotkm CUSUM-kapThl.

MapaHune ochbuumnansHoe
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rOCT P NCO 7870-4—2023

3.1.2 penpe3eHTaTMBHOE 3Ha4YeHUe HecTabunbHocTu (representative out of control value): B CUSUM-
Tabnuuax 3HavyeHne, onpegensiiollee YyBCTBMTENbHOCTL NpoLeaypbl.

MpumevaHne — BepxHee 3HayeHWe HecTabUNbLHOCTKU paBHO (T + fo,) NPWM MOHWTOPUHIE CMELLEHNS BBEPX.
HwkHee 3HadeHve HecTabunsHocTu pasHo (T — fo,) NPWM MOHUTOPUHIE CMELLEHNS BHUS.

3.1.3 onopHbI caBur F, f (reference shift F, f): B CUSUM-Tabnuuax pa3HOCTb LeNneBOoro 3HaYeHus
(3.1.1) u penpe3eHTAaTUBHOIO 3Ha4YeHUA HecTabunebHocTu (3.1.2).

MpumeyvyaHne — Heobxogumo pasnu4atk 3Ha4eHWe f, OTHOCALLEeCH K CTaHOapTU30BaHHOMY OMOPHOMY COBU-
ry, v 3HaueHue F, oTHocAweecs kK HabmoAaeMoMmy ONopHOMY caBury; F = fo. ITO UrpaeT peLlatoLLyio ponb Npw NocTpoe-
Hun CUSUM-kapTel B TabnnyHon dopme.

3.1.4 wHTepBan peweHun H, h (decision interval H, h): B CUSUM-Tabnuuax coBoKynHas cymma oT-
KMOHEHWA OT pernpe3eHTaTUBHOIO 3HAYeHUs HecTabunbHocTH (3.1.2), NPUBOLALLAS K NOABNEHUD CUrHANA.

[MpumevyaHne — Heobxogumo pasnuyaTe 3Ha4eHwe h, OTHOCsLWeeCs K CTaHAApTU30BaHHOMY MHTepBany pe-
LUEHWIA, 1 3HaYeHWe H, oTHocALLeecs K HabnogaemMomy uHTepsany pelieHuia; H = hog,.

3.1.5 cpegHaa onuHa cepum; ARL (average run length; ARL): CpegHee konuyecTBoO BbIBOpPOK, OTO-
BpaHHbIX 00 TOYKK NOSIBNEHUS cUrHana.

MpumevaHune — CpeaHtoo anvHy cepumn (ARL), kKak npaBuno, CBA3bLIBAOT C ONpeaeneHHbIM YPOBHEM MnpoLlecca.
Mpu atom ARL 03Ha4aeT CpeaHion An1HY Cepyi NpoLecca Ha LieNeBoM YPOBHE, T. €. C HyfeBbIM CABMIOM.

3.2 CokpalweHus

B HacTofilem cTaHOapTe UCNOoNb30BaHbl CriegyLlMe CoKpaLleHus:
ARL — cpepgHaa anuHa cepun;

CS1 — CUSUM-cxema c bonbLioin ARL npu Hyneeom caBure;

CS2 — CUSUM-cxema ¢ meHblielr ARL npu Hyneesom caBure;

FIR — BbicTpas HayanbHas peakuus;

LCL — HWXHASA KOHTPOMNbHAaA rpaHuLa;

RL — onwuHa cepuu;

SPC — cTtatucTudeckoe ynpasneHue npoLeccom;

UCL — BepxHsAs KOHTPOMNbHasA rpaHuua.

3.3 Obo3Ha4yeHUA

B HacToswem CTaHfapTe ucnonb3oBaHbl crnegywuine o0603HaveHus:;

a — KoathpuymeHT macwrtaba;

C — 3Ha4yeHue KyMyNATUBHON CYyMMbl;

Cy — k03hPUUMEHT AN onpefeneHns OLLEHKW CTAaHOaPTHOMO OTKIMOHEHUS B Npedenax noarpynnel;
3 — W3MEeHeHWue, KOTopoe AOMKHO BbITh 0BHAPYKEHO;

A — CTaHOAapTU30BaHHOE KOMUYECTBO M3MEHEHMWIA, KOTOPbIe O0MKHbI ObITh 0BHAPYXEeHbI;

d — Befyllee paccTOsHUE;

dy — KO3h(UUMEHT Ans onpefeneHns OLeHKWU CTaHOapTHOMO OTKIOHEHWSA B Npeaenax noarpynnbl;
F — HabnwgaeMblii ONOPHLIA COBWT;

f — CTaHOAapTU30BaHHbLIN ONOPHBLINA COBUT;

K — OMOpPHOEe 3Ha4YeHue, paBHoOe CyMMe LieneBoro 3HadeHus T u Habnwgaemoro onopHoro caeura F;
H — Habnwaaembli UHTEpBan pelleHuit;

h — CTaH4apTM30BaHHbIA MHTEPBAn PeLleHnit;

ARLg — cpegHsAa LnvHa cepun Npu casure 9;

ARL, — cpeaHssa AnvHa cepun Npyu HyneBoM CABWre;

n — obbem noarpynnbl;

m — KOMWYEeCTBO NOArpynn B paMkKax NepBUYHOIO UCCrNeaoBaHus;
P — BEPOATHOCTL «ycrnexar;

R — cpegHWiA pasMax noarpynmnbi;
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o — cTaHfapTHOe OTKMNOHEeHUWE npouecca;
oo — cTaHgapTHOE OTKIOHeHWe B Npeaenax Nnoarpynnbl;

Go  — OLEHKa CTaHAapTHOrO OTKIOHEHUS B Mpegenax nogrpynmsl;

o — cTaHgapTHas owmnbKa;

s — BbIGOPOYHOE CTaHOapTHOE OTKMOHEHWe B Npeaenax noarpynnbi;
s — cpefdHee apudMeTUYecKoe CTaHAapTHLIX OTKMOHEeHWIH noarpynmn;

— CTaHAapTHasa ownbka cpegHero no m nogrpynnam;
uenesoe 3Ha4eHne;

S
|

— WCTWHHaA TOYKa M3MEHEHWHA]

— OLEHKa TOYKM U3MEHEHNS;
pesynsTat HabnoaeHWi;
— BbIOopoYHOe cpeaHee (Mogrpynnel);

x| >x 4>
|

X — CpegHee apMd)METM‘-IeCKOE BbI60pO'-IHbIX cpeoHnX nogrpynr.

4 OcHoBHble pyHkunn CUSUM-kapThbl

KymynatueHaa cymma npegctaenseT coboil cyMMy OTKNOHEHWIn 0T HEKOTOPOro YCTAaHOBMNEHHOro onop-
Horo aHaveHust. CpegHee nNbOIA rpynnbl NocneaoBaTensHbIX 3HAaYeHMA MOXKeT BbITh NPeLCcTaBneHo BU3yanb-
HO C MOMOLLLIO Yrna HaknoHa rpacuka gavHbix. OcHoBHble ocobeHHocTv CUSUM-kapThl crniegytolime.

a) CUSUM-kapTa 4yBCcTBMTENbHA K OBHApPYXEHWUI0 N3MEHEHWIA CPEeaHEero.

b) TtoBble n3MeHeHWs cpefHero 1 cTeneHb 3TUX U3MEeHEeHU Ha KapTe BU3yanbHO NPOsIBMAKTCA B BUAE
M3MEHEHWs yrna HaknoHa rpaduka gaHHbIX:

1) ropusoHTanbHbIA rpauk yKaselBaeT Ha COOTBETCTBUE CpedHEero npouecca LeneBomy UM OnopHOMY
3HAYEHUIO;

2) HaknoH rpacdnka BHU3 yKa3bIBAET Ha TO, YTO CpefHee Mpouecca MeHbLUe OMOPHOro MW LeneBoro
3HaveHus (4em Bonblie yron HaknoHa, Tem Bonblue pasnuuus);

3) HaknoH rpadmka faHHbIX BBEPX yKasblBaeT Ha TO, 4TO cpedHee npouecca Oorblie ONOPHOro Mmm
LileneBoro 3HaveHus (Mem GonbLUe yron HaknoHa, Tem Donblue pasnuyus).

c) CUSUM-kapTa moxeT ObiTb MCNOMb30BaHa PETPOCNEKTUBHO A8 MCCrneaoBaTenbCckMx Lenen 1 npo-
rHO3UPOBaHWS COCTOAHKS Npouecca B bnuxanwem Byaylem.

B cootBeTcTBMM ¢ nepeumncneHnem b) CUSUM-kapTa MoXeT yKasaTb TOUKM NPOoM30oLIeLnX N3MeHEHWIA.
970 TOYKM M3MeHeHus rpagueHtTa CUSUM-rpacuka. CUSUM-kapTa obrnagaet orpoMHbIM NPEnMyLLECTBOM
Ans ynpaeneHusa npoueccamu. OHa no3sonseT 6bICTPO M TOYHO ONpeaenvTb MOMEHT NOABMNEHUSA U3MEHEHWUIA
npouecca, korga HeobxoauMbl KOPPEKTUMPYLoLWNE JEUCTBUS.

MonesHasa dyHkumMa CUSUM-kapTel COCTOUT B TOM, YTO OHa MOXeT ObiTb 0bpaboTaHa 6e3 rpadmyeckoro
n3oBpaxeHus, T. €. B TAbnuuHoi hopme. ITO 0YeHb NMOMe3Ho NpU KOHTPONe npolecca, Korga KonMyecTeo na-
pamMeTpoB NpoLecca W XxapakTepUCTUK NPoayKUUM BenuKo. [JaHHble 0 COCTOSIHUM npouecca MoryT 6biTb nony-
YeHbl aBTOMaTUYECKM M 3arpy)eHbl B COOTBETCTBYIOLLEE NporpamMmHoe obecrnedeHve Ons aBToMaTU4ecKoro
CUSUM-aHanuza. MeHexxep npouecca MoxeT BeiTe NpeaynpexaeH 06 M3aMeHeHNsX no MHOTUM XapakTepu-
CTMKaM OOHOBpeMeHHo. Mpumep MeToda NpuBeneH B NPUNoXeHun A,

5 OcHoBHbIe 3Tanbl noctpoeHna CUSUM-kapTel. Mpacdhuyeckoe npeacraeneHue

Mpw noctpoeru CUSUM-kapTbl 45151 OTAEMNbHBIX 3Ha4YeHWIA He0BX04MMO BbINOMHUTL CreayoLme AeRCTBUS.

OT1an 1. BeibupaloT onopHoe, Lienesoe, KOHTPONLHOE UMW NpeanoyYTeHHoe 3HadeHne. CpeaHee apud-
MEeTUYECKOEe NMocneaHux pesynsratoB 0bbIMHO 0BecnevyrnBaeT KapTe XOpOoLUYH AUCKPUMUHALWIO.

OT1an 2. 3aHocaT B Tabnuuy pe3ynsTaThl B 3HAYMMOW NOCNefoBaTENbLHOCTY (HAanpyMMep, XpoHornornye-
CKOI). BblYMTaKOT ONOPHOE 3HaYEHWE U3 KaXXOoro pesynsraTta.

Otan 3. MNocrnegoBaTernbHO CYMMMUPYIOT 3Ha4YeHUs, Nosly4eHHble Ha aTane 2. NocnegosaTtenbHble CyMMb
uzobpaxawT Ha CUSUM-kapTe.

OT1an 4. [Ina pazymHoR oUCKpUMKWHALKMK, 6e3 U3NULIHEN YyBCTBUTENBHOCTI, PEKOMEHOYETCA:

a) BbiDpaTh yAOOHbIN MHTEPBaN MeX4y TOYKaMy Ha ropu3oHTalIbHOM OCK 1 BeIOpaTh MHTEpBan Ha Bep-
TUKanbLHOW ocy, pasHelit 26 (Mnu 20, And CUSUM-kapTel cpeaHero), OKpyrnas B COOTBETCTBUM C NpaBunamu;
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b) ecnv HeobxogMmMo oGHApPYXWTL U3BECTHOE M3MeHeHWe, Hanpumep &, BbibpaTh BepTUKanbHLIA Mac-
wTtab Tak, YTobbl OTHOLEHWE eAUHWLBI MacluTaba Nno BepTUKanbHOM OCK K eduMHUUe MacwTaba no ropusoH-
TanbHOW OCW COCTABNAMNO OT & A0 28 C OKPYINEHUEM B COOTBETCTBUW C NpaBunamMu.

MpumeyvyaHue — Boibop macwTaba oveHb BaeH, Tak Kak HeygayHbld MaclTab MoxeT co3faTe owubovHoe
BrevaTreHne o coctosHuM npouecca. MacwTab, BeibpaHHbIM B COOTBETCTBUM C NepevMcneHMamMu a) U b), nokasbiBaet
060CHOBaHHBIE M3MEHEHMS U HE SIBNSIETCA HU CMULLKOM YyBCTBUTENBHBIM, HA CIIULIKOM WHEPTHLIM.

6 NMpumep CUSUM-rpachuka. HanpsixxeHue Ha aBuraTtene

6.1 NMpouecc

MonyyeH Habop u3 40 3HA4YeHWA KOHTPONMPYEMOW XapakTepWMCTMKM B XPOHOMOIMMYecKoi nocregosa-
TenbHOCTU. KOHTpPONUPYEMOW XapakTepPUCTUKON SABMSAETCH HaNpshKeHWe Ha SMNeKTPOLABUraTensax MOLLHOCTLH
He Bonee o4HON NOWAaAUHON CUMbl HA paHHEW cTaguu Npou3BoacTea. 3aMmepeHus BbIMOMHEHbI B HEMPEpPLIB-
HoM MaclTabe Ha aABMraTensx B NocnefoBaTeNsHOCTU UX U3rOTOBMNEHWS. Peaynsrarhl namepennii!):

9,16, 11,12,16,7,13,12,13,11,12,8,8, 11, 14,8,6, 14, 4,13, 3,9, 7, 14, 2,6, 4, 12, 8, 8, 12, 6, 14,
13,12, 14, 13, 10, 13, 13.

OnopHoe unu Luenesoe 3HadeHne HanpshkeHua coctaenaet 10 B.

6.2 MpocTon rpacdmk pesynLTaToB

,D,J'IFI Ny4wero nOHMMaHUA OCHOBHbBIX CBOWCTB npouecca ¢ NOMOLbK CTAHAAPTHOIO Noaxoaa Heobxogu-
MO rpadmyeckn NnpegcTaBuTb 3TW 3HAYEHWS B eCTECTBEHHOM Nopsake (CM. PUCYHOK 1 a).

Ha rpaduke 3ameTHO oﬁmee YMeHbLUeHWne cpefHero B cpefiHen 4yacTu oT fonee BLICOKOTO Ha4YansHoOro
YPOBHA C TAKUMU Xe 3Ha4eHUAMK B KOHLLe. PldcyHOK 1 a) HE NO3BONAET HeTKO YNOBWUTEL TeEHOEHUWNN M3MEHEHWA
KOHTDOJ’IVIDYEMOFI XapakTepucTuk BCnencrtene BbLICOKOW M3MEHUYMBOCTU OAHHbIX.
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c) CUSUM-kapta

X — Homep asuratens; Y1 — HanpsbkeHue; Y2 — KyMynsaTuBHas cymma

PucyHok 1 — lMpumep. HanpspkeHue Ha anekTpogsurarene

6.3 CTaHAapTHaH KOHTpPOIIbHanA KapTta MHOUBUAYyanbHbIX 3Ha4YeHun

3areM cocTaBnsAwT CTaHAAPTHY KOHTPOMbHYIO KapTy MHAUBUAYAIbHBIX 3HAYeHUA (CM. pucyHok 1 b).

PucyHok 1 b) He gobaensieT acHocTu. OH gaxKe BBOAMT B 3abnyxageHue. CTaHOapTHbIN KPUTEPUIA CTa-
TUCTMYECKOrO yNpaBfieHUsa NpoLeccoM Ans NpoBepKX cTabubHOCTHM 1 YNpaBAseMOoCcTH Npouecca BKYaeT
TONbKO «OTCYTCTBME TOYEK BhilLie BEPXHEN KOHTPonbHOW rpaHuubl (UCL) unn Huke HUXHEeNn KOHTPONbHOW rpa-
Huubl (LCL)». B paccmatpvBaemoM NpuMepe BCe TOYKWM Haxo4ATcA B Npefenax atux rpaduy. CneposaTtens-
HO, MOXHO cAenaTh BbiBOA, YTO AaHHbIN npolecc aBnseTcs cTabunbHbIM, BOKPYT ero cpegHero ypoeHs 10 B,
KOTOPbIN ABMAETCA LefeBbiM 3Ha4eHneM. JanbHenwwin cTaHgapTHBIA aHanws nokasan Obl, 4TO HeCMOTpPS Ha
cTabunbHOCTb, NPOLIECC HE YOOBMNETBOPSET YCTAHOBINEHHbIM TpeboaHuam. OgHako cam no cebe aHanus He
JaeT 06bACHEeHUA NPUMYWH HECOOTBETCTBUA TpeboBaHMAM.

MpuymHa HecnocobHOCTU CTAHAAPTHOW KOHTPOMBHOW KapThl UHAWBUAYaNbHbLIX 3HAa4YEHWI BbISBNATE MpH-
UYMHbLI U3MEHUYMBOCTU MPOLIECcca, COCTOMT B TOM, YTO KOHTPOINbHLIE FPaHWLbl OCHOBaHbLI Ha (haKTUYEeCKOM CO-
CTOSIHWW NPOLIECCa, a He Ha yCTaHOBMeHHbIX TpeboBaHusax. CnegoBaTenbHO, eCcnv NPOLECCy NPUCYLLa BbiCOKas
M3MEHYUBOCTb, KOHTPOMbHbIE FPaHULbl ABMAIOTCH AOCTAaTOYHO WMPOKUMK. Heobxogum MeTosd, KOTOpbIA nydlle
BLISBMSAET TEHOEHLIMM U3MEHEHMIA NpoLiecca 1 NO3BONAET ONpefennTb U YOAanuTh X OCHOBHLIE MPUYMHbI.

n puMmedaHune — Wcnonb3oBaHuMe OONONHUTENBHO KOHTPOMNBHbLIX KapT CKOMb3ALWLEro paiMaxa Nno3BonAeT uc-
cnegoeartb gpyrue I'IpD6J'IEIVIbi M3MEHYMBOCTK Npouecca.

GostExpert.ru
https://GostExpert.ru/gost/gost-7870-4-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67528
https://gostexpert.ru/gost/gost-7870-4-2023?utm_source=pdf&utm_medium=67528&utm_term=page

rOCT P NCO 7870-4—2023

6.4 MocTtpoeHne CUSUM-kapThl

MocTtpoeHne CUSUM-kapTbl HOMBUAOYAMbHbIX 3HAYEHWUA, Kak B paccMaTpUBaeMoM NpUMepe, OCHOBaHO
Ha BbIMOMHEHUW 3TanoB, yCTAHOBMNEHHbLIX B pasaene 5.

3Tan 1. BelbupatoT uenesoe 3HadeHne T. B npumepe NpeanoYTUTENbLHOE UMK ONMOPHOE 3HaYeHUE PaBHO
10 B.

3Tan 2. 3aHocAT B Tabnuuy pesynstatbl U3MEepeHUi HanpsXKeHWs B NocrnegoBaTensHOCTU M3TOTOBIEHNS
HanpoTuB HoMepa aeuratens B Tabnuvue 1 (ctonbubl 2 u 6). BeiunTatoT 3HadeHre 10 (onopHoe 3HayYeHue) n3a
KaXKooro pesynsrata uamepeHui (cM. Tabnuuy 1, ctonbusl 3 n 7).

Otan 3. lNocnegoBaTenbHO CYMMUPYIOT 3HaveHust Tabnuubl 1 (ctonbubl 3 U 7) U CyMMY yKasbiBaKT B
ctonbuax 4 n 8. MaobpaxatoT B BUAE rpacomKka gaHHble cToNouoB 4 U 8 B COOTBETCTBMM C HOMEPOM ABWUraTens
[(cM. pucyHOK 1 c)], yumTbiBas pekoMeHdauuMM OTHOCHTeNbHO MacwTaba Ha aTanax 4 u 5 pasgena 5.

Tabnuua 1— TabnuyHoe npegcTaBneHue BoldMcneHuin ang noctpoeHna CUSUM-kapTel Ha ocHOBe nocrnegoBaTenb-
HOCTW M3MEepPEHWIA HanpsKeHns

Homep HanpskeHwne, HanpsixeHune CUSUM- Homep HanpsokeHwne, HanpsikeHune CUSUM-
apuratens B MuHyc 10, B KapTa nsuratens B MuHyc 10, B KapTta
(1) (2) (3) (4) (5) (6) (7 (8)
1 9 =1 -1 21 3 -7 +11
2 16 +6 %5 22 9 -1 +10
3 11 +1 +6 23 T -3 *7
4 12 +2 +8 24 14 +4 +11
5 16 +6 +14 25 2 -8 +3
6 7 -3 +11 26 6 —4 -1
7 13 +3 +14 27 4 -6 —7
8 12 +2 +16 28 12 +2 -5
9 13 +3 +19 29 8 -2 -7
10 11 +1 +20 30 8 -2 -9
11 12 +2 22 31 12 +2 —7
12 8 -2 +20 32 6 —4 -1
13 8 -2 +18 33 14 +4 —7
14 1 +1 +19 34 13 +3 -4
15 14 +4 +23 35 12 +2 -2
16 8 -2 +21 36 14 +4 +2
1z 6 —4 +17 37 13 +3 +5
18 14 +4 +21 38 10 0 +5
19 4 -6 +15 39 13 +3 +8
20 13 +3 +18 40 13 +3 +11

7 MpuHUMNBI NPUHATUA pelleHun Ha ocHoBe CUSUM-kapThl

7.1 MNpaBuna NPUHATUA PELUEHUA

MpaBuna NpMHATUS PeLleHnin Heobxoanmel ona uHTepnpeTaumm CUSUM-kapTel. Ecnv npasuna npuHa-
TWS peLleHnin ycTaHOBNEHb! B 3aBUCHMMOCTM OT CBOWCTB npouecca, To Ha ocHoBe CUSUM-kapTbl MoryT ObiTh
npeanpuHaTbl HeobxoguMele gencTemsA. ODbIYHO 3TK LENCTBMA BKNHOYALOT:

a) ons ynpasneHus nNpoLeccoM: KOPPEKTUPOBKY YCIOBUIA (PyHKLUNMOHUPOBAHWS NPOoLecea;

b) ans ynyyweHnuns: nccnefoBaHne NepBONPUYNH M3MEHYMBOCTU;

C) ONsi MPOTHO3MPOBaHMA: aHanM3 U, Npyv HeobxoouMOCTH, KOPPEKTUPOBKa MOAENW MPOrHo3MpoBaHUs
MKW ee NapameTpoB.
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7.2 OCHOBbI MPUHATUA pPeLleHnin

Heobxoanmo ycTaHOBUTE OCHOBHbBIE KPUTEPWWN MPUHATUSA PELLUEHWA B COOTBETCTBUW C MPUHATLIMIW NPeL-
NONOXEHUAMM.

Ona obecneyeHns 3pdPeKTUBHbBIX OCHOB ODHapy»XeHWsi curHana ob M3MeHeHWW COCTOSIHMA npolecca,
HeobxoQnmo ycTaHOBMEHME KOMWYECTBEHHbIX NMapaMeTpoB «lWyMa» B cucteme. YTo npegcrasnseTr cobon
WYM W CUrHarm, onpegenser NpUHSATas cTpaterns KOHTPOSs, KoTopasi ycTaHaBNMBaeT Heobxogumoe Konuye-
cTBO HabrnogeHwi, YacTtoTy HabnwgeHnn n cnocob coctaBneHus BoiBopku nnu nogrpynnsl. CnegyeTt y4nThl-
BaTb, YTO MokasaTenb, UCNOoMNb3yeMblid AN KONMYECTBEHHON OLEHKN M3MEHYMBOCTM NpoLecca, Kak npaesuno,
BMUSAET Ha peaynbrarT.

CoBCTBEHHYI M3MEHYMBOCTE, KaK MpaBuiio, M3MepPAoT NOCPEACTBOM OAHOM M3 CregytoWnx CTaTUCTUK.

a) CtaHpapTHOe OTKNoHeHue: ecnu Ana noctpoeHns CUSUM-kapTel Mcnonb3oBaHbl OTAeNbHbIE Ha-
GnogeHns.

OTaenbHble HabMwAeHUs ANA BbIYUCNEHWSA CTAHAAPTHOrO OTKMNOHEHWsI npouecca obbiMHO oTbuparT u3
0OHOPOOHOro CerMeHTa aaHHbIX. 3To TpeboBaHWe SIBNSAETCs 4OCTATOYHO XECTKUM. MI3mMeHuYnBoCTb Bonblue cob-
CTBEHHOW M3MEH4YMBOCTW NPOUEcca paccMaTpyBaloT Kak pe3ynsTaT AeUCTBUA crneyunanbHbliX NPUYKH, YTO YKa3bl-
BaeT Ha COBMWI CPeAHero cepy faHHbIX N uaMeHeHne cobCTBEHHOM M3MEHYMBOCTH MW Ha TO U ApYroe BMecTe.

b) CtaHgapTHas owwmbka: ecnu HekoTopas hyHKUMA NoArpynnbl HA0MOAeHWI, Takas Kak cpegHee, Me-
dwaHa unu pasmax nossonset noctpoute CUSUM-kapTy.

[MoHATMEe noarpynnel OCHOBAHO HA TOM, YTO M3MEHYMBOCTL B Npenenax noarpynnsl ABNAETCA pe3ynbra-
TOM BO3ZencTBUA 0BLMX, a Mexay nogrpynnaMm — cneuuanbHbix npudmH. OcHoBHoW pornbio CUSUM-kapThbl
ABNAETCS BbiABMNeHMe 06X U 0cobbix NpUYNH n3meH4nBocTM. CrnefoBaTenbHO, NpaBWrbHbIA BoiIBOp nog-
rpynnel MMeeT OrPOMHOE 3HadYeHve. Hanpumep, cocTaBneHve nNogrpynnel Nnytem otbopa veTbipex nocnegdo-
BaTenbHO U3rOTOBMEHHLIX eAUHWUL, NPOAYKLIMM MPOU3BOACTBEHHOrO Npouecca Kaxbld Yac, B NPOTUBOMNOMNOX-
HOCTb OTOOPY OOHOW eauHWLLI MPOAYKUMM Yepes3 Kaxdble YeTBepTb Yaca, MOXeT AaTb COBEPLUEHHO pasHkle
oueHkn nameHunsoctn. CtaHgapTHaa owubka B NepBoOM criydae MeHblue, 4em Bo BTopoM. OgHa CUSUM-
KapTa xapaktepusyeT M3MEeHYMBOCTb NocrnefoBaTenbHbIX egUHKUL NpoayKUuWKW, a apyras — M3MEHYMBOCTb Ye-
pe3 15 MuHyT. BoiGop COOTBETCTBYHOLLEro NoKa3aTens U3MeH4YNMBOCTH 3aBUCUT OT TOrO, O KaKOW U3MEHYUBOCTH
OOIMKHA CUrHannM3MpoBaTh KapTa.

OpHako TpeboBaHue Hanuuua cTabunbHOCTWM Mpouecca B TeYeHWe nepuopa, AoCTaTovHoro Ans ycTa-
HOBMEHWS KONUYECTBEHHbIX NoKaszaTenen U3MeHYMBOCTH, TaKMX KaK cTaHOapTHOEe OTKIIOHEHWE UNKY cTaHgapT-
Has owunbKka, ABNAETCA CMULLKOM XEeCTKUM Ans HeKoTopbix obnacTten npumeHeHna CUSUM-meTona.

Hanpumep, HabniogeHusa HenpepbIBHOMO NPOLIEecca MOryT NOKa3aTh He3Ha4YMTemNbHbIe OTKIOHEHUA CPef-
Hero ypoBHSA. TpebyeTcs, YToBbl MMEHHO NO 3TUM OTKIMOHEHWSIM BbINK MPUHATHI PELUEHUA O CUCTEMATUYECKON
MY NOCTOSAHHOW M3MeH4YuBoCTKU. Hanpumep:

a) NpoW3BOACTBEHHLIM MPOLIECCOM YNPaBMsAeT TepMOoCTaT UMW Apyroe YyCTPOWCTBO aBTOMaTW4eCcKoro
ynpaeneHus;

b) kauecTBO MCXOOHOIO ChIpbsi MOXET NOABEPraTbCa HE3HAYUTENbHBIM U3MEHEHWAM, HE HapyLlas ycTa-
HOBMEHHbIX TpeboBaHNi;

C) NpY MOHWUTOPMWHIE peakuun naymeHTa Ha fie4eHne MoryT ObiTb BbISIBNIEHbI HE3HAYUTEINbHbIE N3MEHE-
HUs oBMeHa BelLecTB, CBA3aHHbIE C NULLen, npebbiBaHMeM B BonbHULE UMW OOMALLUHMMK JenaMu U T. 4., HO
no BCEM MOCMNeACTBUAM NeYyeHUs OOIMKHO ObiTe NPUHATO pelleHre 06 0BLLEer M3MEHUYMBOCTH.

C Opyroi cTopoHbI, BbIDOpKA MOXKET BKMOYaTb NPOAYKUUIO UMK HABMOOEHWS M3 HECKOMBbKUX MCTOYHUKOB
(apMuHUCTpaTUBHbLIX obnacTten, 3aBoA0B, MallMH M ONepaTopoB). Takke MOXET MPUCYTCTBOBaTb CIMLLKOM
fonblas nokanbHas U3MEHYMBOCTb, YTO HE MO3BONUT NPUHATL afeKBaTHble PeLleHUsa 0 cMeLleHun obuero
cpeaHero. [MoaTomMy gaHHbIe, NONMyYeHHbIE M3 HECKONMbKUX UCTOYHUKOB, criefyeT obpabaTbiBaTb OCTOPOXKHO,
MOCKOMNLKY BCe 0COBEHHOCTU OTAEMbHBLIX MCTOYHUKOB AaHHBLIX MOTryT BbITh NponylweHsl. Kpome Toro, nameH-
UMBOCTb MEXAY UCTOMHUKAMUW AaHHbIX MOXET OblTb 3aMacKMpoBaHa U3MEHEHUAMU, MPOUCXOAALLMMA BO BCE
cUCTEMe BO BPEMEHM.

OpHum 13 BaxHbIx npegnonoxeHnin B8 CUSUM-npouenype ABAAeTCA TO, YTO CTaH4ApPTHOE OTKIOHEHWE
npolecca ¢ npegnonaraeTcs NOCTosAHHbIM. [ToaTomy, npexae Yem npumersats CUSUM-npoueaypy, npouecc
JOMKeH BbIThb UCCNefoBaH Ha HanW4Yne CTaTMCTUHECKOW yNpaBnsaeMoCcTu (C NOMOLbI0 R-KapThbl, S-kapTbl UK
KapThbl CKOMb3ALLMX pa3MaxoB), a 3aTeM oNpeaensoT OLEHKY G.

MoxeT Takke NposiBUTLCA NOCneaoBaTensHas Koppensaumusa Mexay HabniaeHnamu, korga ogHo Habmo-
JeHWe oKa3blBaeT BNMAHWE Ha cnefdyolee. NpumepoM oTpuLaTensHOW NocneoBaTensHOM KOppenayum aB-
NAKTCA NOcrneaoBaTerbHblie 3Ha4YeHMUs MacChl UCMONb30BAHHOMO ChiMy4ero Matepuana, korga HUBENUpPYHoTCs
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oWMBKM npegbigyulero n nocregyruiero nccnegoBaHum. ,ﬂperM npuMepoM ABNAETCA CUTyauna, Korga npe-
BbllLUEHWE 3aKa3a B OQHOM MecAle KOMMeHCUupyeT HEeOOCTaTOuYHbIA 3aKas B cnegywuiemMm Mecaule. MosiBneHue
MOMNOXUTENBLHON KOoppensaunMn BO3MOXHO B HEKOTOPbIX MPOU3BOACTBEHHbLIX NMpouecCaX, Korga odHa napTtua
MaTepunana 4YaCTu4HO CMellnBaeTCH C npe,u,bl,qyu.l,eﬁ n nocne,qyrou.lelﬁ napTuamMm.

7.3 Pe3ynbTaTUBHOCTL NpaBun MPUHATUA peLUueHus

7.3.1 OCHOBHbIEe NOHATUA

oeanbHoe BLINOMHEHME MpaBuna NPUHATUSA pelleHUss COCTOUT B TOM, 4ToObl peanbHble U3MEeHEeHUs
He MeHee YeM Ha 3aJaHHyK BernuuuHy Obinu obHapyKeHbl, a npouecc Be3 Takmx M3MeHeHWA Mor paboTtaTb
HeonpeaeneHHo fonro 6e3 NoXHbIX curHanos. B oencTBUTENBHOCTM 3TO HEeAOCTUKUMO. MNpPoCTbiM 1 YA0BHBIM
nokasartenem pesynbLTaTMBHOCTM NpaBuna NPUHATUS peLLueHnid SBnsieTca cpeaHnas anuHa cepun (ARL).

ARL npegctaenset coboil MmatemMatuyeckoe oXxugaHue konvyectea Bblbopok, HeobxogMMoro Ana npu-
HATWA PeLleHUs O HanMYuM U3MEeHEHUNA.

Ecnu peanbHble M3ME@HEHWs1 OTCYTCTBYHOT, aeansHoe 3HadyeHne ARL paBHo BeckoHeqHoCTH. [pakTude-
CKasl LUenb B TAKOW CUTyaLMK COCTOMT B TOM, 4ToObI caenate ARL 6onbumnm. HaobopoT, npu Hanu4mm peans-
HOro U3MeHeHusa ngeansHoe 3HadeHne ARL paBHo 1, korga nameHeHune obHapy:KeHo Npu oTbope criegyoLlei
BblbopkU. Bribop ARL — komnpomuce mexay atumm Ayms TpeboBaHuamu. MNpunHatne owmnboyHoro peleHus
OeNACTBOBaTb, KOr4a NpoLecc He M3MEeHMWIICH, MPUBOAMT K «CBEpX-ynpaBieHno» 1 elle bonblieMy yBenude-
HWKO M3MeHYMBOCTU. MpPUHATME COOTBETCTBYHLUMX Mep, KOrga npouecc mameHwusncs, cnocobcteyet obecne-
JYeHuno ctabunbHOCTKM npouecca. B oelcTBUTENLHOCTU 3TO TOXE YBEMWYMBAET M3MEHYMBOCTh Mpolecca u
NPUBOAWT K YBENUYEHUIO CTOMMOCTW NMPOWU3BOACTRA.

3HaveHne ARL Tarke nogBepKeHO M3MeHYMBOCTH. MIHOTOa NOXHbIA CUrHanm MoXeT DbiTb NOMyYeH nocne
BonbLUOW cepur AaHHbIX UM M3MeHeHWe 0DHapy»eHO o4YeHb ObICTPO. B HeKoTOpbIX cryYasax HeyaaqHbli OT-
Bop BLIOOPOK MOXKET Bbi3BaTb NOABNEHWE NOXHbIX CMIHANoB WNK Tak 3aMackKMpoBaTh peanbHOe U3MEHEHME,
4YTO OHO He MpUBEaET K NOSABNEHW0 curHana. Bpemsa oT BpemeHn dakTuyecky MameH4meocTb ARL Heobxo-
aumo uccnegoeate. OgHako, B Uenom, ARL paccmaTpuBaloT Kak pasyMHbIN NokasaTenb pesynsTaTUBHOCTH
npaeuna NpUHATUA pelleHnid. BoiBodbl NpuBedeHsl B Tabnuue 2.

Tatnuua 2— CocTosaHKaA npouecca 1 3HavyeHns ARL

WcTHHOE cocTosiHME npouecca Tpebyembii CUSUM MpoeansHoe aHa4veHue ARL
YpoBeHb npouecca paBeH LeneBoMy 3Ha- | 3HaveHne ARL poctatoyHo Benuko (mano BeckoHeuyHOCTb
YEHWK MK BNKM30K K HeMy NOXHBIX CUrHANoB)

CyLLeCTBEHHOE OTKITOHEHUE YPOBHSA Npo- | 3HadeHne ARL mano (6bicTpoe obHapyxeHue 1
uecca oT LeneBoro 3Ha4yeHns V3MEHEHWIA)

7.3.2 NMpumep BbIuKMcneHna ARL

MonsaTne ARL He onpeneneHo no oTHoweHuio kK CUSUM. Hanpumep, cTaHaapTHaa KOHTpPONbHAasA KapTa
LWyxapTa yctaHaBNMBaeT KOHTPOSbHbIE rPaHuLbl HA YPOBHE £3-X CTaHOaPTHbIX OTKNOHEHWIA OT LeHTpanbHon
NUHKK. M3BecTHO, YTo npubnuautensHo 0,135 % HabnogeHnin B cpeaHem nonagaeT BHE KaXKaon M3 rpaHuL,
ecnu cpegHee npoLuecca HaxoguTCA Ha LieHTpanbHOW NMUMHUKA MW Ha UeneBoM 3HadeHuu. Ha ocHoBe 3Toro
MOKHO rnerko nogcumtats ARL: 1/0,00135 = 741. dpyrumMy cnoBaMu, B CpeQHEM, Bbille BEPXHEN KOHTPOIBHON
rpaHuubl nonagaeT ogHo u3 741 HabnwgeHus.

CnepogatenbHo, Ans NpakTUHecknx Lenen Heobxogmmo paspaboTaTb cUCTEMY KOHTpOns, obecnevvea-
oLyt Bbicokoe 3HaveHue ARL, korga ypoBeHb npouecca coBnagaeT C LeneBbiM 3Ha4eHneM.

Ecnun 3agaHbl gBe rpaHnUbl M cpeaHee npouecca CoBnagaeT ¢ ueneBbiM 3HadeHnem, ARL genaT Ha aea,
T. . oH paBeH 1/(0,00135 + 0,00135) = 370.

Ecnwn cpegHee npouecca CMeLWEeHO Ha CTaHOapTHOE OTKNOHEHWE K BepXHEeW KOHTPOMbHOW rpaHuue, To B
cpegHem 2,28 % HabnogeHWn HaxoouTCs Bhbille BEPXHEN KOHTpONbHOW rpaHuusl. Toraa ARL no oTHOWEHUO K
UCL paBHo 1/0,0228 = 44 ona 310 0AHOCTOPOHHEN rpaHulbl. JpyriMu crioBamu, B cpefHeM notpebyeTtcsa npu-
BbnnanTtensHo 44 nHTepeana HabnwgeHWA, YTobbl BEISIBUTL COBUM CPeOHEero Ha O4HO CTaHOapTHOE OTKITOHEHMe.

Mpw HanuumMu OBYX rpaHuy npegnonaratoT, YyTo Huke LCL HaxoguTtes Tonkko 0,0032 % HabnwogeHun,
NOCKOMNbKY 3Ha4YeHWe, paBHoe cpefHeMy npouecca MUHYC YeTbipe CTaHAapTHLIX OTKMOHEeHWA, HaxoauTes Oo-
ctatoyHo ganeko ot LCL. Tak kak 1/(0,000032 + 0,0228) cywiecTBeHHO He BnvseT Ha 3HadyeHue ARL, Bbi-
yncneHHoe ONS eWHCTBEHHOW KOHTPOINLHOW rpaHuMubl U COBUra cpefHero npouecca Ha OQHO cTaHgapTHoe
OTKIoHeHune, ARL B cnydae OBYX KOHTPOMbHLIX rpaHul NpubnusnTensHO Takoe ke, kak W B criydae O4HOM
KOHTPOINBHOW rpaHunUbl, a UMEeHHOo, 44.
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BoiBoabi:

- ecrnu cpefHee npouecca paBHO LeneBoMy 3Ha4YeHU, TO B criydae ABYX KOHTPOIbHbLIX rpaHuL 3Hadve-
Hue ARL paBHo nornoeuHe ARL ons oQHOW KOHTPOMbHOW rpaHuLbl;

- NpW cABUre CpefHero BBEPX B Criydae OBYX KOHTPONbHbIX rpaHuy 3HadeHne ARL pasHo ARL anga ogHon
KOHTPONLHOW rpaHuLbI.

Ha npakTvke 4acTo NpUMEeHSAT AONONHUTENBHO Npeaynpexgatlne rpaH1Lbl Bblle W HUXEe cpeaHero
npouecca, KOTopble 3alulLatT oT CrnuwKkom BbicTporo obHapyXeHUsl caBura cpegHero npolecca, 3a cHeT
YBEMMYEHUsA KOMMYecTBa MNOXHbIX CUMIHANOB, KOrga cpedHee npouecca paBHO LerneBoMy 3HadeHuto. Kapta
LyxapTa o4yeHb NpUBRNeKaTensHa 1 NonNynsipHa U3-3a ee NpocToThl U 3hEKTUBHOCTM OBHapYKeHUA OTAENb-
HbIX cneuManbHbIX NPUYKUH, Bbi3biBaOLWMX BonbluMe COBUMA CPEdHEro npouecca.

OpHako 0bLen3BecTHO, YTO KOHTpOnbHaA kapTa LyxapTa gaet mano curHanoe npu HeGonbLUMX cOoBK-
rax cpegHero, Aa)Ke ecriv OHM coxpaHsilTcs. ITO ykasblBaeT Ha Apyron metoa 6onee GoicTporo obHapyx eHus
cOBwWra cpegHero npu BbiCOKMX 3HadeHnsax ARL, Korga cpegHee npouecca HaxogMTcAa psgoM C LeneBbiM 3Ha-
yeHuem. [insa sToro xopowo noaxoaut CUSUM-meTon.

8 Tunbl peweHnin no CUSUM-kapTe

8.1 V-macka

MocTpoeHue rpadmka CyMMbl OTKITOHEHWI OT LeneBoro aHadeHusa T 1 npumeHeHue V-macku npegcras-
naet coboi oguH U3 cnocotos nocTpoeHms CUSUM-KapThl.

8.1.1 KoHdwmrypauua v pasmepsbl

V-macka nokasaHa Ha pucyHke 2. Bepwura O pacnonoxeHa Ha paccTosiHumn d 0T NocnegHero 3Ha4yeHms
KYMYMATUBHON CYMMbI, KOTOpOE pacnonoXeHo B Todke A. 3atem nornHy V-macky yctaHaenusarT nubo nytem
3afjaHun pacctoanua H (Hanpumep, H = 56,) A0 paspelaniwux NrHUA, TMbo nyTeM 3agaHus yrna Mexny
rOPM30HTaNbHOM NMUHWEN N BEPXHER NMUHUER.

A — nocnegHee 3Ha4YeHWe KyMYNATUBHOW CyMMbl; H — UHTepBan pelleHwii; d — paccTosHUE OT BEPLUMHbLI A0 NOCMeAHero 3HaveHus
KyMYynsaTUBHOW cyMMbl; O — BepLuuHa V-macku

PucyHok 2 — ®opma 1 napameTpbl V-mMacku

8.1.2 MpumeHeHue V-macku

[na vcnonb3oBaHUs Macku Ha INWHWKA, pacrnonoXeHHOW ropuM3oHTansHo Ha CUSUM-kapTe, ykasblBaloT
TO4KY A (CcM. pyucyHoK 2). B cuTyaunn npogomkaloLerocs ynpaeneHns npoLueccoM aTo camas nocnegHas To4ka.

Ecnn CUSUM-rpatmk HaxoguTca BHYTPU paspeLlarllnx NUHUA Macku (MNn KX NpoaneHus), To cylle-
CTBEHHbIA COABWUI B CPeAHEeM Ha aToM rpaduke He BbisiBrieH. B aTom cniydyae npouecc HaxoguTcsa B COCTOAHUM
CTaTUCTUYECKON YyNpaBnsieMOCTU OTHOCUTENLHO LieneBoro 3HadeHnsa. Ecnu rpaduk nameHenns CUSUM Bbi-
XOOWUT 3a paspeluatoLle NUHUK MackK, 3TO YKa3biBaeT Ha CYLLeCTBEHHOE OTKIIOHEHWE OT LieMNeBoro 3HadeHus.
B aTtom cny4ae npouecc aABnsieTcs HeynpaBngeMbIM.
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Ha pucyHke 3 nokazaHbl CUSUM-rpaduvkn npouecca B COCTOSHMU CTaTUCTUYECKOW ynpaBnsieMoCcTH,
KOra CyllecTBEHHbIE OTKIIOHEHUA OT LENeBoro 3Ha4YeHWsi He BbISABIMEHbI, W ABYX HeCcTabunbHbIX NPOLIECCOoB,
KOrda MMENTCS CYLUEeCTBEHHble YBENWYEHUE U YMEHbLUeHUEe 3HAYeHWU KOHTPOMUPYEMOMW XapaKTEepUCTUKU.
Bo Bcex cnyyasix Ha pucyHke 3 MUCMOMbL30BaHO CTaHAApTHoe OTKMNoHeHwe, paBHoe 0,2. Lleneroe 3HaveHue,
ucnons3yemoe npu noctpoeHum CUSUM-kapThl, paBHO LeneBoMy CpeiHEMY MpoLecca.

TekyLLyto cuTyauumio onpegensTt HanoxeHwem V-mackn Ha CUSUM-kapTy no Mepe HakomnmeHns AaHHbIX.

Y1

3

TTENA

B

-

T
-3 e
012 3 4567 8 91M11121314151617181920 X

a) OTcyTCTBUE CYLLECTBEHHBLIX U3MEHEHWIA CPedHero NpoLecca No OTHOLWEHMID K LENEBOMY 3HAYEHUIO

v2 |

3

N

0123 4667 8 %91M1121314151617181820 X

b) CyLLI,eCTBE!HHOG YMeHbLUeHWe cpegHero npouecca no OTHOWEHUK K LieneBomMy 3Ha4eHUHo
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c) CywecTBeHHOE YBENUYEHNe CPEOHEro NpoLecca rno OTHOLLEHUIO K LieNeBoMy 3Ha4eHuio

X — Homep HabnwaeHus; Y1 — kymynatueHas cymma 1; Y2 — kymynaTueHas cymma 2; Y3 — kymynatuBHas cymma 3
PHC.‘.yHOK 3— anMephl ucnons3oeaHus V-macku ans OﬁHapy)KEHHFI CyLeCTBEHHOIo M3MeHeHWA CpegHero npouecca

XOTa pUCyHOK 3 a) nokasbiBaeT, 4TO cpefHee mnpoLecca MeHblle LeneBoro 3HavyeHus, V-mMacka euwe
He perucTpupyet aTo U3MEHEHWe KaK CyLLleCTBEHHOE OTKITOHEHUe.

Mo pucyHky 3 b) BUAHO, YTO CcpefdHee npoLecca 3Ha4yuMTeNbHO MeHbLUe LieneBoro 3Ha4yeHus. B 1o Bpems
KaK CyLLleCcTBEHHOE OTKIIOHEeHUe He 0bHapyXeHo 0 AecAToro HabnogeHus!, C BU3yanbHOW TOYKU 3pEHUA CPpes-
Hee Npouecca UMeeT TEHOBHLUMIO CHUXEHUS ¢ nepBoro Habnwoagexus. OTmedyas HaknoH NUHUK HabnooeHui,
MOKHO OrnpefenuTb OLeHKy hakTMYeckoro cpegHero npouecca. 1o obecneunBaeT BO3MOXKHOCTL Heobxoau-
MOW KOPPEKTUPOBKK A8 BO3BpaLLEeHUs Npouecca K ero UerneBoMy 3Ha4deHno M OUWarHoCTUKy onpefeneHns B
TouYke HabnogeHust 1 NpUYKH, BbI3BaBLUKMX CTOMKOE CHUMXEeHWe YPOBHS npoLuecca.

W3 pucyHka 3 c) BUOHO, 4TO CpefHee npolecca 3HavyvMTenbHo Donblle LeneBoro 3HadeHms. 3To OTKIO-
HEHWE HEe 3aperucTpupoBaHO KaK CyLEeCTBEHHOE OTKIMOHeHue cpefHero Ao Habnwgenus 14. MoxHo 3ame-
TUThb, YTO YPOBEHL Npouecca Obin HKE LIeneBoro 3HavyeHus Ao HabnogeHus 6, Ho 3Toro BbiNo HegoCTaTOMHO
AN MoABNEHWs curHana o HectabunbHOCTWM npouecca. 3ateM B Todke HabrniogeHus 6 ypoBeHb npouecca
M3MEHWNCS Ha Doree BLICOKWMIA MO OTHOLUEHWIO K LieneBoMy 3HaveHuto. MamepeHnne HaknoHa CUSUM-nvHun
00 1 nocrne HabniogeHusa 6 No3BonNsAeT KOPPEKTUPOBAaTb MPOLIECC W BbISIBUTbL MPUYMHBI UBMEHEHWIA NMpoLecca.

[MpK HANMYMK TONLKO BEPXHEWN UIMK TOMBKO HUXHEW rpaHuy JoNYyCTUMbIX 3HAYEHWI MPUMEHSOT OHOCTO-
POHHWIA KOHTPOMb. B aToM cnyyae moxeT BbiTh Mcnonk3oBaHa nonymacka. [1pu KOHTpone caBura BBeEpPX/BHU3
Heobxoguma nulib COOTBETCTBYHOLAA NonoBuMHa macku. OgHako Bce e npegnoyvTMTenbHO MCMonb30BaTh
MackKy LUenukom Ansa nonyyeHusa Gonbliero konudecrtsa nHdopmauuu. Bce coBury B Apyrom HanpasneHWn
MOTYT BbITb MPOMTHOPWMPOBAaHHDI.

8.1.3 CpegHAA ANUHa cepumn

CeoictBa cpegHen anuHbl cepun (ARL) ans V-macku, NnpegcTtaBneHHON Ha pucyHke 4, NpUMBEAEHbI B
Tabnuue 3 B eQUHMLAX, KPaTHbIX CTaHOAPTHOMY OTKMOHEHWIKO WMW CTaHOAPTHOW OLWKMBKe KOHTpONMpyemomn
xapaktepuctukn. 3HadeHre ARL npueegerbl ana CUSUM-kapTel v kapT WyxapTa ¢ gBymsa npaBunaMmu npu-
HATWUA peLueHnii.

[NMpaBuna NpUHATUSA pPeLLUeHWiA:

- NpaBuNo 1: ecnun ToYKa OKa3blBaeTCH 3a rpaHnuuamMm +3 cTaH4apTHbIX OTKIOHEHWUS OT LEHTPanbHOW nu-
HUKW, @ UMEHHO 3a rpaHuLaMn 4eNCTBUS UK KOHTPOSIBHBIMUW rpaHMuamMu, NPUMHUMAaKOT pelleHne o Hanu4mm oT-
KNOHEHWA cpedHero npolecca OT UeneBoro 3Ha4yeHua — 310 oblee npegynpexaawllee npasuno LLyxapra;

- NpaBuno 2: ecnu nocnegoBaTenbHble TOYKW OKa3blBAKTCA 3a rpaHvuamy 2 cTaHOapTHbIX OTKNOHe-
HWS1 KOHTPONMPYEMOW NEPEMEHHON OT LLeHTPanbHOW NMUHUK, @ UMEHHO 3a rpaHuL.amMu npegynpexaeHust, npu-
HAMalOT peleHne 06 OTKNOHEHWW CpegHero npouecca — 3To O4eHb MPOCTOE MPAaBUIIo, KOTOPOe yhyylliaeT
pes3ynbTaTMBHOCTb OOHapyeHnA Npn HebONbLWNX CABUMax.
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MpumevyaHmne 1— lpegnonaraercs, YTo KOHTPONUpYyeMas nepemMmeHHas NogYMHAETCH HopManbHOMY pacrpe-
AENEHWNIO CO CTaHAAPTHBIM OTKIOHEHWEM G.

MpumevaHue 2 — [Ona craHpaaptHon CUSUM-kapTel BeiCOTa UHTEpBana pelleHuid h pasHa 4,77, a yrnoeou
KoadbpuuneHT paspeluatolwer nuHuy f paseH 0,5. Kapta LUyxapTta oTHocuTea Tonbko kK npasuny 1. Kapty LyxapTta c
npasunoM 2 ana AByxX cepuii NpUMeHsoT B koMBuHauun npaeun 1 1 2. [ina nocnenHei komMbrHauuK 3aHadeHus 2 (npea-
ynpexagexve) n 3 (aenctene) yeenvumeaiot B 1,03 pasa ana goctwkeHus 3HadeHnsa 370,4.
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X — caeur (B eAuHMUAx, KpaTHbIX cTaHAapTHoMy oTknoHeHwo); Y — ARL ans obHapyxeHus casura cpegHero npouecca; A — CUSUM
(cnnowHas nuHus); B — kapTta Wyxapra (nyHkTupHas nuHus); C — kapTa lWyxapTta ¢ npaeunom 2 ans Asyx cepui (LWUTPUXNYHKTUPHARA NUHKA)

PucyHok 4 — CpegHsa AnvHa cepun Ang obHapyXeHWs caBura cpegHero npouecca oT LeneBoro 3HaveHus ans
CUSUM-kapThbl 1 cTaHOapTHBIX KOHTPOMEBHbIX KapT LWyxapTa

Tabnuua 3 — CpegHas gnvHa cepun AnA obHapyXeHus caBura cpegHero npouecca OT LeneBoro 3HayeHws Ans
CUSUM-kaptbl (f= 0,5, h = 4,77) v AByx BUOOB CTAaHOAPTHLIX KOHTPONbHbIX KapT LWyxapTa

Cnosur cpegHero npouecca Cpeanss Anvra cepui
" G onmmano) s | enpanmenes s s
0,0 370,4 370,4 3704
0,2 163,6 308,4 2927
04 54,5 200,1 1721
0,6 246 119,7 94,3
0,8 14,4 71,6 30,7
1,0 9,9 43,9 30,7
1,2 7.5 27,8 18,9
1,4 6,1 18,2 12,2
1,6 5,1 12,4 8,3
1,8 4.4 8,7 6,0
2,0 3,9 6,3 4,5
2,2 3.5 4,7 3.5
2,4 3.1 3,6 28
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Cpasur cpegHero npouecca Cpeass Anuxa cepun
iy |
2,6 2,9 29 2.4
2.8 27 2.4 2,0
3,0 25 20 1.8

3HaueHune ARL aBnaeTca MHOUMKATOPOM pe3ynsTaTMBHOCTHM METOoAa MPUHATUSA PELLEHWNA:

- yem bonblie 3HaveHue ARL ons LleneBoro 3HaueHusi, TEM HUXe BEPOATHOCTb MOXHbBIX CUTHAMORB;

- yem MeHblwe ARL npu BbiiBNeHWM OTKIIOHEHUSA CPedHero OT ero LeneBoro 3HadeHusi, Tem BbicTpee
obHapy1BalTCa M3MEHEeHKs npoLecca.

B cooTteeTcTBUM C pucyHKOM 4 1 Tabnuuen 3 MOXHO cOoenaTtb Cnefyrline BobiBoObI:

a) [ina cosuros cpepHero npouecca meHee 26, ARL CUSUM-kapTel meHblue, Yem ARL niobeix apyrvix kapt
¢ Hanmbonee ObICTPOI peakLumnein Ha caBWr npolecca. 370 ocobeHHo NpoaBnseTcs B obnactu ot O,Zce oo 1,606.

b) [ins casuros cpeaHero npouecca 6onee 20, kapta LyxapTta ¢ npasunamu NpuHATUA pelleHni bbi-
CTpee pearvpyet Ha casur npouecca, 4em CUSUM-kapTa. [ina casura cpeaHero npouecca bonee 2,66, kapta
LyxapTa BbicTpee pearnpyeT Ha casur npouecca, 4em CUSUM-kaprTa.

8.1.4 O6wme kommeHTapum K ARL

Bo-nepBbix, pasmepbl V-mackv pazpaboTaHbl Ansi 0OHapyeHusl COBUroB npouecca B obnacTtu He Bonee
opHou ctaHpapTHon ownbku (16, ). MNpu KOHTpONe ApyrMx CABUIOB UCMOML3YHOT Apyrve 3Havexns h u f. Bo-
BTOPbLIX, Ha ycTon4dnBocTb ARL BnuseT Gonblioe Konu4ecTBo akTopoB. K HUM OTHocATcA dopma npegno-
naraeMon MOLEenu W3MeHYUBOCTU, 3HAUYEHNE G, U HE3ABUCUMOCTb HabMAaeMbIX XapakTePUCTUK. 3HAYEHNS
ARL, npveeneHHble B Tabnuue 3 1 Ha pUcyHKe 4, OCHOBaHbl Ha TPeX NPeanonoXeHUsX:

a) HabnwaeHUst NOOYUHAKTCS HOPManbHOMY pacnpeneneHunio;

b) ctaHgapTHOE OTKIIOHEHWE M3BECTHO TOYHO;

c) nocnegoBartenkeHble HAabMOAEHUSA CTATUCTUYECKN HE3ABVCUMBI.

HopmanbHoe pacnpepeneHve cUMMETpUYHO. AcCMMMeTpus ¢ Bonee ANMWMHHBIM XBOCTOM B Hanpaene-
HUM BO3MOXXHOIO CABMWra Npyv OLHOW KOHTPOMbHOW rpaHuue npuBoauT K yMeHblieHuo ARL 1 umeet cnaboe
BMMsiHMe Ha 3HadeHue ARL npu Bonbluux casurax cpegHero. Haoboport, npu acummMeTpun ¢ Bonee KOPOTKUM
XBOCTOM B HanpaeneHun BO3MOXHOIo caBMra 3HadeHue ARL 3Ha4uMTensHO Bo3pacTaeT co crnadbiM BNUAHUEM
Ha 3HaueHne ARL npu Bonblunx coBurax cpegHero.

CraHpapTHOe OTKNOHEHWE UMK CTaHOAPTHYI OWKBKY, Kak npaBumo, OLeHUBaKT No TeM Xxe Habnwoge-
HUSIM, KOTOpPblE MCNONb3YIT Ans npeacrasneHus Ha CUSUM-kapte. Ownbkmn 10 % n Gonee Becbma pac-
NPOCTpaHeHb! B 3TOM cryvae. 3aBbllUEHHas OLUEHKa G, yBenuuusaeT 3HadeHue ARL, 3aHuxeHHasi oueHka
ymeHbluaeT ARL. 3T1o uckaxeHue ARL sBnsetcsa cambiM ABHBIM M5l 3HAYEHWI CpeHEero npoLecca, paBHbIX
LLeneBoMy 3Ha4YeHWIo MNKn BNKM3Kux K HeMy 1 uMeeT Hebonbwoe BnusHue npu Gonbwux caeurax. B tabnvue 4
nokasaHo uckaxerHne ARL ona 10 %-Hown olnBKM OLIEeHKN O

Tabnuya 4— lMpumep BnuaHua Ha ARL HenpaBunbHOM OLEHKN CTaHAaPTHON OWMBKK G,

CpegHas anuHa cepum (ARL)
Cpasur cpegHero npolecca oT LEenesoro
3HaYeHMs, eUHULLI UCTUHHOID G, OueHka G, 3aBbilleHa Ha KoppekTHas oueHka OueHka G, 3aHuxeHa Ha

10 % T, 10 %

0,0 946,3 3704 172,3

0,5 51,6 35,3 25,8

1,0 11,8 9,9 8,5

1,5 6,3 556 4.9

2,0 4.3 3,9 3.5

MonoxuTensHas aBTOKOPPenALNUa NPUBOANUT K yMeHbLUeHMI0 3HaveHua ARL, a oTpulaTenbHas — K ero
YBENMUYEHHIO.

HeobxoQMMO OTMETUTL, YTO BMUSHWE TPex YNOMSIHYTbIX NPEeAnonoXeHWA XapakTepHo He TONbKO Ans
CUSUM-kapTbl, OHO TaKXe OTHOCUTCS W K APYrMM MEeTo4am NOCTPOEeHUs KapT.
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8.2 CUSUM c 6bicTpoi Ha4yanbHoW peakuuven Ha caBur (FIR)

MeTtog CUSUM c BeicTpoid HavanbHoi peakumen Ha caeur (FIR) npegHasHaveH ang ymeHbweHnsa ARL
npW paHHeM BbISIBMEHWMW COBWIOB cpegHero 6e3 cyLlecTBeHHOro ymeHblleHnsa ARL npu coxpaHeHun cpegHero
npouecca Ha UueneBoM 3Ha4YeHuM. ITO OTHOCUTCSH K COMOCTABNEHUI0 KPUTEPUEB NMPUHATWS pelleHus. Taknum
obpa3som, Lenb cocTouT B Bbonee BLICTpOR peakLnn Ha CABUIM NPU COXPaHEHWW YPOBHSA NOXHbIX CUTHarNoB.

CymmupoBaHue HavvHaetcsa ¢ FIR, a He ¢ Hyns. OBbIMHO 3TO 3Ha4YeHWe paBHO MOMNOBWMHE MHTepBana
peweHuin h/2. HeobxognMmMo OTMETUTL, YTO KoHUenuutio FIR nerye noHsATb NpU MCMOMb30BaHUM TabnUUYHON
dopmbl CUSUM, onucaHHoi B 8.3.

AHanun3 FIR-cxembl Noka3bliBaeT, YTO OHA NO3BOMSET YCKOPUTbL MOMydYeHWe curHana o caBure cpegHero.
OpHako npu OTCYTCTBMM COBUra npoLecca KymynsiTuBHas cymMma ybbiBaeT [0 HyMs, Tak e Kak B cnydae
0BLIMHOM KyMynsaTUBHOW cyMmMbl (Be3 FIR).

Mpw ncnonb3oBaHUK BMeCTe C TabnnyHbIMKM CxeMamun pelleHun (cM. 8.3), HadyanbHoe 3Ha4YeHne 4acTo
NPUMEHSIOT ANA BEPXHEN N HYXHEN KYMYNATUBHBIX CYMM.

8.3 CUSUM-tabnuusbl

8.3.1 OBbocHoBaHue

WHorga ocHoBHOM wensio CUSUM-npouenypbl SIBNAETCS NULLL BbISIBNIEHWE HEeCTaHOApTHLIX YCIOBUNA,
a He obecnedyeHre HArMAQHOrO NpeacTaBNeHUsa NocnefoBaTenbHbIX OaHHbIX. B 3TOM cnyyae gaHHble MoryT
BbITh 3anucaHbl B hopme Tabnuubl. Torga BMECTO Macku, MCNonb3yemon B ctaHgaptHon CUSUM-kapTe, npu-
MEHSIOT YMCNEeHHoe NpaBuno.

Takue cxembl HazblBakOT TabnuyHeiM CUSUM.

V-Macka obHapyXuBaeT U3MeHeHVA yrna HaknoHa kpuson. Ee nHTepsan pewexuns ho, yduTeiBaeT cTe-
neHb paccesiHus CUSUM-To4ek. Yrnoeoi koadhUUMeHT paspeLuatowmx NMHMIA Mackn COOTBETCTBYET Cpea-
HEeMy YPOBHIO Mpouecca: Lenesoe 3HaveHue + f G,.

B TabnuyHoi cXxeme BMECTO BblUUCNEHUs U rpadpuyeckoro npeacTaBneHnsa KyMynaTUBHOM CYMMbI pas-
HOCTW HabnwgaemMbix U LUeneBblX 3Ha4eHuA (x — T), BBIYUCNSIOT U CBOOAT B Tabnuuy KyMynsaTUBHYIO CYMMY
cnefyrLmnx BENUYUH:

x—(T+fo,)

(Mpn 3TOM KYMYNATUBHOWM CyMMe NpUCBanBaloT 3HavyeHue 0, ecnu oHa CTaHOBUTCA OTpULATENbHON s
BepxHen CUSUM, 4Tobbl 0BHapyXuUTb yBENUYEHNE CpeaHero).

X—(T—-"foy)

(Mpn 3TOM KyMYNSATUBHOW CyMMeE NPUCBaWBAIOT 3Ha4veHue 0, ecrnv OHa CTaHOBUTCH MONOXUTENBHON NS
HuwkHen CUSUM, utoBbl 0BHapyKuTb yMEHbLUEHWNE CPEOHErD).

37O AaeT: ropu3oHTarbHbIe NIMHUK PELLEHNIA Ha YPOBHE + A, BMECTO paspeLuaroLnX IMHWA C YINoBbIM
KO3(hDULNEHTOM G, BBIXOAALLMX U3 TOYKN ho, (V-macka).

CTtaTucTMyeckne pelleHns COBNagatoT ¢ peleHnsiM1 No conoctaBMmon V-macke.

8.3.2 BbinonHeHue

[nsa ycTaHOBKM W MHTepnpeTaLun nHTepBana pewweHni gByxcTtopoHHen CUSUM-cxembl, ecnv KOHTpO-
nvpyemMasi xapakTepucTuKa NogYMHAETCS HOpMarbHOMY pacnpegeneHvo, HeobxoaMMO BbINMOMHUTL Crieayto-
e OencTBmA:

3T1an 1. YctaHoeneHue napametpoe CUSUM-kapTbi:

a) MHTepBana pelleHui h;

b) yrmoBoro koadpdpulmeHTa paspellatowen NHuK 1

C) ueneBoro 3Ha4yeHua T;

d) oueHkn cTaHgapTHOW owmnbKK HabnogaemMon XxapakTepUCTUKA G,

3T1an 2. BeluncneHue CUSUM-kputepues:

(T+fo )n(T- fop).

Otan 3. Nogroroska CUSUM-Tabnuubl ana sepxHen TabnuyHon CUSUM no obHapyXeHWo yBenu4eHus
cpeaHero ypoBHA. Tabnuua JomKHa UMETb CriegyoLLMe KOMOHKN:

e) Homep HabrngeHus;

f) sHaueHue HabnogaeMol XapakTEPUCTUKK X;

9) x— (T + foy);

h) kymynatueHas cymma senuuduHbl [x — (T + fo,)l.

MpumeyvyaHue — 31aTabnuua aHanormyHa vcnonb3yemon ans ctaHgaptHoro CUSUM-rpadumka, 3a uckmode-
HMeM Toro, YTo BMecTo (T + fo ) MCnonbaytoT 3HaveHne T, a BMeCTO fo,, UCNOMb3YHT YIMOBOW KOAhMULMEHT IKBUBANEHT-
HOW paspellarLleii NMMHKMKM V-MacKu.
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3T1an 4. MNogrotoBka CUSUM-Tabnuubl ans HuxHen TabnudHon CUSUM, no BbIABNEHWIO YMEHbLIEHNUS
cpeaHero. Tabnuua gomkHa MMeThb KONOHKK, aHanornyHble Tabnuiue atana 3, KpoOMe cnegyowmx:

x—{T— fask

j) KymynsaTUBHas cyMmma BenuumnHbl [x — (T — fo)l.

3T1an 5. Beog gaHHbIX

k) BBoasT oaHHbIE U BbIMOMHAKT BbIYNCNEHMWS.

I} Ona nonoxutenbHbix 3HavyeHuin CUSUM: BeiumcnawT u 3anuckiBawoT 3Hadenns CUSUM pgns
[x = (T + fo,)]. Ecnim CUSUM cTtaHoBUTCA OTpuLaTernbHon B 060l ToYke, ee 0OHYNA0T M NpOoAoIHKaT Ao
Tex nop, noka CUSUM cHosa He cTtaneT nonoxutensHon. Ecnn CUSUM kacaetca rpaHuuel pewenns ho, unm
npeBbILWAET ee, GUKCUPYIOT CABUT BBEPX.

m) Ona oTpuuaTtenbHbiXx 3HaveHuidi CUSUM: BbliuucnsitioT M 3anuceiBatoT 3HadeHus CUSUM pgns
[x = (T - fo)]. Ecnu CUSUM cTaHoBWTCS NONOXUTENbHON B NGO ToUKe, ee OBHYNSOT 1 NPOLOMKaT A0
Tex nop, noka CUSUM cHosa He cTtaHeT oTpuuartensHoin. Ecnn CUSUM kacaetca rpaHvubl peluenus ho, unu
ONyCKaeTCs HWKE, PUKCUPYHOT COBUT BHU3.

Mpumep meToga nokasaH B Tabnuue 5. [ipyron npumep TabnyyHoro MeToga npyMBedeH B NpUnoxeHun A.

Tabnuya 5— lNpumep tabnuuroin CUSUM

Habnwopaemoe — 1 CuUsum _9 CuUsum n S
3HaYeHue x 4 (sBepxHaAA) % (HKXKHSARA) PUMEHAHA
10 -1 0 +1 0
10 i 0 1 0 Obe cymMMbl paBHbl HyM, cpefHee npolecca
paBHO LENEBOMY 3HaYEHWH
10 -1 0 +1 0
14 3 3 5 0 CpenHee npoliecca Bbllle LENEBOTO 3HAYEHUS,
14 +3 +6 +5 0 HWkHAg CUSUM paBHa Hynio
3 -8 0 -6 -6
3 -8 0 -6 -122 2 CurHan ymMeHbLUEHUS CpeaHero
10 -1 0 +1 -1
10 -1 0 +1 -10
10 -1 0 +1 -9
10 -1 0 +1 -8
10 -1 0 +1 -7
17 +6 +6 +8 0
17 +6 +12b +8 0 b Curnan yeenuuenus cpeaHero

Mpumevanune 1— LenesoesHadenne T=10;06,=2;h=5;f=0,5.

MpumedyaHue 2— B konoHke 2 crieayeT sanucblBaTh 3HadeHna x — (T + fo ) = x - (10 + 1) = x - 11, rae x —
HabrogaemMoe 3Ha4YeHve.

Mpumevanue 3 — B konoHke 4 crneayet 3anucelBaTth 3HadveHna x — (T —fo ) = x — (10 - 1) = x - 9, rae x —
Habrniogaemoe 3Ha4eHve.

9 CUSUM-meTOoabI ANA yNnpaBreHUs NpoLeccoM U KOHTPONA KavyecTBa
npoAayKuumn

9.1 MPUYNHBLI U3MEHEHWUN

9.1.1 BenuunHa uaMmeHeHUn

Mpwu pa3paboTke CUSUM-cucTeMbl ONs KOHTPONsi NapameTpoB NpoLiecca UMNu XapakTepUCTUK NMPoayK-
LWKW OOMKeH ObiThk YCTAHOBMEH pasMep cOBWUra WM M3MeHeHWs NapaMeTpa npouecca UM XapakTepUCTUKA
NPOAYKUNN, KOTOPbIA BaxHO 0BHapyXuTh. 3Ta BenudmnHa Brvaet Ha popMy V-Macku, KoTopas MOXeT ObiTb
MCnonb30BaHa AN BbIABNEHWSA HEKOHTPOMUMPYEMbIX COCTOSHWW. Ha npakTuke B KayecTBe Takoro 3HaveHus
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yacTo BbIGMpaKT HAaUMEHbLUWA COBWUM, NMPU KOTOPOM MOXET ObiTb NMpoBeAeHa KOPPEeKTMpPOBKa npouecca.
OpHako cnefyeT yYuThiBaTh, YTO HAa3Ha4YeHWe CIULLKOM Maroro CABUra MoXeT MPUBECTU K MOSABMEHUKD phbi-
cKaHb4a (cMm. 9.1.5).

Bce nameHeHua moryT BbiTb OTHECEHbI K OQHOMY M3 CMeayrLuMX TUMOB: «LIaroBbiey, «Aperd» unm
CLMKITMYECKNEY.

9.1.2 lWaroBble U3MEHEeHUsA

Mpyn WwaroBbiX M3MEHeHMsIX AaHHble 06 M3MepeHusx napameTpa npouecca WNu XapakTepUcTUKM Npo-
OYKUMKW BHE3aMHO NepexogaT Ha HOBbIM YPOoBeHb. [1pyMepom sABMASETCSA UCNOoNb30BaHWe HOBOW NapTUX CbIpbS,
KOTOpOE OTNM4YaeTcs OT Chipbsl, UCNONb3YEMOro paHee, UK Korga HeonbITHbIA CRyXalluin, 3aMeHsas Konnery,
Oenaet Oonblue owWnboK, YeM OMBITHLIA cryxawuin. B Takux cnyvyasax CUSUM-kapTa ngeHTuguumnpyeTt ato
W3MEeHeHWe, Noka3sbiBas CyLLeCTBEHHbIW CABUI CPpedHero npouecca.

9.1.3 Opend

OTOT TUN U3MEHEHUWIW 4acTo CBA3LIBAKT C M3HOCOM 0DOpYAOBaHWUSA, MHCTPYMEHTOB M T. N. CUSUM-
rpacdhuk B 3TOM CIy4ae BbIMMAANT Kak BO3pacTatLmMii Unu yobiBaoLWmi.

9.1.4 Unknnyeckne namMeHeHuUn

Mpy HaNUYUN LUKNUYECKUX M3MeHeHU ydacTok CUSUM-rpacduka nepuogunyecku nostopsetcs. Hanpu-
Mep, 3TO MOXET NPOM30WTM B OpraHn3aumm, rage uMeeTcs Tpy paboymx cMeHbl, KOTOPbIe BbIMOMHSAKT OAHWU U Te
Xe 3agadqn, Ho no-ceoemy. [pu HanU4YMKU LUKNMYECKUX U3MEeHEHWI NOBTOPSETCA HeKoTopas nocrnegosaTterib-
HOCTb CABWIOB, Hanpumep casur B Bcerga cnegyet 3a casurom A. Ha CUSUM-rpachuke nepuoasl Bo3pacTa-
HWA YepenykTcs ¢ Nnepuonamn yobiBaHuA.

9.1.5 PbICKaHbe

PbickaHbe (HeperynapHble KonebaHusl) KOHTPONMMPYEMON XapakTepUCcTUKM NPOUCXOAAT, KOrga napameTp
UMK XapakTepucTuKa He MOryT ObiTb TOYHO CKOPPEKTUPOBAHLI M YCTAHOBMEHbI HA LieNneBoe 3Ha4yeHue, a no-
cne curdHana o notepe ctabunbHOCTM MpoLecca KOPPEeKTUPOBKa yCTaHaBMMBaeT 3Ha4YeHWe napamerpa unu
XapakTepUCTUKKN, NPW KOTOPOM 3HAK OTKIOHEeHWMS OT LIeNeBOro 3Ha4yeHWs MeHSIeTCHa Ha MPOTUBOMOMOXHbLINA.
CUSUM-rpathuk MeHsieT HanpasrneHne U3MeHeHWA Ha NPOTUBOMOIOXHOE, 3aTEM MOABMAETCA cUrHan, Tpedy-
HOLLMA MCNPaBUTb CAeNaHHY0 KOPPEKTUPOBKY U T. .

Takmum obpasom, Ha CUSUM-rpacduke nosiBrnseTca «3uraaroobpasHbiiiy yyacTok. TO camasi Hey[doB-
neTBOpUTENBHAA cuTyaums. Ee MoxHo n3bexartb ¢ NoOMOLLLK BeIOOpa UCXOOHOTO LEeneBoro 3Ha4eHus 1 no-
cnegyrLmnx MUHUManbHbIX KOPPEKTUPOBOK (cM. 9.3.1, aTan 13 ¢) AnsA ycTpaHeHWs pbiCKaHbs.

9.2 Bbi6op ueneBbIX 3HAa4YEeHUN

9.2.1 O6WwMe NnonoxeHuUsA

[MpaBunbHbIA BLIBOP LEeneBoro 3Ha4eHUa MMEET rnaBHOe 3HavyeHue rnpu yctaHoske CUSUM-cxemsbl.

LleneBoe 3Ha4eHne Mexay OBYX BO3MOXHbIX 3HAYEHUA MOXET NPMBECTU K pbiCKaHbto (cM. 9.1.5).

9.2.2 CtaHgapTHOe 3ajaHHOE 3HaYeHMe B KaYecTBe LefleBoro sHauyeHus

CambIM NpocTbIM BEIBOPOM LIENEBOr0 3HA4YEHUA ABNAETCH BbIOOP B KA4YecTBe LeneBoro 3HavYeHns «3a-
OAHHOro» UINN «yCTAHOBIIEHHOro» 3Ha4eHus. B aToM cnydae ueneBoe 3Ha4YeHWe 4acTo yCTaHaBMMBAKT paB-
HbIM HEKOTOPOMY YKazaHHOMY B TPeBOBaHUAX 3HAYEHWIO, TAKOMY Kak HOMWHaNbHOE 3HA4YeHWe UMK 3Ha4YeHne
cepeavHbl Nons gonycka. 3TW 3HAYEeHWSA YCTaHOBMEHbI B JOKYMEHTUMPOBaHHbLIX TpeboBaHWUsX UMM Ha YepTe-
xax. Ecnn CUSUM-meTon NnpUMEHSIOT B HENPOW3BOACTBEHHON cdepe, Lenesoe 3HadYeHne MOXeT ObiTb He-
KOTOPbIM YPOBHEM BhIMOMHEHWA, TAKMM Kak cpefHee BpeMsi 06paboTKu CYETOB UMK eXeMeCcAYHbIE pacxoibl
nogpasgeneHus opraHusaunm.

Llenesoe 3HavyeHMe MoxeT BbITb M3MEHEeHo. Hanpumep, Npu npoaa)ke MOPOXEHOro Lienesoe 3HadYeHue
MOXeT U3MEHATLCA B TeueHWe roga. B cpegHem Bonblue MOPOXEHOro NpodakT B TedeHne NeTHUX MecsaLes.
Takvm 0B6pa3oM, MOTyT ObITh MCNONL30BaHbI PA3NUYHbLIE LiEeNeBLIe 3HAa4YeHNUs NS Kaxaoro Mecsua. Mcnons-
30BaHNe NOCTOSHHOTO LENeBoro 3Ha4YeHns B TeYeHWe BCEero roga npuBOAUT K NOXHbIM BbiBogam. 3HadyeHue
CUSUM B Te4eHue ogHOTO Nepuoja roga noeblllaercd, 3atem ybbiBaeT. Ecnu ueneBble 3Ha4Ye€HWA pasnuyHbl,
To CUSUM nyulle ykasbiBaeT CyLUECTBEHHbIE U3MEHEHWSI YPOBHA NPOoAaX MOPOXEHOTO.

HeynayHo BbiOpaHHOE LieneBoe 3Ha4YeHWe MOXET NMPUBECTU K MOABNEHUIO «PbICKAHbSA», ONUMCAHHOMY B
9.1.5. MNoaTomy BbIBOP LEeneBoro 3Ha4eHus ABnseTca BaxHow 3agaden CUSUM-meToga.

9.2.3 dyHKUMOHanNbLHOE Lernesoe 3Ha4YeHue

LleneBoe 3HauyeHWe MOXeT BObiTh YCTAHOBMEHO Ha OCHOBE TEKYLLMX YPOBHEN (PYHKLUOHUPOBaAHUA. 3TOT
noaxo COBMECTUM C (DYHKUMOHAaNbHBIMU KOHTPOMNbHBIMUK KapTamu, Korga cpefcTsa ynpaBneHus yctaHoBne-
Hbl B COOTBETCTBMU C NpeablayLMM COCTOSHUEM NapamMmeTpa npouecca Unu XxapakTepucTUKU NpoayKUUn.
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[na koHTpona nonoxeHus unu pasbpoca BaKHO NOMNYyYWTb AaHHbie NpeaBapuTENbHOTO nepuoga Ha-
GnoaeHnin nnu cobpaHHble AaHHble. Takon nepvon Ans aHanusa cobCTBEHHOW M3MEHYNBOCT O0MKeH ObiTh
L0CTaToO4YHO NpoaorkuTenbHBIM. Kak npaeuno, npeasapuTenbsHbIi nepuon HabnwgeHuin gormkeH obecnevyntb
nonydeHue 25 todek Ha CUSUM-rpachuke. Mo 3TuM OaHHbIM AOMKHBLI BbITE NOMy4YeHbl OLUEHKM CPedHero u
CTaHOAaPTHOIO OTKIOHEHKS.

YcTaHOBMEHHLIE LleneBble 3HAYEeHWUS1 OOMKHbI BbiThb MCMOMb30BaHbLI AMA BbIYUCNEHUS KYMYMNSATUBHLIX
CYMM, HO CMyCTSl HEKOTOpPOE Bpems MOXET noTpeboBaThcsl U3MEHEHME LieneBoro 3HadeHus, ecnu CUSUM-
KapTa ykasblBaeT Ha M3MEHEHWEe YPOBHA npouecca. Ecrnm HEeBO3MOXHO BbINMOMHUTL COOTBETCTBYHOLLYH KOP-
PEKTUPOBKY NpoLecca UK ecrivi HOBbIN YPOBEHb ABMNAETCH NPUEMIIEMbBIM, TO EAUHCTBEHHBIM, YTO MOXET ObIThb
choenaHo, ABRNAETCA N3MEeHeHWe LieneBoro s3HadeHus. 31o obbIYHO AenatoT nocne NpoBepKu TOro, YTO HOBbLIN
YpOBEHb COOTBETCTBYET CNeayLLMM OaHHbIM, W YCTaHaBNMUBAOT €ro B Ka4ecTBe LeneBoro aHadeHus. [lanee
CUSUM-mMeTon KOHTPONUPYET NapamMeTp UIMU XapakTepUCTMKY OTHOCUTENBHO HOBOTMO LIEMEBOIO 3HAYEHUS.

9.3 CUSUM-cxemMbl ANA KOHTPONSA NONOXKEHUA

9.3.1 CrangapTtHana cxema

[MocnenoBaTensHOCTL 3TaNOB BbiNoNHeHUa ctaHgapTHon CUSUM-cxembl npuBeneHa Ha pucyHke 5.
31an 1. OnpepeneHne obbekta ans noctpoeHusa CUSUM-kapThi.

OnpepgeneHure KOHTpPONUPYEMbIX NapaMeTpa NpoLlecca UNU XapakTepUCTUKM NPOOYKLUK.

MpumedyaHne — 3ITo MOryT BbITh KMIOMEBOW NAapaMeTp Npouecca, 3Ha4MMas XxapakTepucTrka npoayKuum, OHKU
MOryT BbITb YCTaHOBMNEeHbI NnoTpedutenem. O6LeKT MOXKET ObIThb TakKe MAEHTUMMLMPOBaH NpK BeiBope KOHTPOMMPYEMbIX
napameTpa npoLecca UM XapakTepUcTUKLA NPoSyKLMK.

3OT1an 2. OnpegeneHne obbema Nogrpynnbl

Onpepgenexnune paunoHansHow nogrpynnsl gns CUSUM-kapThl n4eHTUYHO aHanorM4HoMy npoueccy npu
paspabotke nobown kapTel WyxapTa.

Ecnu napameTp npouecca siBnsieTcs BblbpaHHbIM 00bEKTOM, TO caMbiM noaxogswum obbemomM nog-
rpynnel AensieTca obbeM, paBHbIR equHWLE. 3TO BbI3BAHO TEM, YTO MapameTpbl, HanpMMmep Temneparypa
UNW gaBrneHne B TPAHCMOPTHOM CPeACTBe, M3BMEHAKTCA B TeYEHUe JOCTAaTOYHO NPOAOIMKMUTENTbHOMO BPEMEHW.
BbInonHeHWe HECKONMbKWUX MocnedoBaTenbHbIX MOBTOPHbLIX U3MEepPeHUA BPa4 N NOKaKeT Kakue-nubo pasnu-
yusa. 3To NPUBOAUT K TEXHUYECKUMM NpobneMam ¢ onpegeneHneM CTaH4apTHOTO OTKMOHEHUS! U KOPPEKTHOM
ycTaHoekoi CUSUM-macku.

Ecnu gaHHble OeNCTBUTENbHO eOWHUYHLI, Takne Kak nokasaTenb 3a Mecsu, TO pasMep pauuoHanbHon
noarpynnbl ByaeT Takum xe.

[na xapakTepucTuky Npogykumnmn 4Yacto obbem pauvoHanbHON noarpynnbl 6onblie eauHWUbl U paBeH
0bbiyHO NaTK. B cooTBETCTBMM CO 3g0paBbiM CMbICNOM, BbibpaHHbIA 06beM NoArpynnbl No3BonseT npegcra-
BWTb CMy4anHy U3MEHYMBOCTL NnpoLecca.

3tan 3. Beibop CUSUM-cxembl

B tabnuue 6 npueeneH Habop cTaHAapTHLIX CXEM, OXBaThIBAKOLWMX BECb OMAaNa3oH TUNUYHbLIX TpeboBa-
Hun ons CUSUM-cxembl. B Tabnuue npuBedeHbl ABe OCHOBHbIE cxeMbl, cxema CS1 ¢ 4oCcTaTouHO BBLICOKMM
3HaveHnem ARL npu Hyneeom casure, U ¢ bonee HU3KUM 3HavyeHneM ARL — cxema CS2. [Ipyrumu cnoeamu,
cxema CS2 obHapykuBaeT COBUI YpPOBHSA npouecca beicTpee, Yem cxema CS1, Ho 3a cyeT BonbLlIero Konu-
YecTBa «INOXHbIX curHanos». MNpu BeibOpe cxembl HE0OX0OMMO ONpeaennTb, Kakoi cueHapuin Gonee BaKeH.
B tabnuue 7 nokasaHbl pasnuuma aTUX CTaHgapTHbIX cxem (3HadeHnna ARL npusegeHsl ans sepxHein CUSUM).

Kak tonbko BbibpaHa CUSUM-cxema (CS1 nnmu CS2), HeobxogMMO yCTaHOBWTL pasmep 3Ha4YvMMOoro
capura. B Tabnvue 7 npvBedeHbl TPU TUMWMYHbLIX 3HAYEeHMsA 3HaYMmoro caswra (3HadeHws ARL npuseneHsbi
ansi ogHoctopoHHen CUSUM). B 3aBucumocTu OT BbIBpaHHOro 3HavyeHus cagura sHadeHust h u f moryT ObiTb
onpegeneHsl no Tabnuue.

Ecnn HedAcHo, Kakyto cxemy Heobxoaumo BbIBGpaTh, MpakTuKa MOoKasbiBaeT, YTO XOpOoLUel HavyanbHOM
cxemou saiensaetca cxema CS1ii), . e. h=5,0u f=0,50.

HeszaBucumo oT TOro, kakas cxema BbibpaHa, 3Ha4YeHWsl MapaMeTpPOB AOMKHbI ObITb YMHOXEHbI HA G
(unun 6,) Ana onpefeneHns OakTUYeCKUX pasmepos 1 hOpMbl MAcKU. ITO YCTAHOBNEHO Ha aTane 8.

3Tan 4. COop AaHHbIX 32 NpeaBapuTerbHbIi Nepuoa HabnogeHnn

Kak ykaszaHo B 9.2.3, gomkHbl ObiTe cODpaHbl AaHHble, XapakTepusytlue M3MeH4YMBOCTb Mpouecca,
Heobxogumble gns noctpoeHuss CUSUM-cxeMbl 1 yCTaHOBNEHWS LLEeNeBoro 3Ha4eHusa npyM HeobxogMMocTy.

OnpepensaioT nepuod, B Te4eHUe KOTOPOro BCe MCTOYHUKM M3MEHYMBOCTM NpoLecca NposiBNeHbl. 3T0T
nepuog AoMkeH OblTb 4OCTATOYHO MPOOOIMKMTENbHBIM UK YacToTa oTbopa BbIBOPKW OOCTATOMHO BbLICOKOWR
Ans nonydeHust He MeHee 25 noarpynn AaHHbIX.
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PucyHok 5 — lNocnegoeaTenbHOCTb BbINONHEHWs aTanoB ctaHaapTHon CUSUM-cxembl
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Tabnuua 6— CrangaptHele CUSUM-cxemsbl 4na cpedHero nogrpynnbi

Cxema CS1 Cxema CS2
3HauMMbIA cOBUM CPEAHEro, KOTOpbI AomkeH BbiTh 06HapyxeH?
h f h f
i) < 0,75c5e 8,0 0,25 5,0 0,25
ii) ot 0,75 po 1,500, 5,0 0,50 3,5 0,50
iii) > 1,50($e 25 1,00 1,8 1,00

MpumevyaHue 1 — Cxeme CS1 cootBeTcTBYET CpeaHas anvHa cepun ARL, B uHtepeane 700—1000, koraa
haKTUYeCKUA COBUM paBeH HYIo.

Mpumevanunme 2 — Cxeme CS2 cooTBeTcTBYeT cpedHas anvHa cepuun ARL, B nHTepsane 140—200, korna
haKTUdecKuii cOBUM paBeH Hyrio.

@ Ins oTAenbHbIX pesynsTaTos (pasmep noarpynnsl = 1) 6, npeacTasnaer coboi cTaHaapTHOe OTKNoHeHue. Ecnu
obbem noarpynnel Gonblie eguHULbl, G, NpeacTaBnaeT coboi cTaHaapTHYK oWNBKY CpeaHEro.

Tabnuya 7— ConocrtasneHne ctaHgapTHeix CUSUM-cxem ans cpegHero nogrpynnbl

OTKNOHEHWe cpegHero oT LUenesoro Cxema CS1 Cxema CS2
3Ha4veHunsa
(B eavHMLEX G) 0 (i) (i) ) (i) (iif)
0,00 737,0 931,0 716,0 1420 200,0 172,0
0,75 16,4 17,0 27,3 10,4 1,5 15,3
1,00 11,4 10,4 13,4 7.4 7.4 8,8
1,50 il 5,7 5.4 47 4,2 41
MpumedaHune — 3HadeHue ARL aBnseTca 3agaHHbiM. CnegyeT NOMHUTL, YTO dpakTuydeckoe 3HaveHue ARL

ans obHapyxeHua dakTuyeckoro capmra MoxeT bbiTe 6onblie unu meHswe ARL. Mpu HeobxogumocTw cnegyeT uc-
cnenoBaTb pacnpegeneHue 3HadeHwd ARL ons onpegeneHHbIX OTKNOHEHWIA CPEAHErO OT LENEBOro 3Ha4YeHns, YTobbl
3HaTb CpefHWA Anana3oH 3HadeHnin ARL, koTopble MOryT ObiTb PACCMOTPEHBI.

a8 [ina oTaenkbHLIx HabnogeHwit (o6bem noarpynnel = 1) o, npeAcTaenaeT coboil cTaHaapTHOE oTKMnoHeHwe. Ecnn
obbem noarpynnel Gonblle eduHULbL, G, NpeacTaenseT coboil cTaHAapTHYH OWWGKY CpefHero.

He cnepyetr BBOOWTbH AOMONMHUTEMNbHbIE MCTOYHWKM M3MEHYMBOCTU MpOLEcca, Hanpumep, perynmpoBs-
K1 npouecca B TEYEHWE 3TOro nepuoaa, NocKonbKy 3TO MCKa3uT AaHHble 06 nameH4MBOCTU Npouecca. Ecnn
eCTb HeobxoauMOoCTE B NpepbiBaHWK cbopa gaHHbIX, OMKHO BbiTb MPUHATO pelleHne 0 HeoBXoaMMOCTK Mo-
BTOpeHMs HabMAeHNA MKW 0 AOCTAaTOYMHOCTU MOMYYeHHbIX gaHHbIx. Ecnn konuvectBo nogrpynn 6bino 20
unu bonee, M ecnNu BCe BO3MOXHbIE NCTOYHMKM M3MEHUYMBOCTM NMpoLlecca BO3AeACTBOBaNM B npouecce cbopa
AaHHbIX, TO 3TO KOMMYECTBO NOArPynn sIBNSETCS AOCTATOMHbIM W MpeaBapuTenbHbIN nepuod cbopa gaHHbIX
MOXeT BbiTb 3aBeplueH. [JaHHble, cobpaHHble B NpeaBapuTenbHblid Nepyuod, A0MKHbI BbITe MCNONb30BaHbI 4NA
yCTaHOBMNeHUs ypoBHA namen4mnsoctu no CUSUM-cxeme. 3T0 ycTaHOBMNEHO Ha aTanax S un 6.

Oran 5. OueHka G, N0 AaHHLIM NPeABapUTENbLHOMO Nepuoaa HabnoaeHun

a) ObLwme nonoxeHns

Hwxke onucaH metoq onpedeneHus OUEeHKN G,. B HEKOTOpbIX Criyyasx MOXET BO3HWKHYTb Heobxomu-
MOCTE MPUMEHEeHWs Apyroro nogxoga. 70T APYro Nogxoq MoxeT notpebosaTbe onpedeneHns OUeHKN cTaH-
0apTHOTO OTKNOHEHWHA CPEeOHUX noarpynmn.

b) O6vem nogrpynn 6onblie eanHuubl (n > 1)

i. BeluncnsoT pa3max (pasHocTb HanbonbLuero n HaMMeHbLLero HabnwaeHWn) B KaxaoW nogrpynne.

ii. BeluncnsawT cpegHee apudmeTMyeckoe pasMaxa (CpegHui pasmax) (ﬁ) no MoArpynnam.

iii. OnpegensAoT OUeHKY CTaHOapTHOrO OTKIIOHEHWUS B NoArpynne (o), AeneHnem cpeaHero pasmaxa Ha
COOTBETCTBYIOLWEE 3HaYeHue d,, NpuBeaeHHoe B Tabnuue 8.

iv. OnpenensioT o, AeNeHNeM Gy Ha KBaApaTHbIM KopeHb M3 o6bema NoArpynnel, T. €. Gg = O /n.

BmecTo pasmaxa noAarpynnbi MOXET ObITb ONpeaeneHo BbIGOPOYHOE CTaHAAPTHOE OTKNOHEHUE NOATPYN-
nbl (s). B aToM cnydae BMecTo R 1 6 onNpedensoT cpeaHee CTaHaapTHOE OTKITOHeHWe NOo4rpynn S 1 OLEHKY
5104. 3Ha4eHun ¢, npueefeHbl B Tabnuue 15.
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Tabnuua 8 — 3HadeHue KoadpuLmUeHTa dy AN OLEHKW CTaHAAPTHOO OTKIMOHEHWUA NOATPYNM MO pasMaxy Noarpynnsl

Obbem nogrpynnel n? dy
2 1,128
3 1,693
4 2,059
5 2,326
6 2,534
7 2,704
8 2,847
9 2,970
10 3,078
Mpunmeyanue — [Ona nogrpynn, obbem kotopbix Gonbwe 10 npu onpegeneHWyM OLEHKW CTaHOApPTHOMO
OTKMOHEHWUA NoArpynnel, MOryT ObiTe Bonee achdheKTUBHLI Apyrve MeToObl.
8 3nadenns d, ana n > 10 npusegersl B MCO 7870-2, a Takke B APYIMX MCTOHHMKAX.

c) O6wem nogrpynnel n = 1

Ons onpefeneHnsa oUeHKN G, AOMKeH BbiTb UCMONb30BaH METOA NOCNeaoBaTenbHbIX pasHoCTen (MHO-
raa Ha3blBaeMbIA CKOMNb3ALLNUM PasMaxom).

HaxHble, cobpaHHble 3a nNpegBapuUTenbHbIR Nepuod, AOMKHbl BbiTe MCNONL30BaHLI B TOW nocnegoBa-
TEenbHOCTU, B KOTOPOW OHW Bbinu cobpaHel. [lomxHbl ObITe BBIMUCIEHbI padMax (pasHoCTh) Mexay NepebiM U
BTOPbIM HabrogeHnsMK, 3aTem pasmax Mexagy BTOpbIM W TPeTbMM HabnwogeHusmu, v T. 4. Ecnn umeetca m
noAarpynn, OoMKHbI BbITh NONyYeHsbl 3Ha4eHna (m — 1)-ro paamaxa. BeluncnaioT cpegHuin paamax (ﬁ).

OueHky G, OMpeaensioT geneHwemM cpedHero pasmaxa Ha 1,128.

31an 6. OnpegeneHve ueneBoro aHadyeHus T

B cooTBeTcTBMK ¢ 9.2 B KAYeCcTBE LeNeBoro aHa4yeHus MOXeT BbiTh MCNOMNb30BaHO 3afaHHoe 3HadYeHue
UMK 3Ha4YeHne, onpeaeneHHoe Ha OCHOBe AaHHbIX HabnoaeHWi.

a) 3apgaHHoe 3HavyeHune

LleneBoe 3HauyeHWe ABNSAETCS YCTAaHOBMEHHbIM 3HadeHueM. Lleneeroe 3HauyeHWe MOXET ObITh BeIDpa-
HO Ha OCHOBE YCTAHOBIMNEHHLIX TpeboBaHWA, YepTexa U ABNSAETCS HOMUHAILHBIM Pa3MepoM UMY 3HAYEHUEM
XapakTepUCTUKMA NPOAYKLMA UM HEKOTOPbLIM CPEeOHUM YPOBHEM NnapameTpa yrnpaBreHus B clyydae Henpouns-
BOOCTBEHHOrO npouecca.

b) 3HaueHue, BbIBpaHHOE Ha OCHOBe HabNAEHUA

LleneBoe 3HauyeHWe onpenensioT No AaHHbIM, NOMNyYeHHbIM 3a NpeABapuUTensHbLIN Nepuon HabnwaoeHun.

i. BelumncnsioT BbibopouHOe cpeaHee (X) ANA KaxKaoW NoArpynmbl.

ii. BoiumcnawT obuee cpeaHee ( X ) cpegHMX NOArpynmn.

iii. BoibupatT X B KauyecTBe LieneBoro aHadeHus T.

3T1an 7. YcTaHoBneHue napameTtpos CUSUM-kapThl

a) O6Lwme nonoxeHus

PekomeHaaumm no yctaHoeneHuo napametpos CUSUM-kapT npuBegeHsl B pasgene 5.

b) CUSUM-tabnuua

YcraHaenuBatoT nogxogswyio CUSUM-tabnuuy ans 3anucu pesynsTaToB BblHUCMEHWA. YacTe Takow
Tabnuubl npueeneHa B Tabnuue 9.

Tatnuua 9— Tabnuua CUSUM-BblMMCREHNIA

Homep noarpynnel X x =T 3HaveHne KyMynAaTUBHOW cymmbl C

WT. A
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Ecnn o6bem noarpynnel paseH eaMHuLe, B Tabrnuiue X 3aMeHsloT Ha X.

c) CUSUM-bymara

Buibupatot Bymary ¢ yaobHbIMU MHTEpPBANaMn Mexay NMMHUAMU ceTK. Beibop 3aBucKT OT npegnonara-
€MOro Mcnonb3oBaHus Bymaru, HanpyMmMmep, AN BbiBELUVBAHUSA HA CTEHY.

BuibupatoT noaxogawuin Mmacwtab. Macwrtab 3aBUCUT OT pacnonoxeHus rpaduka. Hanpumep, ans rpa-
hUKOB, NpeaHa3Ha4yeHHbIX N5 BbIBELUWBAHUS HA CTEHY, MHTEPBas Ha ropu30oHTanbHOM 0cu MOXKET ObiTe 10 MM,
TOrga Kak and rpaduka, npeaHa3Ha4vyeHHoro Ans UCnonb3oBaHWa Ha CTone, 4OCTaToYHO MHTepBana 5 Mm.

Mogxoosawmin MHTepBan Ans OCU KYMYNSTUBHON CYMMbl BbIGMPAIOT TakUM ke, Kak MHTepBan ansa ropu-
30HTanNbLHOM OCU, NPUBMU3UTENBHO PaBHLIM 20, C OKpyrneHnem. Takon MacwTab Bpag N «crnaguT» cylue-
CTBEHHbIE U3MEHEHUSA UMW NPEYBENUUYNT HE3HAUYNTENLHLIE.

OTtmeuvatoT ueHTpanesHy Touky 0 Ha CUSUM-ocu 1 NpoBOASIT MOMYXUPHYHK FOPWU30OHTaNbHYK NUHUIO
Yyepes 3Ty Todky. PasmevatoT BepTukanbHy oce CUSUM B cooTBeTcTBUM C MacluTabom.

Mpumep Takoi Bymaru nokasaH Ha pUCyHke 6.

3Otan 8. YcraHoeneHne CUSUM-macku

B 8.1.1 onucaHxel napameTtpsl ctaHaaptTHon CUSUM-macku, a Ha pucyHKe 2 NOKa3aHbl 3NeMeHThl Macku
1 HeobxoOuMbIN MacLLTab.

3HaqeHus h, fu o, AOMKHbI BbITh ONpedeneHbl B COOTBETCTBMM C HACTOSILLMM NOAPA3AENom.

a) Beuncnsawr H = h o,

b) Beiumenaiwt F = fo,.

MpumeuaHnune — CyllecTBYIOT KOMMbIOTEPHbLIE NMPOrpaMMbl, KOTOpble BbiBOAAT Ha akpaH CUSUM-rpadwuk ¢
MacKomn.

3T1an 9. BeluucneHne KyMmynsiTUBHOW CYMMbI MO AaHHbIM NpeaBapuTenbHOro nepuoga HabnwogeHun

Kcnonb3ys LeneBoe 3Ha4YeHWe, onpegeneHHoe Ha atane 6, v Tabnuuy, aHanorM4YHyto NpeacTaBeHHON B
Tabnwuue 9, BEIMUCNAKT 3HAYEHNSA KYMYNATUBHOW CYMMbI MO OAHHLIM NPefBapUTENBHOIO Nneprvoaa HabnwaeHun.

3tan 10. CUSUM-rpacuvk no gaHHbIM NpeaBapuTenbHOro nepuona HabnogeHun

lMpencTtaeneHHble B Tabnuue 3Ha4YeHWUst KYMYNATUBHOW CYMMbI AOMKHbI BbiTh M306paxeHsl Ha Bymare,
aHanorn4yHowm npeacTaBneHHoN Ha pucyHke 6. Mpaduk Ha4yMHaeTcsa cnesa v NpogoskaeTcs Bnpaso. CoequHs-
0T BCe n3obpaXKeHHble TOYKK, 3TO AenaeT Bce TeHAeHUun bonee HarnsgHbIMN,

3tan 11. Anann3 CUSUM-rpaduka no gaHHbIM NpeaBapuTenbHOro nepuoaa HabnogeHun

HaknagbieatoT macky Ha CUSUM-rpaduk.

OTO OenawT onpefenss MonoXeHne TOYKW OTCYeTa, YKasaHHOW Ha pucyHKe 3 a) no nocrnegHen Todke
KYMYNATUBHOW CyMMbl. [1pn 3TOM HeoBx04MMO COBMELLATh LIEHTPanbHYH NMUHUMIO Macku C HyNeBOW OCblo Ha
Oymare. 3To rapaHTMpyeT, 4TO Macka NpaBuIibHO OPUEHTUPOBaHa.

JTioBasn Touka, BbiIXogsLLas 3a paspeLuarLLe TMHAM Macku, yKasblBaeT Ha BbIXO4 npolecca 13 ctabunb-
HOTO COCTOSAIHWSA, Jaxe ecnv Takas Touka He NocnefHsAs W Jaxe ecnu cnefyrwline TOMKW BO3BpallakTcs B
npegensl paspeLarwLwmMx NMHUA Mack (CM. pucyHok 3 b).

OT1an 12. WoeHTudukayma u ycTpaHeH1e cnelmanbHbiX NpUYnH

a) O6wue nonoxeHns

BaxHo npoaHanuavpoBaTb BCE TOYKM 3a npedenamy paspeluatowmnx nmHun Ha CUSUM-kapTe 1 ngeH-
TUPUUMPOBATL COOTBETCTBYIOLLYIO UM CNeLnanbHyo NpUYuHY.

b) NoeHTndukaums v npegoTepalleHe BO3HUKHOBEHUSA cneLanbHbIX MPUYvH

Kak Tonbko noeHTuduUuMpoBaHa crneumnansHaa npu4rHa U NpeanpuHAaThl JercTBUSA No ee NpegoTepa-
LeHWo B ByaywiemM, HeobxoaMmMo paccMOTpPeTb M U3MEHWTb, NPKY HE0BX04WMOCTH, LLeNeBoe 3Ha4YeHne 1 CTaH-
0apTHYH oWWBKY (MNWM cTaHgapTHOE OTkNoHeHue). Ecnv uMeeTcs TONbKO Of4Ha HECOOTBETCTBYHLLAA TO4YKa
M npudvHa Oblna yooBNETBOPWUTENBHO YCTpaHeHa, TO yCTaHOBMEHHbIE LeneBoe 3HavyeHuwe W cTaHgapTHas
owwnbKa Ny cTaHgapTHOE OTKMOHEHME MOTYT OblTb M3MEHEHbI HAa OCHOBE AaHHbIX NPEeABapMTENbHOMo Nepu-
opa HabnwgeHwu, a He faHHbIX HEKOHTPONMMPYEMOW Noarpynnel. Heocbxogumo 3aHoBoO onpedenvTs maclwTad
CUSUM-bymarun n pa3amepHOCTU Mackv v MOBTOPHO HA4YepPTUTb Macky.

Ecnn nmeetcsa HECKONbKO HEKOHTPONMMPYEMbIX TOYEK B JAHHbIX NpeaBapuTenbHOro nepuoaa Habnwge-
HWI, 3TO yKka3biBaeT Ha Bonbluee konvyecTeo nNpobnem npouecca. B Takom cnyvyae pekomeHOyeTcs npoaHa-
NU3MpoBaTk NPOLECC, BHECTU KOPPEKTUMPOBKM N 3aTeM NMPOBECTW NpeABapuTenbHblid nepuod HabnwdeHuia u
cobpaTb HOBbIE JAHHELIE.

c) MgeHTudpmnkauyumsa cneumanbHbiX NPUYMH 6e3 NpefoTBpaLleHrs X MOBTOPHOIO BO3HWKHOBEHNS

BbiBaloT cuTyauun, Korga HEBO3MOXKHO NpefoTBpaTUTb NOSIBIEHUe crneLManbHbIX NpuynH B Byayliem B
CUNY 3KOHOMHBIX WUITM TEXHUYECKUX COOBpaXKeHni.
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Y — 3Ha4YeHUe KyMynsaTUBHOW CyMMbI
PucyHok 6 — Mpumep CUSUM-6ymaru

B atom cnyyae CUSUM-napameTpbl, OCHOBaHHEIE Ha BCEX AaHHbIX NpeABapuUTensHOro nepuoaa Habnto-
OEHWIA, NCNoNb3YIOT ANs KOHTpons. [pyrMMu cnoBamu, 3TK cneuuanbHble NPUYnHbl pACCMaTpUBatoT Kak 4yacTb
Crny4YanHoW M3MEH4YMBOCTU NpoLecca.

d) HeBo3MOXKHOCTE BLISIBNEHWA CneunanbHbIX NPUYKH

HekoTopble cneumansHele MPUYUHBL MOTYT OCTaTbCs HE MAEHTUMULMPOBAHHBIMU. ITO OTPULLATENBHLIN
pes3ynLTaT, NOCKOMNLKY OH NPensaTCTRYET yNy4dlleHuo npouecca. HeobxogumMo NpunoxuTe BCe yCUNUa Ans Bbl-
ABMEHUs crneunansHbIX NPUYKH, B TOM YACTE UCNONB30BaTh APYrUe MeTohbl U pelueHns npobnemsl. OoHUM 13
Hanbonee MOLLHbLIX METOAOB ABMNAETCA METOA CTaTUCTUYECKOro NMaHMpoBaHWUsS 3KCTIepUMEHTOB.

Ecnuv cneunaneHble NPUYMHBLI OCTAKTCS He BbISIBNEHHLIMKW, HE0BX0AWMO BbINMONMHUTL OSACTBUSA B COOT-
BETCTBMM C NMepevncrieHnemM c).

3T1an 13. NpopomkeHue NOCTPOEHMS KapThbl

a) OB6Lme nonoxeHus

Ecnu paHHble npegBapuTenbHOro nepuoga HabniogeHWid COOTBETCTBYIOT CTabUNbHOMY COCTOSIHUKO
npoLecca Unu HoBble AaHHble cobpaHbl Nocne yAOBMeTBOPUTENbHOIMO COKpalLeHWs cnelManbHbIX MPUYrH,
CUSUM-kapTta roToBa K MpPOJOSTKEHWIO KOHTPOMNA MapameTpa npouecca WM XapakTepucTUKWA NpoayKuuu.
MacwTabupoBaHHyto Bymary n napaMeTpbl Macky Tenepb MCNOMb3YOT ANs KOHTPONS AaHHbIX Oyaywmx nog-
rpynn.

Ecnu nosiBnsieTca HEKOHTPONMpPYEMas Touka, HeobXo4MMO pewnTb, YTO AenaTs ¢ npoueccoM. [JencTteumsn
MOTyT BKIOYATh PEryfIMPOBKY NpoLecca, NPUHATUE HOBOTO LLENEBON0 3HAYEHUS, eCcrii MPOLECT NepemMecTuncs
B Donee xenaTernbHoe NnonoXeHue.

9.3.2 CtaHpapTHbIe cxeMbl. OrpaHuyeHus

OcHoBHble CUSUM-cxembl, ycTaHoBMneHHble B 9.3.1, obecne4ynBaloT xopowee Hadyano paboTel U BO
MHOMUX CNy4Yasx He TpebyT JanbHenWwnxX U3MeHeHnin. B HEKOTOPLIX CNy4YasXx MOXHO 3aMeTUTL M0 UCTEYEHUU
HEKOTOPOro BPEMEHM, YTO OCHOBHAA BbibpaHHaa cxema LoMmKkHa BbiTk yryJlleHa noToMy, Yto 3HadeHue ARL
4N 0OHapy>KeHUs: 3HAYUMOrO CABMIa CMMLLKOM BEMUKO UMK NOTOMY, YTO YaCTOTa «MOXKHbBIX CUFHANOB» CNULL-
KOM BbICOKa.
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9.3.3 CneuunanbHblie CUSUM-cxeMbl

Pazpabotka koHkpeTHoW CUSUM-cxembl TpebyeT BONbLUMX 3HAHWA U UCXOLHbLIX OAHHbIX, YeM TpebytoT
OCHOBHbIE CXEeMbl, YyCTaHoBNeHHble B 9.3.1. B 3TOM cnyyae NS peLleHus cnefywlux 3agady Heobxoguma
KOHCYnbTaUusa co cnelnanucTom.

a) OnpegenexHue (3HAa4YMMOr0) padMmepa OTKIOHEeHUS OT LIeNeBoro 3Ha4eHusl, KOTopoe AOIMKHO ObiTh 06-
HapyxeHo (d).

b) Onpeaenexne oueHkn cTaHaapTHON ownBKN G, (MNK CTaHAAPTHOIO OTKNOHEHWA, ecnn obbem noa-
rpynnbl paBeH eQNHNULE), KaK YCTaHOBMNEHO BhiLUE.

c) OnpepgeneHue ucxogHoi ARL, ecrniv coBur MMeeT BenuUYKHY, yKasaHHyw B 9.3.1, atan 3, ARL;.

d) OnpepeneHune ucxogHoi ARL, ecnu cOBWr paBeH HYMO, T. €. YacToTa «IOXHbLIX CMTHANoOB» paBHa
ARL,.

e) Beluncnenve cranaaptHoro casura A = 8/c,,.

f) HaHeceHvne paHHBIX Ha KapTy, NPEeACTaBMNEHHYI0 Ha PUCYHKE 7, U onpegeneHne h no pac4yeTHoMy
3HaveHmio A ¢ ydetom 3HadeHun ARLg n ARL,. PekomeHayeTtcs HamTi COOTBETCTBYHOLWIME KOMMbIOTEPHbIE
nporpaMmel (MHOrMe KoMMepyeckue 1 BecrnnaTtHble NakeTbl NporpamMM npeanararT NpocTele yHKUUK Ons
onpefeneHusa h n ARLg ans sagaHHbix A n ARLO).

g) 3HaueHune onsa f Takke MOXET ObITb onpefeneHo No rpacuky, COOTBETCTBYIOLLEMY PACYETHOMY 3Ha-
YEHWIO A.

h) N3ameHeHne CUSUM-mackn B COOTBETCTBMM C HOBBIMW 3HAYEHMAMW h 1 f B COOTBETCTBMMN C U3NOXEHHbIM.

Y
10
1,2
N 2 ARL,
\ s
N 4
\2 5
AL
8
S
1 TR =i
e
P,
R 35,5000 o
>
700 ARL,
1 1
0 1 2 3 4 5 6 7 X

X — cTaHoapTU30BaHHbIW MHTepBan peleHnii h; Y — cTaHAapTU30BaHHAas pa3HOCTL A
PucyHok 7 — Homorpamma gnsa onpegeneHvs napaMmeTpoB V-Macku (Ans HopMarnbHOro pacnpeaenequs)

9.4 CUSUM-cxembl ANA KOHTPONS U3MEHYMBOCTHU

9.4.1 O6wMe nonoxeHUA

KpoMe KOHTpOns MOMoXeHUs NMpoLecca Ba)HO KOHTPOMNMPOBAaTb €r0 M3MEHYMBOCTb, U3MEHEHUS KOTO-
poW B BOMbLIKMHCTBE CNyYaeB ABMAAKTCS KPAaTKOCPOYHbLIMM.

Oeymsa Hanbornee noaxodsLMMM NokasaTensmMmu U3MeH4YMBOCTM SBMSIOTCA pasmax M CTaHgapTHoe OT-
KNOHeHWe B npeaenax nogrpynnel. Belbop nokasaTtens 3aBMCUT OT JIETKOCTU BbIYUCIIEHUIA U YPOBHS NOHMMa-
HWS MEepPCOHAaNoM BbINOMHAEMbIX BbIYMCNEHUA. YacTo npu paboTe ¢ KOHTPONbHBIMIK KapTaMu anst obecneve-
HWUS NPOCTOTLI BLIYUCMEHWI BEIBMPAIOT KapThl padMaxa, a 06bemM noArpynnel YacTo BbIGUPAOT paBHbIM NATU.
Mo pe3ynsTaTMBHOCTM MCMNONB30BaHWE pasMaxa U CTaHAapTHOMO OTKNOHEeHWs NPakTUYeCcKn HepasnuunmMel.

Ecnu obbem nogrpynnel paBeH eguHWLe, UCMOMb3yeMbIM MoKasaTeneM M3MeHYMBOCTM LODKeH ObiThb
pasMax, npeacTasnsowmii coboin pasHoCTb NocnefoBaTeNbHbIX Pe3ynsTaTtoB HabrmogeHui.
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9.4.2 CUSUM-cxembl onsa pasmaxos

[nsa ycTaHOBNEHWs NOAXOAALLEN CXEMbl KOHTPOSS M3MEHYMBOCTM NPOLLECCa Ha OCHOBE pasmaxa B npe-
Jenax nofarpynnsl HeobxoouMo BLIMOMHWUTL Creaylowmne JedcTBus. HekoTopkle N3 3TanoB OeWCTBUA 3aBep-
watoTes, ecnu BoinonHeHa CUSUM-cxema kOHTponst cpefHero.

3T1an 1. OnpegeneHne obbekTa ans noctpoeHusa CUSUM-kapThl

Cm. 9.3.1, atan 1.

Otan 2. OnpegeneHne obbema nogrpynnel

Cwm. 9.3.1, atan 2.

3T1an 3. Beibop CUSUM-cxembl Ana pasMmaxa

B Tabnuue 10 ycTaHOBNEHbI CTaHAAPTHLIE CXEeMbI, KOTopble 06ecneuynBatoT BbIMONHEHWE TUMOBLIX Tpe-
boaHuih k CUSUM-kapTe pasmaxa. B cootBeTcTBMM ¢ 9.3.1 B Tabnuue npuBedeHbl OB OCHOBHbIE CXEMbI:
CS1, koTopoi cootBeTcTBYOT 60nbline 3HaveHus ARL Ha oxuZaemom ypoBHe uaMeH4mBocTH, n CS2, koTo-
PO COOTBETCTBYIOT MeHblume 3HadeHuss ARL. Cxema CS2 obHapyxuBaeT cOBMI YPOBHS npouecca ObicTpee,
4yem cooTBeTcTBytowas cxema CS1, Ho 3a cyeT BOoMbLUIEro KONMYeCTBa «NOXHbIX curHanosy». B tabnuue 11
npuBeLeHbl Pasnuuns 3TUX CTAHOAPTHBIX CXeM.

Ta6nuua 10— CrangaptHele CUSUM-cxeMbl ona paamaxa nogrpynmbi

Cxema CS81 Cxema CS2
Obbem noarpynnsl
h f h f
2 2,50 0,85 2,50 0,55
3 1,75 0,55 1,75 0,35
4 1,25 0,50 1,25 0,30
5 1,00 0,45 1,00 0,30
6 0,85 0,45 0,85 0,30
7 0,70 0,45 0,70 0,30
8 0,55 0,40 0,55 0,25
9 0,55 0,40 0,55 0,25
10 0,50 0,35 0,50 0,25

Mpumevanne 1— Cxeme CS1coorseTcTByeT cpeaHas anuHa cepun ARL, B ananasore ot 600 oo 1000, ecrun
npouecc paboTaeT Ha OX1MOAaEMOM YPOBHE W3MEHYMBOCTMU.

Mpumevanne 2— Cxeme CS2 cooTsetcTayeT cpedHan anuHa cepun ARL, B ananazoxe ot 150 go 210, ecrnun
npouecc paboTaeT Ha OX1aaeMoM YPOBHE W3MEHYUBOCTU.

BeibupatoT ogHy u3 cxem CS1 unu CS2. MNpw 3TOM MCNOMNB3YIOT Te Ke KpuTepu Belbopa, 4To v Npw Bbi-
Bope cxembl Ansa cpegHero noarpynnel. Ecnu Tpebyetcs cxema ¢ 6onblunm 3HadeHmem ARL, npu oTCyTCTBUM
M3MeHeHuIn npouecca BelibupatoT cxemy CS1. B npoTuBHOM crny4vae BbibupatoT cxemy CS2.

HesaBucumo oT BbIOpaHHOM cxeMbl AN onpeaeneHns akTUYeckoro pasMmepa U opMbl Macku, 3Have-
HWS1 3TUX NapaMeTPOB LOIMKHbI OblTb YMHOXEHbI Ha OLEHKY M3MEHYMBOCTH R (cm. atan 8).

31an 4. Co6op AaHHbLIX NpeaBapuTenbHOro nepruoaa

34eck Tawke NPMMEHSIOT MHCTPYKUUKM ANS OLeHKM NapaMeTpoB NONoXKeHUs npouecca.

3tan 5. OueHka R no gaHHbIM NpessapuUTenbHOTo nepuoaa

BriuucnawoTt ﬁ, WCMNONb3ysa OOMH U3 METOO0B, onucaHHbIX B 9.3.1, atan 5.

Tadnuua 11— CpaBHeHue ARL ctaHgapTHeix CUSUM-cxem ans pasmaxa noarpynnel

OBbem noarpynnel ;’Zﬁfﬁ‘:{é’cﬁ?: ';;'gigf;; Cxema CS31 Cxema CS2
R 779,0 170,0
2 2R 72 55
4R 2,3 54
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OkoHyaHue mabnuuss 11

O6bem noarpynnebl %gﬁ?ﬁgg&fﬂf:‘g‘ﬁgﬁ Cxema CS1 Cxema CS2
R 893,0 196,0
3 2R 4,5 3,6
4R 1,6 1,5
R 918,0 157,0
4 2R 3,3 27
4R 1,3 12
R 771,0 179,0
5 2R 2,7 2,3
4R 1,2 1,1
R 942,0 204,0
6 2R 2,4 2,0
4R 1,1 L
R 893,0 162,0
8 2R 2,0 1,7
4R 1,0 1,0
R 635,0 184,0
10 2R 17 15
4R 1,0 1,0
MpumedaHune — [aHHble 3HadeHma aenaTcea ARL. Heobxogumo 3HaTh, YTO hakTuyeckan onvHa cepumn ans
oBHapyKeHUA naMmeHeHUa MoXeT BbITh Bonblie unu MeHblie ARL. MNMpu HeoBxogumocTK creqyeT NnpoBepuTh pacnpe-
[OeneHue Ans onpefeneHHbIX COBUIOB OT LENEBOro 3HaYeHus, YTobbl 3HaTb cpenHuii pasaMax AnUH CEPUIA.

3T1an 6. OnpegeneHre LeneBoro 3Ha4eHns, T

a) [laHHoe 3HayeHue

Mpu cTATUCTUYECKOM KOHTPOME KayecTea NMpOoAYyKLMW UMK npouecca Hanbonee pacnpocTpaHeH MeTon
YCTaHOBKMW LLENneBoro 3Ha4yeHus pasmaxa, onucaHHbii B b) Huxe. OgHako B HEKOTOPLIX CNyvasix npegnoytu-
TeNnbHO YCTaHOBUTL LieNeBoe 3Ha4YeHe Ha HeKoTOPOoM npeagnonaraemMomM ypoBHe. Ecnv aTo Tak, Lenesoe 3Ha-
YeHKe pasMaxa paBHO 3a[JaHHOMY 3Ha4YeHWI0 pasmaxa.

Ecnun nameH4nMBOCTb OMMCaHa C MOMOLL b0 CTAHAAPTHOIO OTK/IOHEHUS, LieneBoe 3Ha4YeHe pazMaxa Mo-
*XeT ObiTb BbluMcneHo no gopmyne T = d,c. 3HaveHne d, onpeaensior no tabnuue 8. OHo 3aBucKUT OT obbema
noarpynmkbl.

b) ®yHKUMOHaNEHO 060CHOBAHHOE 3HAYeHWe

Mo AaHHbBIM, MOMYYeHHbIM 3a NpeABapuUTerbHbIN Nepuon HabMoaeHUA, YyCTaHABNUBAIOT LeneBoe 3Have-
HWe pa3maxa, paBHoe R.

3T1an 7. YcraHoBneHne CUSUM-bymaru

Ycranaenueatwot CUSUM-tabnuuy (unun nobaenswT gaHHele K cywecteyowen CUSUM-Tabnuue) n pas-
pabateiearoT CUSUM-Bymary, kak yctaHoBneHo B 9.3.1, atan 7.

CUSUM-Bymara onsa pazmaxa MOXeT UMeTb Maclwtad, oTnvuHbIi oT Maclitaba 6ymaru Ans KOHTpons cpen-
Hero. Mogxoaswwmii MacluTab MoXeT BbiTh BLIYMCHEH MO chopMyne aR. 3HaueHue a npuBeAeHo B Tabnuue 12.

Tabnuya 12 — KoathdpuumeHt macwtaba ana CUSUM-Bymaru pasmaxa

Obbem noarpynmnel a
2 1,50
3 1,00

25

GostExpert.ru
https://GostExpert.ru/gost/gost-7870-4-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67528
https://gostexpert.ru/gost/gost-7870-4-2023?utm_source=pdf&utm_medium=67528&utm_term=page

rOCT P NCO 7870-4—2023

OkoHYaHue mabnuubi 12

Obbem noarpynnel a
4 0,85
5 0,75
6 0,65
8 0,55
10 0,50

Otan 8. YcraHosneHne CUSUM-macku

Wcnonb3yna 3HadeHus h w f, BeibpaHHble Ha smarne 3, BbIMUCASIOT:

a) H =hR;

b) F = fR.

PaspabaTbiBaloT Macky, UCNONb3ysa pacyeTHble 3HadeHusa H u F B cooTBeTcTBUM ¢ MacuTabom CUSUM-
Bymaru.

3T1an 9. BeluMcneHve KyMmynsaTUBHOW CyMMbl NO AaHHbIM NPeaBapuTensHOro nepuona HabnogeHuin

Wcnonb3ys ueneBoe 3HaveHwWe, onpegdeneHHoe Ha atane 6, u Tabnuyy, aHanornydyto Tabnvue 12, Bbl-
UYNCNSAT 3HAYEHVE KYMYNATUBHOW CYMMbI AN pa3Maxa rno AaHHbIM NpeaBapuTensHoro nepuoaa HabnwoaeHun.

31an 10. NoctpoeHue CUSUM-rpacduka no gaHHbIM NpeaBapuTernsHOro nepuoaa HabnogeHun

Ipadhuueckn nzobpaxatT KyMyNnATUBHYO CyMMy Ana paaMmaxa Ha CUSUM-bymare, kak onucaHo B 9.3.1,
atanel 7 1 10.

31an 11. AHann3 CUSUM-rpacduka no gaHHbIM NpeaBapuTenbHOro nepuoaa HabnoaeHnin

Ananus CUSUM-rpaduka BbINOMHAOT, Kak ycTaHoeneHo B8 9.3.1, atan 11.

OT1an 12. geHTudukauusa n ycTpaHeHue cnelmanbHbIX NPUYMH U3MEHYMBOCTU

a) O6wme nonoxeHus

BaxxHO uccnenorath Bce TOYKWU, PacnoONOXeHHbIE 3a KOHTPOnbHbIMK rpaHuuamu Ha CUSUM-rpaduke,
W MOEHTUPULMPOBATL COOTBETCTBYIOLLYIO MPUYMHY CNeLnanbHON N3MEHYMBOCTH.

Ecnu HeoBXxoanMo nepecmMoTpeTb 3Ha4YeHUs LerneBoro pasMaxa, B COOTBETCTBUM C OQHUM M3 crieayto-
LMX MOAMYHKTOB, TO HEOBXOAMMO NepecMoTpeTs Macky M BoaMoxHo CUSUM-Bymary ons KOHTpOns cpegHero.

b) WoeHTudnLMpoBaHHasA 1 yCTpaHEHHAad cneynansHas npuyYnHa U3MeH4YUBOCTU

Kak Tonbko cneumnansHas npMyunHa MOeHTUMULMPOBAHA W BbIMOMHEHLI AEACTBUSA MO €€ YyCTPaHeHW, B
ByoyLlemM 3HaYeHWe LEeneBoro pasMaxa MOXeT BbiTe M3MeHeHOo (npu HeobxogumocTu). [pu HaNU4YKMK TOMLKO
OOHOWM TOYKW BHE 30Hbl cTabunbHOCTKM, KoTopasi 06paboTaHa B COOTBETCTBMM C MEpeyYyucrneHnem a), paHee
NPMCBOEHHOE LieNneBoe 3Ha4YeHne MOXeT DObiTb MepeCcMOTPEHO C MUCMOSIb30BaHWMEM AdaHHbIX NpeaBapuUTENbHOIoO
nepwoga HabnwgeHWin, 3a UCKITKYeHNEM JaHHbIX, Cogepallnx TOYKY BHE 30HbI CTAabUNBHOCTM MOATPYNMbI.
[MepecmaTpuBaloT BeiuUCTeHUsA Ana macwtabupoeaHus CUSUM-6ymary u macku M nOBTOPHO MacluTabupyroT
Bymary 1 Macky npu HeobxooMMOCTU.

Ecnuv paHHble npegBaputTensHOro neproaa HabnwaeHnin cogepxart HECKOIBLKO TOYEK, 3TO YKa3blBaeT Ha
Hanu4yue y npouecca npobnem. PekoMeHAyeTCsl NpoaHanuanpoBaTth M OTperynMpoBaTth MPoLece 1 3aTemM npo-
BECTW HOBbI NpefBapuTenbHbIA Nepvos HabrogeHuin ¢ perucTpauueil HoBbIX daHHbIX.

c) NgeHTndmumpoBaHHas, HO He YyCTpaHeHHas cneunansHas npuymHa

CyllecTByOT cnyyau, Korga cnewunansHas NpuivHa He MOXeT BbITh yCTpaHeHa BCneacTBUME 3KOHOMUYE-
CKUX UM TEXHUYECKUX TPYOHOCTEN.

B stom cnyyae CUSUM-napameTpbl onpegenstoT Ha OCHOBE BCEX AaHHbLIX NpefBapuTensHOro nepuoga
HabrgeHWn M MCNONb3YIOT ANA NPOAO/HKALWErocs KOHTpons. ApyrMMu cnoBamMm, Takue cneunanbHele Npu-
YKMHbI pacCcMaTPUBAKT KaK 4acTb U3AMEHYMBOCTU Cry4anHoro npouecca.

d) He BhbiABNeHHasa cneuuansHasa npu4mnHa

Ecnu cneumansHas npuyvMHa ocTaeTcsl He BbISABMEHHON, OOMKHbI BbITh BbIMOMHEHL! OENCTBUA B COOT-
BETCTBUMW C NEPEYNCIIEHNEM C).

OTO KpalHe HexenaTenbHasa CUTyauusl, MOCKOMbLKY OHAa NpensaTCcTBYET yNydlleHuo npouecca. Heobxo-
OUMO cenaTtb BCce BO3MOXHOE AN UccnenoBaHus cneumansHbIX NPUYnH.

31an 13. NpoaomkeHue NOCTPOEHUSA KapTbl

a) ObLwme NonoXxeHus

BbinonHeHne gencTBMiA NO NOCTPOEHMIO KapThl B cooTBeTcTBUM € 9.3.1, atan 13.
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b) deicTBua ¢ npoLeccom

Kak npu koHTpone cpegHero, ecnv NOSIBNSAETCS CUrHan o notepe cTabunsHOCTU, TO pa3Mep M3MeHEHUS
MOXHO OuLeHuTb no rpagueHTy CUSUM-rpadhmka. B aTom criyyae MHTepripeTaums CBOAUTCA K ONpeaeneHuio,
HaCKOMNbKO U3MEHWNACch N3MEHYMBOCTb, NPeAcTaBneHHas B Buae R.

Ecnn CUSUM-rpacuk, oTHocALWMINCA kK 060pyaOBaHMKD WK MallWHE, YKa3blBaeT Ha yBenvyeHwe pas-
Maxa, HeobxoauMo NMPOBECTU TEXHWYecKoe obcrnyKMBaHWE AN BOCCTAHOBNEHWs obopyaoBaHus. Ecnu atn
MepOonpUATUS YCMELLHbI, NpeanNpUHATEIE AeACTBUSA JOMKHLI ObITh 3anucaHbl, 3HaYeHUe KYMYMATUBHOW CYMMbI
0BHyneHo, a npoLecc MOXeT NPOAomKaTe PYHKLMOHMpOBaTE. Ecnu npouecc Bo3BpaTUrcs K CBOEMY Npeabl-
Ayuiemy ypoBHio nameHynsoct, CUSUM-kapTa MoxeT NPUMEHATHCH ANst KOHTPOIS.

Ecnu CUSUM-rpaduvk nokasslBaeT yMEeHbLUEHME pa3maxa, To 3TO 0BbIYHO paccMaTpuUBaKT Kak Nnosu-
TMBHOEe cobbiTwe. CneunansHas nNpuyvHa 1M Heobxoaumble OENCTBUA OOMKHbI ObITe MAEHTUULUPOBAHEIL.
Mackn cpegHero u pasmaxa (M BO3MOXHO Oymara) 4OMmKHbI OblTb CKOPPEKTUPOBaHb! ANA OTPaXeHWsl HOBOWN
cuTyaumu. LleneBoe 3HayeHMe JOMKHO Takke ObiTb 3aMEHEeHO Ha HOBOE MeHbluee 3HavyeHue. [ins npogomnke-
HUs1 cocTaBneHus rpadurka HeobxogumMo OBHYNUTE KYMYNATUBHYK CYMMY pa3maxa.

OB6HyneHue KyMynaTUBHOW CYMMbl ONs cpeaHero Heobxoaumo, MOCKOMNbKY aHanu3, COENaHHLIA C Uc-
Nonb30BaHWEM NMepecMOTPEHHOW MAacKW AN CPpefdHEero, nokasar, YTo pasMax AeWCTBUTENbHO CTan MeHblUe.
HoBble HEKOHTpONMpYeMble TOYKM TeNepb MOXHO HabnogaTe Ha rpaduke cpegHero.

c) OueHka U3MEeHYMBOCTU. AHTUPbICKAHbE

Kak B crniyyae KyMynsaTUBHON CyMMbI, MPY KOHTPONE NONOXEHWs, ecni HeoBXoanMbl MEPbI MO CHUKEHUWIO Pbl-
CKaHb$l, pEKOMeHZYeTCs UCNonb30BaTh PENYNMPOBKY Ha BeNUYMHY 75 % yKasaHHOro MaMeHeHus LieneBoro pasMaxa.

9.4.3 CUSUM-cxembl cTaHAapTHLIX OTKNOHEHUA NOATrpyNNbI

Mpouenypa paspaboTkn CUSUM-cxemMbl KOHTpONs CTaHZ4apTHbIX OTKMOHEHWA OYeHb NMOXOXa Ha aHa-
NOrMYHY NMpoleaypy KOHTponsa pasmaxa nogarpynnbl. [103ToMy HWxe NpuBeeHbl NOMOXEHWUS, OTNIUYHbIE OT
YCTaHOBMNEHHbIX B 9.4.2.

PaccmMoTpeHHbIe HVXKE CXeMbl KOHTPONSA CTaHOApPTHbIX OTKMOHEHWI MOArpynnbl NpeAanonaratoT, YTo B
KaXJoW noarpynne caenaHo He MeHee AByx HabnogeHui. Ecnu cobpaHHble AaHHble cogepXxar no OgHOMY
HabnodeHWo B nogrpynne, cneayeTt MCNonb30BaTbh METOA NOCNeaoBaTeNbHbIX pa3MaxoB.

3T1an 3. Beibop CUSUM-cxeMbl CTaHOAPTHOMO OTKINOHEHUS

B tabnuue 13 ycTaHOBMNEHB! CTAHOAPTHbLIE CXEMbI, COOTRETCTBYHOLLME TUMOBLIM TPeDOBaHUAM KOHTPOIS
CcTaHOapTHOro oTkNoHeHus. B Tabnuue npuBeneHbl ABe OCHOBHbIX cxeMbl: CS1 ¢ Bonbwmm 3HavyeHnem ARL
Ha oXuOaeMoM YpoBHe M3MeH4YMBoCcTM U CS2 ¢ meHbwmM 3HadeHnem ARL. Cxema CS2 gacTt HeKoTopoe Ko-
MUYECTBO «MOXHBIX CUTHANoOB» M 0DHAapPYKUBAET 3HAYNMOE U3MEHEHWE CTAHOApPTHOro OTKNOHeHWs BuicTpee,
YeM cooTBeTCTByKOLWas cxema CS1. B Tabnuue 14 nokasaHbl paznuyns 3TUX CTAHOAPTHLIX CXEM.

Tabnuua 13 — CraHgapTHble CUSUM-cxeMbl 48 cTaHOApPTHBIX OTKIIOHEHWIA Nogrpynmbl

Cxema CS1 Cxema CS2
O6bem noarpynnbl
h f h E
2 2,00 0,50 2,00 0,25
3 1,60 0,35 1,60 0,15
4 1,15 0,35 1,15 0,20
5 0,90 0,35 0,90 0,20
6 0,80 0,32 0,80 0,20
7 0,70 0,30 0,70 0,20
8 0,60 0,30 0,60 0,20
9 0,55 0,30 0,55 0,20
10 0,50 0,30 0,50 0,20
12 0,40 0,30 0,40 0,20
15 0,35 0,27 0,35 0,18
20 0,30 0,23 0,30 0,16
MpumevyaHune 1— Cxeme CS1cooTBeTcTBYET CpeaHaAs anuHa cepun ARL, B uHTepsane ot 700 go 1000, ecnu
npouecc paboTaeT Ha OXNOAEMOM YPOBHE U3MEHYNBOCTH.
Mpumevanme 2— Cxeme CS2 cooTBETCTBYET CpeaHaAna anuHa cepumn ARL, B mHTepsane ot 150 go 200, ecnu
npouecc paboTaeTt Ha OXUOaeMOM YPOBHE U3MEHYNBOCTH.
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BeibupatoT ogHy u3 cxem CS1 nnu CS2. NMpy 3ToM A0MKHBI BbITh NCNOMNB30BaHbI TE XE CaMble KpUTEPUK
BbibOpa, koTopble Bbinu MCNonbL30BaHbl NpKU BoiGope cxeMbl Anst cpegHero noarpynnel. Ecnn tpebyetca cxe-
Ma ¢ 6onblwnM 3HavyeHnem ARL, npu oTCYTCTBUM U3MEeHeHU npouecca BolbupatoT cxemy CS1, B NPOTUBHOM
cnydJae BbibupatoT cxemy CS2.

HesaBucKMO 0T BbIBPAHHOW CXEMbI, 3HAYEHUA Mackn dhakTUYecKoro pasmepa M opmMbl ONXHbl BbITh

YMHOXeHbl Ha OUeHKY ©0, 4TO6bI onpenennTb HOBbIE MaCKW. OTO OnNUCaHO HUXe (CM. aTan 5)

Tabnuua 14 — CpaeHeHue ARL ctaHgapTHeix CUSUM-cxeM cTaHAapTHbIX OTKNOHEHWIA NOArpynmbl

O6bem nogrpynnbl ;2??::: Cl:'(gl\r'? :';zzzi?a Cxema CS1 Cxema CS2
Og 920,0 185,0
2 20, 7.4 5,6
4o, 2,3 2,1
Gy 920,0 155,0
3 20 4,4 3,7
40 1,6 1,5
Og 840,0 180,0
4 20 3.2 2,6
4o, 1,3 1,2
oy 820,0 155,0
5 206, 2,6 2,2
4o 1,1 1,1
o 850,0 190,0
6 20 2,2 1,9
4o, <11 <11
Sg 720,0 180,0
8 20, 1,7 1,6
4o, 1,0 1,0
Og 930,0 200,0
10 20 1,5 1,4
4o, 1,0 1,0
o 840,0 170,0
12 26, 1,3 1,2
4o, 1,0 1,0
o 860,0 170,0
15 20, 1,2 1,1
4o, 1,0 1,0
MpumeyvyaHune — [aHHble 3HavyeHus aenatoTca ARL. HeobxogmMmo yunTbiBaTh, 4TO hakTUyeckas anvMHa cepum
ana obHapyeHusa aKkTUYecKoro naMeHeHua MoxeT BbiTh Bonblle unu MeHsble ARL. MNpu HeoBxogumocTu cneayeT
NPOBEPUTL BUA pacnpedeneHns ANWHbLI CepUWM ANA COABWUIOB OT LENeBOoro 3HadeHus, 4Tobbl 3HaTk cpefdHWid pasmax
ONWHBI CEPUA.
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3tan 5. OnpeaeneHye OLEHKN G MO JaHHLIM NpeaBapuTenLHOro Nepuoda HabnwoaeHNi
a) [nA kakOow NoAgrpynnbl BLIYUCASIOT BLIGOPOYHOE CTaHOapTHOE OTKMOHEeHWe (S) NoArpynmbl.
b) BulYUCNSIOT cpegHee cTaHAAapTHOE OTKIIOHeHKUe (S) nogrpynnol.

OnpenensioT oLeHKY CTaHOapTHOrO OTKNOHEHUs NOATPYNnbl 60 = S/ C4 , rae ¢, onpeaensioT no Tabnuue 15.

Ta6bnuuya 15— KoaddpuumeHT ¢, Ans onpeeneHns OLEeHKU CTaHOapTHOTO OTKIOHEHWs Noarpynnbi

Obbem noarpynnsl n? | C4
2 0,7979
3 0,8862
4 0,9213
5 0,9400
6 0,9515
7 0,9594
8 0,9650
9 0,9693
10 0,9727
12 0,9776
15 0,9823
20 0,9869
& BHaqeHwn ¢, cywecTeytoT ana n > 20. Cm. MCO 7870-2 nnu Apyrne NCTOYHMKN.

Otan 6. Onpegenexve UeneBoro 3HavyeHust T

a) 3agaHHoe 3HavYeHune

Mpwu cTaTUCTUYECKOM KOHTPONE KayecTBa MPOAYKUMKM UMW NpoueccoB Haubonee pacnpocTpaHeHHbIN
METOL YCTaHOBMNEHUS LLeNEBOro 3Ha4YeHUs CTAHAAPTHOrO OTKIMOHEHUs1 NOArPYNMbl onucaH B b) Huke. OgHako
MOryT BbITb Crlydan YCTAHOBMNEHWS LeNeBoro 3Ha4eHMsl Ha OCHOBEe 3a[laHHOro 3HaYeHusi o,. B aTom cnydyae
Lenesoe CTaHAApTHOE OTKIIOHeHWe MOATPYNMbl BEIMUCTSAT No dopmyne T = ¢,6,. 3HaueHue ¢, onpeaensioT
no Tabnuue 15.

b) 3HaueHuWe, BbIDpaHHOE Ha OCHOBE HabnaeHWI

Ha ocHoBe fdaHHbIX MpegBapuTenbHOro nepuoga HabnwgeHwi ycTaHaBnMBAOT LeneBoe 3HadeHue
CTaHAAPTHOTO OTKIIOHEHWUS NOArPYNMbl S.

OT1an 7. YcraHoeneHve CUSUM-6ymaru

YctanasnueatoT CUSUM-T1abnuuy (unu gononusoT cywecTteytowyw CUSUM-Tabniuuy) n paspabatbi-
BatoT CUSUM-bymary. CUSUM-Dymara ons cTaHgapTHOro OTKIIOHEHMS NOATPYNMbl MOXET MMeTb APYroi mac-
wrab, yem Bymara gns KoHTpons cpegHero. MacwTab moxeT ObiTh BbiOpaH, UCNOMb3ys OKPYrMeHne BBepX
MW BHWU3 A0 Bnuxanwwero ygobHoro s3Ha4yeHus.

WNuTepsan wkansl CUSUM-kapTel ANs CTaHOApPTHOMO OTKMNOHEHUs NoArpynrbl COCTaBNseT ac,. 3Have-
HWe a onpeaensaT no Tabnuue 16.

Tabnuya 16 — KoadppuumeHTsl Macwtaba CUSUM-6ymarvn onsa ctaHoapTHOro OTKMOHeHWs! Nogrpynmbl

Obbem noarpynmsl a
2 1,50
3 1,00
4 0,85
5 0,785
6 0,65
8 0,55
29
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OkoHYaHue mabnuubsi 16

Obbem noarpynnel a
10 0,50
15 0,40
20 0,35

3Tan 8. YctanHoeneHne CUSUM-macku
Wcnonb3yna 3HadeHns h w f, ycTaHOBMNEHHbIE Ha 3Tane 3, BbIMMCHAT:

a) H = hoo;
b) F = foo.

Pa3pabaTbiBaloT MackKy, MCMONb3ys pacyeTHble 3HaveHns H n F 1 macwTtab mackv, paBHbId macwTaby
CUSUM-bymarm.

9.5 Ocobble cutyaumu

9.5.1 bonblwaa U3MeHYMBOCTb MeXay nogrpynnamu

B HekoTopbix cny4asix BaXHO 4acTb M3MEHYMBOCTU CPpeaHUX Mexay noarpynnamMu paccmaTpuBaTth Kak
crnydYanHyl naMmeH4usocTb. Mpumepom aenawTca HeGonblwwne konebaHusa cpegHero, BoigBneHHele CUSUM-
KapTol, ycTpaHeHWe KOTopblX He nnaHwupyetcd. [ns npedoTepalenuns cutyauun, korga CUSUM-kapTta He-
NpepLIBHO MOKa3biBaeT HecTabuneHoe COCToAHWE, 3TV Hebonblune konebaHWsl JOMKHbI BObiTh BKMOYEHBI B
OLeHKY U3MEHUYNBOCTH.

BeluncnaioT cpegHee cTaHAapTHOE OTKMOHeHWe Mexay nogrpynnamMu (ctaHgapTHas owunbKa cpegHero)
S5 fins aT0ro MoOryT BbITh NCMONL30BaHLI AAHHBLIE NPEeABaPUTENbLHOTO nepuoia HabnaeHN UM HEeKOTOPOoro
APYroro nepuoga, KOTOpbIN ABMSETCS PEenpeseHTatMBHLIM A8 U3MEHYMBOCTU. VICNONb3yloT 3Ha4yeHme Sy B
kadecTse wkanel CUSUM-6ymarn u mackn, BMECTO G, ANS CPEAHMX.

OTa npouegypa omkHa NpUBOgUTbL K COKPaLLlEHU0 HEKOHTponupyembix Todek Ha CUSUM-rpaduke.

9.5.2 «OgnHOYHbIE» AaHHble

[ns HeKOTOpbIX 0OBLEKTOR KOHTPONA AaHHbIE HADNAEHWA NO CBOEN Npupoae NOABASKTCS MO O4HOMY,
W MOHATWE MOATPYNMnbl ANS TAKUX OAHHBIX HE UMeeT cMeicna. MpuMepamun ABNSATCS eXeMecsaYHbId 0bbeMm
npogax, Temnepatypa pesepByapa C XMMuUKaTaMu, UCronb3yemMbIMA B MPOM3BOACTBEHHOM npolecce, Korga
OaHHble NOBTOPHbLIX M3MepPeHWid TeMnepaTypbl CAeNaHbl NpUBNU3NTENEHO B OHO U TO e BpeMs U He MoryT
nokasblBaTb HanuiMe M3MeH4YMBOCTU MeXJy uamepeHusimu. B aTom cnyyae MamMeH4YMBOCTbL B Npedenax nog-
rpynnbl paBHa HyMO K TakuMm 06pasoM mMacka He MOXKET BbiTb MOCTPOEHa.

Opyrum npumepom aBnsieTcs onpegeneHue cyeta npu urpe B ronbd. JlyHkam cooTBeTCTBYeT pasnnyHoe
cpefHee KONMW4YecTBO YOApPOB W WUIPOK B ronbdg onpenenseT pe3ynbrtar No CPpaBHEHWKD CO CpegHUM Komnuye-
CTBOM yapoB ANs Kax oo nyHku. CoBOKynHas CymmMa pasHoCTel npeacTasnsaeT coO0M KYMYNATUBHYIO CYMMY.

Obbembl moarpynn, paBHble eAvHWLE, NMOSBNSATCA B cnydaax, korga otbop w/unu aHanv3 BeIBopok
OYeHb JOpOoru.

B cooTBeTCTBUM C NPUHATEIM NOAX0A0M HEOBXOAUMMO YCTAHOBUTE 06beM NoArpynnel paBHLIM eQUHULE W
3aTeMm OelCTBOBaTb B COOTBETCTBUM C 3Tanamu, ycTaHoBNeHHbIMU B 9.3 anda n = 1. Takum obpa3om, KOHTponb
napaMeTpa NonoXeHusi (CpegHero ypoBHs) MPOBOAAT NO OTAENbHLIM pe3ynsTatam HabnogeHun, a KOHTPOmb
W3MEHYMBOCTM NO pasMaxy mexzay nocneaosaTtenbHbIMK pe3ynbTatamu HabrogeHui.

Lienesoe 3HadeHWe cpeaHero AoMmKHO BbiThk T = X, NpryemM BbiBopoYHOe cpeaHee A0MKHO BbiTh onpe-
AeneHo Mo AaHHbIM NpeABapuUTenbHOro nepruofa HabniofeHui, Uiu B Ka4ecTBe LeNneBoro 3Ha4eHus JoKHO
ObITb BbIOpaHO 3a4aHHoe 3Ha4YeHve. LleneBoe 3HaveHne pasmaxa 40MKHO BbiTe N R, onpegeneHHoe no no-
cnepgoBaTenbHbIM PAa3HOCTSM 3a NpefBapuUTensHbIA Nnepuog HabmogeHun, unn T = 1,128c, ecnv cTtaHgapTHoe
OTKIIOHEHWE ABMNSETCS 3aJaHHbIM 3HaYeHMeM. XoTs 06bem noarpynnel paBeH eauHuLe, ahhekTUBHbIN 0BBEM
noarpynnsl paBeH AByM.

9.5.3 3aBucumMoOCTb HabnwgeHU B cepum

OOHUM M3 OCHOBHbIX NPEANONOXeHW, UCNoNb3yeMbix Npu noctpoeHun CUSUM-kapThbl, Kak u ans nto-
DO KOHTPOMBHOW KapTel, ABMAETCS NPELNoNoXKeHWe 0 HE3aBMCUMOCTY ToYek Ha rpadmke. B HekoTopbIx criy-
4yasix He3aBUCMMOCTb OTCYTCTBYET, MPUMEPOM SBASAIOTCS npouecckl ¢ 00paTHOM CBA3bI0, TAKOW Kak nepegava
MH(OPMAaLUKM OT TEpPMOCTATa K HarpesaroLeMycsa YCTPOUCTBY, UMW NPOLECCHl C BblpaXeHHOW Ce30HHOCTLIO,
TaKkoW Kak B faHHbIX 00 obbeme npoga.
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BrivsaHne CUSUM-rpadmka MoKeT BbiTb CYLECTBEHHLIM U B HEKOTOPbIX CIy4Yasx MOXET NpUBOOUTL K
NOXHbIM CArHanam 1 HeBepHbIM OLEeHKaM 3HA4YMMbIX U3MEHEHWUNA.

CyLLecTBYHOT CTAaTUCTUYECKUE KPDUTEPMM, MO3BONAKOLLME BISBUTE HANUYME MONOXUTENLHOW UMK OTpULa-
TENbLHOW 3aBUCUMOCTH AaHHbIX. [pAMON MeTon OLEeHUBAET KOPPENALNID MeXay MCXOAHLIMU JAHHLIMW B UX NO-
CcrnefoBaTensHOCTU NOSBMNEHWS, T. €. MePBOro pe3ynbraTa B UCXOAHLIX JaHHbBIX CO BTOPLIM, BTOPOTO C TPETBUM U
T. 4. Ecnu oueHka koadhduLmeHTa KoppensumMn HaMmHoro Bbonblie Hyns, 3TO yKasbiBaeT Ha HEMOCPeACTBEHHYH
CBA3b Mexay HabnogeHuaMmn. Ecnu koadduumMeHT Koppensaumm HaMHOro MeHbLUe Hyns, TO UMeeTcsa oTpuLa-
TenbHas 3aBUCMMOCTb, KOTOpPasa npegnonaraet, YTo NpW YBEMMYEHUW pe3ynbTaTta No CPaBHEHWIO € NpeablayLLUm
nocrnegyLwmin pesynsTaTt M3MEHMTCS B MPOTMBONONOXHOM HanpasneHni. 370 Npouecchl ¢ M3DbITOYHbIM yrpaBs-
neHneMm. Takve KoppensauMm nerko MoryT ObiTb BEIYUCTEHBI C MPUMEHEHWEM NPOrpaMMHbIX CPeaCcTB.

[vana3soH aHa4yeHUn koadppuLneHToB Koppensuun [-1, +1]. [oporosoe 3Ha4yeHue, ykasbiBaloLLlee Ha cy-
LLIeCTBEHHOE 0TNNYMe KoadduLMeHTa KOppensLunm OT HYMs, 3aBUCUT OT KONMUYECTBA TOUEK, UCMOMb30BaHHbIX
B uccnegoBaHuu. Ecnn obbem Habopa gaHHbix Hebonblon, To gaxke BonblIOe YNCNEeHHOEe 3HaYeHue Koad-
druneHTa Koppensauum MOXeT BbiTb CTATUCTUYECKM HE3HAYaLLKMM, Torda Kak gns 6onbworo Habopa AaHHbIX
KO3h(PULMEHT KOppensaUnn MOKeT BbiTb BNMU30K K HYMIO U MHTEPNPETUPOBAH Kak CTAaTUCTUYECKN CYLLECTBEH-
Hbin. B Tabnuue 17 npuBeneHbl NpubnumxeHHbie 3Ha4eHNa KO3 DULNEHTOB KOpPensauun.

Tabnuya 17 — NHTepBanbl KpUTUYECKUX 3HAYEHWUIA KO3 DUUMEHTA KOppenaumnn

Konu4ecTtBo nap gaHHbIX Kputuyeckuii mHTepsan ans koadduumeHTa koppensuymmn?
10 [-0.45; 0,45]
15 [-0,37; 0,37]
20 [-0,33; 0,33]
25 [-0,30; 0,30]
@ [Ins ypoBHs 3Ha4dumocTty 0,05 (OByXCTOPOHHWIA KpUTEPUIA).

Ecnu BbluMCneHHOe 3HaYeHWe KoadhuULMEHTa KOppensauny HaxoOuTcs B UHTepBane, yKa3aHHOM B Ta-
onvue 17, HeT NpuyMH Npegnonarate, YTO UMeeTcs nocnefoBaTenbHas 3aBUCUMOCTb OaHHbIX. Bo3MOXHO,
uMeeTcsa HekoTopasa cnabas nocnegoBaTenbHas 3aBMCUMOCTb, AMS BbISBMEHUA KOTOPoR obbem BbIGOpKK
CRNULLIKOM Mar.

Ecnu BhisiBNeHa nocnegoBartensHas 3aBUCMMOCTb AaHHbIX, Heobxoguma nomouwbs cneyuanucta. [Jans-
HeWlwune OencTBUA MOTyT BKMoYaTk Donee rmyOoKuii aHanu3 npouecca A5 BbISBNeHWs NPUYMH 3aBUCMMOCTH.
PeleHne npobnembl MoXeT ObiTb NMPOCTBIM UMW CNOXHbIM. ECnn 3aBUCUMMOCTb Bbi3BaHa CE30HHOCTLIO, OHA
MOXeT ObITb MpeogoneHa NyTem U3amMeHeHus LefieBoro 3Ha4YeHust B KaXK4oM BpeMeHHOM nepuoge. B pesynb-
TaTe 3Ha4YeHKe KyMynaTUBHON CyMMbl CTaHET He3aBUCUMbIM OT ce3oHa. bonee nogpobHasa nHopmaums npu-
BegeHa B MCO 7870-9.

9.5.4 BbiGpochl

MpumeHeHne CUSUM-kapT Tpebyet 3awuThl 0T BhibpocoB. BrnvsaHue BLIBPOCOB Ha 3HAYeHMEe KymMyns-
TUBHOW CyMMbl MOXET ObiTb BOMbLUKMM 1 MOXKET NPUBECTW K NOABMEHMWIO CMrHana o HectabuneHOCTM NpoLecca.
PexomeHayeTca criegyownia NpocToi, HO ah@EeKTUBHBIM MeToq, ANA 3aLMThl 0T BbIOpPOCOB.

a) Pesynbrar aABnsieTca BeiIOpoOCOM, ecnu:

1) cpepHee nogrpynnel Gonblle UeneBoro sHadenus nnoc 3,50, UM MeHble LeneBoro 3HaveHus
MUHYC 3,50,

2) OTAENbHbBIN pe3ynbTaT bonblue Lenesoro 3HadeHus +3,50, UNK MeHbLUE LIENeBOro 3Ha4eHua MUHYC 3,50,.

Takow pe3ynsTaTt (PUKCUPYHT KaK BbIBPOC M HE UCNONb3YHOT €ro Npyu BbIYUCITEHUU KYMYNATUBHON CYMMBbI,
ecnu nocrnegynLni pesynsraT He ABNAeTCA NO403pUTENbHLIM Ha BbiBpoc.

b) PesynbraTt siBnaetcs nogo3puTenbHbIM Ha BbIBpoC, ecnu:

1) cpedHee noarpynnel 6onblue LENeBoro 3Ha4eHUs NIKc 26, MU MEHbLLE LENeBoro 3Ha4eHNs MUHYC 26,

2) oTAenbHbIA pesynsTar 6onblie LeneBoro 3Ha4eHns Mic 26, UM MEHbLIE LeNIeBOr0 3Ha4eHNnst MUHYC 26,

Ecnuv gBa nocnepoBaTenbHbIX pe3ynsTaTta HaxogaTcs BHE rpaHul, nogo3peHus Ha Beibpoc, ux oba vc-
NOMb3ylT NP BbIYUCIEHUM KYMYNATUBHONA CyMMbl. 3TO NOYTW BCErga NpvBOAWT K MOMYYEHUIO CUTHaNa o He-
cTabunbHOCTU Npouecca.

MpumeyaHune — bonee crporue Metoabl obHapy¥eHUs BbiIbpocoB npueedeHsbl B MCO 5725-5. OHW He o4yeHb
NPUMEHNMbI B pEXUME «peanbHoro BpemeHu». MeTof, yCTaHOBMEHHLIM B HAcTosAWEM CTaHdapTe, siBMNAeTcs NpocTbiM
NPUMEHUMBIM Ha NPaKTUKE.
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9.6 CUSUM-cxembl Ansa QUCKPETHbLIX AaHHbIX

9.6.1 Konu4yecTBo cobbiTuin. PacnpeaeneHune MNyaccoHa

9.6.1.1 O6LWMe nonoxeHus

MHoraa gaHHble NpeacTaBnaT cobon KONMYecTBO COOLITUIA, a KaXKabll aNeMeHT OaHHbIX — Konun4de-
CTBO CODLITWUIA 32 ONpefeneHHbld Nepuo BpeMeHU U KOMMYECTBO MPogyKuun. TakMMy JaHHbIMU ABMSIOTCS!
KOMWYecTBO HeCYacTHbIX Cry4yaeB UMW KONMUYEeCTBO OTCYTCTBYHLUWMX 3a Mecsdl, KonvyecTBo cpabaTbiBaHui
WM BbINETOB B AeHb, KOMUMYECTBO BXOAALLMX TeNedOHHbIX 3BOHKOB B MUHYTY WUIW YMCNO HECOOTBETCTBUN Ha
equHULLY NMPOAYKUMA N NapTULo.

PacnpeneneHue lNyaccoHa MMeeT ABa BaxHbIX npumeHeHust B CUSUM-aHanuse:

a) aTo pacnpegeneHue aBnsaeTcs npubnuxkeHnem bonee rpomo3akoro BMHOMManNbLHOIO pacnpegeneHns
(cm. 9.6.2), npu Bonblwom n 1 Manom p, Hanpumep n > 20 u p < 0,1;

b) pacnpegeneHne NCNoONbL3yHT CAMOCTOATENBHO, KOTAa crny4vaiHble cobbITUS MPOUCXOOSAT BO BPEMEHM
WMNW NPOCTPaAHCTBE, a HabnaeHuemM ABNSAeTCA KONMMYecTBO COBLITUIA B 3a4aHHOM MHTepBane BPeMeHWU UMK
obbeme.

Ons pacnpenenenus NyaccoHa xapakTepHbl HE3aBUCUMOCTE COBLITUIA M NOCTOAHHAA MHTEHCUBHOCTb UX
peanu3auuy (Npu OTCYTCTBUK cneuuarnbHbIX NPUYKH).

MockonbKy NMOTHOCTL pacnpeneneHus lNyaccoHa (a Takke BMHOMManNbLHOrO pacnpeneneHus) He CUM-
METPUYHA, ONS BbiABNEHWUA CABWra NpoLecca BBepX M BHM3 HeobxoaMmMo UCMNoNb30BaTh pasnu4yHbie npaBuna
NPUHATUSA pelleHus. [NoaTomy ycedeHHasa V-macka B 3TOM criyvae He CUMMETPUYHa, MMEeeT pasfnunyHble 3Ha-
YeHWs YImoBblX KO3 PULMEHTOB 1 MHTEPBANLI PeLUeHUA B BEPXHEN W HKHEN 4YacTsX.

[Ons obecnevyeHUss NPOCTOTLI BLEIYUCIEHWUIA B HEKOTOPLIX CNy4Yasax UCMOMb3YHT annpoKCUMaL Wi 0gHUX
pacnpefgeneHuin apyrumu. Hanpumep, pacnpeneneHue lNyaccoHa u HOpMankHOe pacnpefeneHue Ucnonb3ay-
HOT Kak annpokcumMaunio BUHOMWaNLHOTO pacnpeneneHus, a HopManbHoe pacnpefeneHme — Kak annpoKcu-
MaLuo pacnpefeneHus MNyaccoHa.

B 9.3 1 9.4 3HaveHns ARL ansa gaHHbIX, NOOYUHAOLWMXCA HOPManbHOMY pacnpeferneHuvio, onpegene-
Hbl HA OCHOBE CTaHOAPTHOro HOpManbHOro pacnpeneneHus co cpeaHum 0 U cTaHdapTHbIM OTKNOHEeHWeEM 1.
Ons OuCcKpeTHbIX pacnpegeneHnii Kaxabii napaMmeTp 4omkeH OblTb BIYMCIEH OTAENbHO. [o3ToMy Ons guc-
KPEeTHbIX pacnpefeneHniA pacCMOTpPeHbl TOMbKO CUTyaluuu, CBA3aHHble CO CMeLLleHMeM npouecca BeBepx. B
HacTofllee BpeMs nporpaMMHoe obecneveHune No3BoNgeT pelwlaTtk 3Ty 3agadvy U AN cABura npoLlecca BHU3.

9.6.1.2 O0wme NnpaBuna peleHnin 4Na OUCKPETHbLIX AaHHbIX

CUSUM-cxema ang gUCKpeTHbIX AaHHbIX 0QHO3HAYHO ONpenensaeTcsa BUAOM pacnpeneneHus aHHbIX U
OBYMS NapamMeTpamu: 3HaueHnem nokasartensa K u uHTepeanom npuHaTus pewennin H. MNpu Beibope napame-
TpOB HeobxoO4MMO PYKOBOACTBOBATLCA CMEAYHOLLUM:

a) Paspabotka CUSUM-cxembl BKHOYaeT gBa atana:

1) BeIOOp KOMOWHauumu K n H gna obecneveHuns )KenaTensHOro aHaveHns ARL;

2) onpegeneHne CKOPOCTH MOSIBIIEHWUS CUTHaNa npu pasnuyHbiX CABUrax CpeaHero.

b) S3HauyeHne K oomkHO ObITb BbIOpaHO Ha OCHOBE 3alaHHOTO 3HaYeHUs CpeaHero, KOTOpoe AaeT curHarn.
YnobHbIM 3HaveHeM K SIBNAeTCS 3Ha4YeHne Mexay cpeqHWM cTabunbHoro npolecca u cpeqHvMM HecTabunb-
HOro npoLecca, Ans KOTOPbIX KYMYNATUBHAA CyMMa OOMKHa BbiTb MakCUManbHO YyBCTBUTENLHON. 3Ha4YeHne
K 3aBuCUT OT BWAa pacnpegeneHisa gaHHbIX 1 NPUEMMNEMOro 3Ha4eHna cpegHero.

9.6.1.3 CUSUM-cxembl ONst QUCKPETHbLIX OaHHbIX

Otan 1. Onpegenexve GakTN4ecknx cpeaHen NHTEHCMBHOCTU | M CTaHAAPTHOTO OTKMOHEHWS G

31an 2. Beibop onopHon Unu LeneBon MHTEHCMBHOCTK T. YacTto T = Mo-

3Otan 3. Beibop Hanbonee nogxogsLiero npaeuna NPUHATAA pelleHnid, Ha OCHoBe BbiDopa NpYMEHWMON
cxembl. [NpegnodTuTenbHBIMKM BapraHTamu sensTca cxemel CS1 ¢ ARL He meHee 1000 gns LeneBoro ypoBHs
npouecca unu cxema CS2 ¢ ARL He meHee 200 gns ueneBoro ypoBHA npouecca (cMm. Tabnuuy 18).

3T1an 4. OnpegeneHuve 3HadveHnin H n K:

a) ans BbibpanHoro 3HadeHus T (0,1 £ T £ 25,0) no Tabnuue 18 onpegensawT 3HadeHusa H n K. MNpwu He-
06X0QMMOCTU UCNONb3YIOT NIMHENHYKD MHTEpNONaUMKD Mmexay 3Hadenmnamn T ot 10,0 go 25,0;

b)ecnn T> 25,0, ana onpegeneHua H n K ncnonb3yoT Tabnuusl 9.3 ons HOpManbHOro pacnpefeneHus
¢ 6o =T ;

C) NPUMEHAT HOopMansHoe npubnuxeHue pacnpegeneHus [yaccoHa.

Hanpumep, ecnn T = 25, ansa HOpManbHOW NepeMeHHOW CO CPeaHUM 25 1 CTaHOapTHLIM OTKIOHEHUEM
5 H =24 n K=28. CootBetcTByHLlee 3Ha4veHne ARL npubnunantensHo pasHo 1500. NcTuHHoe 3HadveHne ARL
ONs nepeMeHHon 13 pacnpegenerns MNyaccoHa c H = 24 n K = 28 paBHo 1085. 3To yMeHbLUEHWE 3Ha4YeHns
ARL siBnfieTcs cneacTeBMemM HECUMMETPUYHOCTU pacnpeneneHus MNyaccoHa.
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3Tan 5. NocTpoeHue 1 NnpuMeHeHue V-macku unu Tabnuubi:

a) Ha CUSUM-kapte ctpoat CUSUM-rpacuk pasHocTen (x — T) U UCNonb3ykoT V-mMacky ¢ MHTepBanom
pelwweHua H n yrnoeeiMm koadduuueHTom F (= K— T);

b) ona TabnuyHoro CUSUM chopmupytoT cymmMmy pasHocTel (x — K), oBHynasa ee BCAKUIA pas, Koraa Ha-
KONIMeHHasi cymma CTaHOBWUTCSH oTpuuaTensHoi. MpoeepstoT H Ha Hanuywe curHana o caBure.

Otan 6. OnpegenswT ARL ans BeIGpaHHON cxembl NPW UCCRneayeMblx CABUrax OT HOMUHaNa B COOTBET-
cTBUK ¢ Tabnuuen 20.

lMpumep

3man 2. OnopHas cpedHAss UHMeHcueHocmb T = 4.

Oman 3. Ucnonb3yemasn cxema CS1.

3man 4. B coomeemcmeuu ¢ mabnuueli 190na T=4,00H=8u K =6.

Bman 5 a). Mao6paxarom CUSUM-zpaghuk u npumeHsrom V-macky (H=8, F = 2).

3man 5 b). Pazpabambiearom CUSUM-mabnuust! (H = 8, K = 6).

Oman 6. BeinonHeHue cxeMb! nokazaHo @ mabnuue 18. [lna npouecca Ha uenesom yposHe ARL (ARL ) pa-
eeH 1736. OdHako ARL ymeHbwaemcs Ha 10 dnss uHmeHcusHocmu 6,60.

Ta6bnuya 18— QaHHbie mabnuubi 20, HeobxodumMbie Onsa NpuMepa

H|K|Tm|ARLO|ARL5|1000|500|200|100|50|20|1‘0|5|2

8,0 | 6,00 | 4000 | 1736 | n.=T+38 | 4,160 | 4,380 | 4,710 | 5,000 | 5,300 | 590 | 6,60 | 7,80 | 711,50

9.6.2 BMHOMManNbHbIe AaHHbIe

9.6.2.1 ObLKre nonoxeHus

Bo3moxHa cuTyaumWs, KOrga Kaxabld SNeMeHT OaHHbIX OTHOCWMTCH K OLHOW W3 HECKOMNbKWX KaTeropui.
YacTo kaTeropuin aABe. 1o cnyyai BUHOMManNbHOrO pacrnpefeneHus, Koraa pesynstat 06bIYHO Bblpax)aeTcs
B Buge 0 unm 1 n cootBeTcTBYET paboTtocnocobHoMy/HepaboTocnocobHOMY COCTOAHWMID, NPUBBLINU/YBbITKaM,
HanM4YuI/OTCYTCTBUIO ONpeaeneHHoro CBOMCTRA.

Takue AaHHble Ha3biBakT BUHOMUANBHLIMK AaHHBIMU. MIHOTAa AaHHbIE XapakTepuayoT nonagaHue apy-
rOA KONMWYECTBEHHOW Mepbl B HEKOTOPbLIA MHTEpBan, HanpuMmep TenedoHHbIE NeperoBopbl MOryT BbiTh pas-
[EeneHbl Mo NPOAOMKUTENBHOCTH (MeHee unu Bonee AeCATH MUHYT).

Tabnuya 19 — 3Hauvenns H n K cxem CS1 1 CS2 ana pacnpenenenns [NyaccoHa

LleneBoe 3Ha4eHue Cxema C31 Cxema CS2
T H | K H K
0,100 1,5 0,75 20 0,25
0,125 2,5 0,50 2,5 0,25
0,160 3,0 0,50 2,0 0,50
0,100 1,5 0,75 2,0 0,25
0,125 2,5 0,50 25 0,25
0,160 3,0 0,50 2,0 0,50
0,200 3.5 0,50 25 0,50
0,250 4,0 0,50 3,0 0,50
0,320 3,0 1,00 4,0 0,50
0,400 2.5 1,50 3,0 1,00
0,500 3,0 1,50 2,0 1,50
0,640 3,58 unn 4,0 1,50 2,0 2,00
0,800 5,0 1,50 3,5 1,50
1,000 5,0 2,00 5,0 1,50
1,250 4,0 3,00 50 2,00
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OkoHyaHue mabnuusi 19

LleneBoe 3HaveHne Cxema CS1 Cxema CS2
T H K H K
1,600 5,0 3,00 4,0 3,00
2,000 7,02 unm 8,0 3,00 5,0 3,00
2,500 7,0 4,00 5,0 4,00
3,200 7,0 5,00 5,0 5,00
4,000 8,0 6,00 6,0 6,00
5,000 9,0 7,00 7,0 7,00
6,400 9,0 9,00 9,0 8,00
8,000 9,0 11,00 9,0 10,00
10,000 11,0 13,00 11,0 12,00
15,000 16,0 18,00 11,0 18,00
20,000 20,0 23,00 14,0 23,00
25,000 24,0 28,00 17,0 28,00

MpumedvyaHune 1— Cxeme CS1 0b6bi4HO cooTBeTCTBYHOT 3HaveHuss ARL ot 1000 go 2000 HabntogeHuid. Cxeme
CS2 o0b6bi4Ho cooTBeTCcTBYOT 3Ha4eHnss ARL ot 200 no 400 HabnogeHuWA.

MpumeuvaHnne 2 — 3HadeHun T B uHTepBane ot 1 go 10 BeiGpaHel Takum 06pasom, 4Tobel obecneunTs Gonee
paBHOMepHOe npeacTaBneHue 3HaveHuin napameTpos H u K.

MpumeuvaHune 3— WHtepsan aHadeHuid T ot 10 oo 25 pa3dbuTt Ha paeHble oTpesku (10, 15, 20, 25) ana obecne-
YeHust nHTepnonauuK. NapameTpbl cxem B 3ToM 06nacT MoryT BeITe NOMYyYeHbl C NOMOLLbLIO NIMHEAHON MHTEPRNONALMK
no H v K ¢ okpyrneHuem pesynstarta Ao Luenoro 3HaqeHus. [pu aTom okpyrneHune H v K pekomeHayeTca aenaTb B OAHY
W TY e CTOPOHY.

8 HmkHemy sHauenuio H cootsetcTeyeT ARL, mHoro merblue 1000; sepxHemy aHaueHunio — ARL,; okono 2000.

Ona T <1 pekomeHAyeTCA BLINOMHUTE MacliTabupoBaHve, NOCKCNbKY oTAenbHble HabnwaeHusa cogep-
»aT orpaHnyYeHHoe KonuvecTBo MHdopMaumn. OnpedensioT cpegHee KonMyYecTBo HabMoAeHWI, COOTBETCTBY-
toLmnx ogHoMy cobbiTuio, 1/T. 3TO 3Ha4YeHWe OKPYIMAT 40 LEenoro 3Ha4eHUss U UCMonb3yT B Ka4yecTBe eau-
HULbI macwTaba ropusoHTaneHor ocv CUSUM-kapThl. [1nA BepTUKanbHOW OCK MCNOMB3YOT TOT Xe MacwTab.
Ha ocsix cTaBAT genexHusi, COOTBETCTBYIOLLME LenbiM 3Ha4eHnsam eauHuy macwtaba. Ha BepTukanbHon ocu
OOMKHbI ObITb MPegyCcMOTpeHbl NoNoXMUTENbHasA M oTpULaTensHas o6nacTu U3aMeHeHUs KOHTponMpyemMol Be-
JTIMYMHBI.

Tabnuua 20— 3HaveHns ARL gna CUSUM-cxem (pacnpepenenue lNyaccoHa)

Cxema CS1 Cxema CS2 CpepHee 3HadveHne ARL
& : T ARL, T ARL, | 1000 | 500 | 200 | 100 | 50 | 20 | 10 | 5 | 2
20| 0,25 — — 0,100 | 212 | 0,057 | 0,072 | 0,102 | 0,135 | 0,179 | 0,29 | 0,43 | 0,74 | 1,99
25 ] 0,25 — — 0,125 | 227 | 0,078 | 0,097 | 0,131 | 0,166 | 0,220 | 0,33 | 0,49 | 0,82 | 212
20 | 0,50 — — 0,160 | 230 | 0,095 | 0,121 | 0,168 | 0,220 | 0,280 | 0,42 | 0,59 | 0,91 | 2,09
1,51 0,75 | 0,100 | 1033 — — 0,120 | 0,130 | 0,181 | 0,240 | 0,320 | 0,46 | 0,66 | 0,99 | 2,11

25 ] 050 | 0,125 | 1371 | 0,200 | 278 | 0,138 | 0,167 | 0,220 | 0,280 | 0,350 | 0,49 | 0,68 | 1,05 | 2,32
3,0 | 0,50 | 0,160 | 1609 | 0,250 | 264 | 0,179 | 0,210 | 0,270 | 0,330 | 0,400 | 0,56 | 0,77 | 1,12 | 2,74
3,5 | 0,50 | 0,200 | 1461 — — | 0,220 | 0,250 | 0,310 | 0,370 | 0,440 | 0,60 | 0,84 | 1,31 | 3,02
40| 050 | 0250 | 966 | 0,320 | 271 | 0,250 | 0,280 | 0,340 | 0,400 | 0,470 | 0,65 | 0,91 | 1,41 | 3,37
30| 100 ) 0320|1174 | 0,400 | 446 | 0,330 | 0,390 | 0,480 | 0,570 | 0,690 | 0,91 [ 1,17 | 1,63 | 3,08
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Cxema CS1 Cxema CS2 CpegHee 3Ha4eHne ARL
i : T ARL, T ARL, 1000 500 200 100 50 20 10 5 2
20 ] 1,50 — o 0,500 | 260 | 0,360 | 0,420 | 0,540 | 0,640 | 0,780 | 1,04 | 1,32 | 1,78 | 3,17
251 1,50 | 0,400 | 1103 — - 0,410 | 0,490 | 0,610 | 0,730 | 0,890 | 1,15 | 1,46 | 1,93 | 3,37
20| 2,00 — — 0,640 | 221 | 0,420 | 0,510 | 0,650 | 0,790 | 0,970 | 1,27 | 1,68 | 2,09 | 3,44
30 1,50 | 0,500 | 1475 — - 0,540 | 0,620 | 0,740 | 0,860 | 1,010 | 1,28 | 1,60 | 2,12 | 3,85
3,5 | 1,650 | 0,640 | 833 | 0,800 | 249 | 0,620 | 0,700 | 0,830 | 0,950 | 1,100 | 1,38 | 1,70 | 2,26 | 3,74
40 1,50 | 0,640 | 1843 — — | 0,700 | 0,790 | 0,920 | 1,040 | 1,190 | 1,47 | 1,81 | 2,38 | 4,44
501 1,50 [ 0,800 | 1439 | 1,000 | 274 | 0,840 | 0,920 | 1,040 | 1,160 | 1,310 | 1,60 | 1,95 | 2,64 | 5,25
50| 2,00 | 1,000 | 1904 | 1,250 | 259 | 1,090 | 1,190 | 1,350 | 1,500 | 1,680 | 2,00 | 2,37 | 3,09 | 5,90
40| 3,00 | 1,250 | 1867 | 1,600 | 354 | 1,380 | 1,530 | 1,750 | 1,950 | 2,200 | 2,61 | 3,04 | 3,76 | 6,35
501 3,00 [ 1,600 | 1118 | 2,000 | 188 | 1,640 | 1,770 | 1,940 | 2,180 | 2,420 | 2,83 | 3,29 | 4,07 | 6,60
7,01 3,00 | 2,000 | 894 — — 1,980 | 2,110 | 2,310 | 2,490 | 2,710 | 3,09 | 3,57 | 4,59 | 7,55
8,0 | 3,00 | 2,000 | 1927 — - 2110 | 2,330 | 2,430 | 2,600 | 2,810 | 3,23 | 3,78 | 4,80 | 8,40
50| 4,00 — — 2,500 | 300 | 2,170 | 2,350 | 2,600 | 2,870 | 3,160 | 3,63 | 4,16 | 5,00 | 7,60
701 4,00 | 2,500 | 1761 — — | 2,620 | 2,800 | 3,050 | 3,260 | 3,450 | 3,99 | 4,53 | 5,60 | 8,85
50| 5,00 — — 3,200 | 245 | 2,730 | 2,940 | 3,270 | 3,560 | 3,890 | 4,45 | 5,00 | 6,00 | 8,50
70| 500 | 3,200 | 1318 — — | 3,280 | 3,480 | 3,780 | 4,030 | 4,320 | 4,88 | 5,50 | 6,50 | 9,80
6,0 | 6,00 — — 4,000 | 373 | 3,640 | 3,880 | 4,240 | 5,550 | 4,930 | 5,50 | 6,20 | 7,20 [ 10,40
80 ] 6,00 | 4000 | 1736 —_ — | 4,160 | 4,380 | 4,710 | 5,000 | 5,300 | 5,90 | 6,60 | 7,80 | 11,50
70| 7,00 — — 5,000 | 348 | 4,600 | 4,840 | 5,200 | 5,600 | 5,900 | 6,60 | 7,30 | 8,50 | 11,60
9,0 | 7,00 | 5,000 | 1268 — — | 5,100 | 5,300 | 5,700 | 6,000 | 6,400 | 6,90 | 7,70 | 9,10 | 13,50
9,0 | 8,00 — — 6,400 | 226 | 5,800 | 6,100 | 6,500 | 6,800 | 7,200 | 7,90 | 8,60 | 10,00| 14,20
9,0 | 9,00 | 6,400 | 1351 — — | 6,500 | 6,800 | 7,200 | 7,600 | 8,100 | 8,80 | 9,60 | 11,10 | 15,20
9,0 | 10,00 — — 8,000 { 213 | 7,200 | 7,600 | 8,000 | 8,400 | 8,900 | 9,70 | 10,50 11,90 | 16,20
9,0 | 11,00 | 8,000 | 946 — — 8,000 | 8,300 | 8,800 | 9,300 | 9,800 | 10,50 11,40] 13,00 | 16,40
11,01 12,00 — - 10,000 234 | 9,300 | 9,600 [10,100|10,500( 11,000 11,90 12,80 14,60 19,80
11,0 13,00 (10,000 1 052 — — 110,000 | 10,400 | 11,000 11,400 | 11,900 [ 12,70 | 13,70 | 15,50 | 20,30
11,0 | 18,00 — — 15,000 214 | 13,900 | 14,300 | 15,100|15,600( 16,300 (17,40 | 18,50 | 20,40 | 25,90
16,0 18,00 (15,000 | 1 289 — — | 15,100 | 15,500 | 16,100|16,500| 17,200 | 18,20 | 19,40 | 21,70 | 29,10
14,01 23,00 — — |[20,000| 215 | 18,800 | 19,300 | 20,100]20,700| 21,400 | 22,60 | 24,00 | 26,20 | 32,90
20,0 23,00 | 20,000| 1140 — — | 20,100 | 20,500 | 21,100]21,700| 22,300 | 23,50 | 24,90 | 27,60 | 36,80
17,0 | 28,00 — — 125,000| 222 | 23,700 | 24,300 | 25,100] 25,800 26,500 | 27,80 | 29,30 | 31,90 | 40,00
24,01 28,00 | 25,000| 1085 — — | 25,100 | 25,500 | 26,200] 26,700 | 27,400 | 28,70 | 30,40 | 33,50 | 44,90
Mpumedanmne — Tabnuua OTHOCUTCH K cABUram cpegHero BBEPX.

Ycnosus, NMPW BbINOJTHEHWKX KOTOPbIX daHHbIE MOTYT BbITb OTHECEHbI K GMHOMVIaJ'IbHOMy pacnpeneneHunio:
a) CbI/IKCMpOBaHHOE KONMM4eCTBO nNpeaBapuvTeribHbIX OaHHbIX 1]

b) B KaXaom npeasapuvTeribHOM HaGJ'II-O}J,E,‘HMVI BO3MOXHbI NULLb OABa NCXoaa;

C) pe3ynkraTtbl HaﬁﬂlO,D,eHMl:’! HE3aBUCUMBbI;
d) B KaXOom npeaeapuTeribHOM HaGJ'HO,EI,E.‘HMVI BEPOATHOCTb «yCnexa» P NOCTOAHHAA,

e) I'IEpEME.‘HHOﬁ ABNAeTCA 06L|.|,ee KOINMU4eCTBO «yCNexoe» B n HaGJ'II'O,EleHMFiX.

BuHomMManbHoOe pacnpegeneHne ABndeTcA O4eHb rpoOMO3OKMM O5A BbIYMCIIEHNH, no3aToMy AnA BblHUC-
neHna ARL wn Kputepues NMpPUHATUA peLLIEHI/Iﬁ MOryT BbITb MCNONb30OBaHbI annpokcnmaummn BUHOMMANBHOMO
pacnpegeneHnda apyruMin pacnpegeneHmnamn.
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13-3a BonbLuoro Avana3oHa BO3MOXHbLIX 3HAYEHWA NapaMeTpoB BUHOMKWANbBHOTO pacnpeneneHus n (3Ha-
YeHue /1, Kak NpaBumo, cBs3aHo ¢ 0bbemom BbIBOpKW) 1 p (3Ha4YeHWe p npeacTaenseT cobon Jon obbeKToB,
obnagawLux uccnegyemMbiM ansTepHaTUBHLIM NMPU3HAKOM) COCTaBneHre Tabnuy aAns Bcex BO3MOXHbBIX KOMBU-
Hauun 3aTpyaHuTensHo. OgHAKo BO MHOTUX CMy4Yasx MOryT DbITb NpuUMeHeHbl NpUBbNuKeHHbIe Npouenyphbl:

- Cutyaums 1. T < 0,1 (T. e. ueneBoe UNKM onopHoe 3HavyeHne Huxke 10 %), MCNONb3YHT COOTBETCTBYHO-
lwyto cxemy aons pacnpegenenus lNyaccoHa c T = np.

- Cutyaums 2. T > 20 (1. e. cpegHee KonnM4ecTBo «CcobbITMIA» Ha BbIBOPKY B LENeBbIX YCNOBUSX NpeBbi-
waet 20), LCNoNb3YT COOTBETCTBYIOLLYIO CXEMY AN HOPMAnbHOIO pacnpeseneHus.

9.6.2.2 Cutyauua 1: T< 0,1

B naHHOM crnyyae MCNonb3yT annpokcuMmauuio BMHoMUansHoro pacnpegeneHns pacnpegenedunem My-
accoHa. MoxeT ObITb NPUMEHUM MeTo, YCTaHoBNeHHbIM B 9.6.1.3, ana T = np. Wcnonb3oBaHue pacnpegene-
Hus [MyaccoHa Bcerga gaet 3HadeHve ARL meHblue, Yem ucrnonb3oBaHve BUHOMWaNbHOrO pacnpeaeneHus.
OpHako npu CyLUecTBeHHbIX OTKIIOHEHUAX OT LeneBbix yCcroBuin sHaveHns ARL 6ninskn opyr k gpyry.

lMpumep

3man 2. lMycmb n = 20 u p = 0,025. Takum ob6pazom, np=0,5u T=0,5.

9man 3. Ucnonb3osaHa cxema CS1.

9man 4. B coomeemcmeuu ¢ mabnuueli 190naT=0,5 H=3uK=1,5.

Oman 5 a). Cmposam CUSUM-zpaghuk, pazpabameiearom u npumeHsirom V-macky (H =3, F=1,0).

3man 5 b). Pazpabamsiearom CUSUM-ma6nuuy (H = 3, K = 1,5).

Oman 6. BeIinonHeHue cxeMsl NokazaHo e mabnuue 21. Ecnu npouyecc pabomaem Ha yenesom ypoeHe, ARL
(ARL,) pasHo 1475. Odnako ARL cnuxaemcsa Ha 10, ecnu uHmeHcueHocme nosbiwaemcs do 1,60, m. e. p = 0,080.

Ta6nuuya 21— HQanHble mabnuys! 20, Heobxodumsie Onsa npumMepa

H|K|T|ARL0|ARLs|1000|500|200|100|50|20|10|5|2

3,0 | 1,50 | 0,500 | 1475 | pn=T+5 | 0,540 | 0,620 | 0,740 | 0,860 | 1,070 | 1,28 1,60 | 2,12 | 3,85

9.6.2.3 Cutyauna 2: T > 20

B cutyaumum 2 BeibupaloT nogxogsily napy napameTpos h, f, Hanpumep, 5 u 0,5, ona cooTBeTCTBYHO-
Lwen HopManbHoi nepemeHHon. CUSUM-napameTtpbl ans 6MHOMManeHoOro pacnpegeneHus onpeaensiT no
cnegyowmm popMynam:

H = h,/nT(1 - T) C OKpyrneHnem H o bnwxanwero Lenoro 4yicna.

K=nT+ [f nT(1- T)] c okpyrnexnem K oo 6nvxaiiluero Lenoro Yncna.

F= f,/nT(‘I = T) C OKpyrneHuem F go Gnvxawiwero Lenoro 4Yuicna.
Mpumep

Iman 2. Mycmen=80uT=03 h=5uf=0,5.

dman 4. H=h/nT(1-T)=5,80.0,3(1-0,3) ~ 20

K =nT+[fJnT(1-T)|=(80.0,3)+[0,5,/800,3(1-0,3)] - 26
F=fJnT(1-T)=[0,5,/80.0,3(1-0,3)| = 2

9man 5 a). Mpaghuyeckoe npedcmasneHue KymynamusHol cyMMbl, pazpabomka u npumeHeHue V-macku
(H=20 F=2).

9man 5 b). Pazpabomka CUSUM-ma6nuusi (H = 20, K = 26).

Oman 6. Ecnu npouecc Haxodumcs Ha uenesom ypoeHe, ARL (ARL ;) pasHa npubnusumensHo 930. OdHako
ARL ymeHbwumcs npubnu3zumensHo Ha 10, ecnu p yeenuyumcs do 0,35.
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FOCT P UCO 7870-4—2023

MpunoxeHune A
(cnpaBo4yHoe)

Mpumep TabnuuHoi hopmbl CUSUM

CpegHee 35 1 cTaHgapTHoe OTKMoHeHWe 6 Bbiny nonyyeHsl No NpeabAyLLUM aHHBIM U UCNOMb30BaHb! B Ka4eCTBe
napameTpoB Ans kaptel Wyxapta 1 CUSUM-kapTel. YcTaHOBNEHO LieneBoe 3Ha4veHue 35.

CobpaHel gaHHble 3a gBaguate JeTolpe gHs: 25,8; 33,4; 31,6; 26,0; 36,4; 33,0; 35,8; 41,8; 44,2; 37,2; 35,0; 41,8;
33,4; 38,4; 30,2; 33,8; 42,6; 39,6; 32,0; 48 ,4; 44,6; 43,0; 40,8 n 50,6.

Kapta LWyxapTta nokasaHa Ha pucyHke A.1. C nomoLubio cTaHOapTHbIX KpuTepueB KapTbl LWyxapTa He BbisiBrieHo
HWUKaKNX CUrHanos.

55
50

/_
* /\ R N /\L
Iy \ VAL /LN
AT A AR

20

15 >
1 3 8 7 9 11 13 16 17 19 21 23 X

X — peHb; Y — Habniogaemoe 3HadeHne
Pucyrok A.1 — Kapta WyxapTta gna cpegHero

CUSUM-rpadhuk gaHHbIx nokazaH Ha pucyHke A.2. OH nokasblBaeT «CuUrHan» B ABaAuaTth YeTBepThld AeHb. Kapta
LWyxapTta Ha pucyHke A.1 He oBHapyXWUBaeT 3TO U3MEHEHME.
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100 —

50
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1 3 56 7 9 11 13 15 17 19 21 23 X
X — OeHb; Y — KyMynaTMBHAA cymMma; T — LeneBoe 3HavYeHue
PucyHok A.2 — CUSUM-rpaduk n V-macka ans cpegHero

TabnuyHas Bepcus aton CUSUM-kapTel npuBegeHa B Tabnvue A.1.
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rOCT P NCO 7870-4—2023

Tadtnuua A.1— CUSUM-tabnuua ons cpegHnx

(1 (2) (3) 4) (5) (6) (7) (8)
ek Cpe””e(ifa AEHE | g ToF Cﬁﬂﬁfa Homep «Hi» | (x=T+F) | Cymma «Lo» | Homep «Lo»

0 15,0 0 -15,0 0
1 25,8 -12,2 2,8 1 -6,2 -21,2 1

2 33,4 -4.6 0,0 0 1.4 -19,8 2
3 31,6 -6.,4 0,0 0 -0,4 -20,2 3
4 26,0 -12,0 0,0 0 -6,0 -26,2 4
5 36,4 -1,6 0,0 0 4.4 -21,8 5
6 33,0 -5,0 0,0 0 1.0 -20,8 6
7 35,8 2,2 0,0 0 3.8 -17.,0 7
8 41,8 3.8 3,8 1 9.8 ~7,2 8
9 44,2 6,2 10,0 2 12,2 0,0 0
10 37,2 -0,8 9,2 3 5,2 0,0 0
11 35,0 -3,0 6,2 4 3.0 0,0 0
12 41,8 3.8 10,0 5 9.8 0,0 0
13 33,4 -4.6 54 6 1.4 0,0 0
14 38,4 0,4 5,8 7 6,4 0,0 0
15 30,2 -7.8 0.0 0 -1,8 -1.8 1

16 33,8 -4,2 0,0 0 1,8 0,0 0
17 42,6 4.6 4.6 1 10,6 0,0 0
18 39,6 1,6 6,2 2 7.6 0,0 0
19 32,0 -6,0 0,2 3 0,0 0,0 0
20 48,4 10,4 10,6 4 16,4 0,0 0
21 446 6.6 1572 5 12,6 0,0 0
22 43,0 5,0 22.2 6 11,0 0,0 0
23 40,8 2.8 25,0 7 8,8 0,0 0
24 50,6 12,6 37,6 8 18,6 0,0 0

Mpumeuvyanune — T=357=0,5s; h="5s.

B aton CUSUM-Tabnuue ucnone3oeaHa «beicTpan HadaneHaa peakuusa Ha casur» (FIR), Takvm obpasom, Hayans-
Hoe 3HadeHue nomelleHo B «[eHb 0», B KonoHkn «Cymma Hi» n «Cymma Lo». 31K 3Ha4eHus paBHbl +2,5s5 n —2,5s cooT-
BETCTBEHHO, TO ecTb +15,0 n —15,0. AnanornyHo, 0 nomelleH B konoHkn «Homep Hi» n «Homep Lo» B cTpoke «[eHs O».
Takum obpazom, h = 5s, rpaHuupl curdana coctaenaT +30 n =30 COOTBETCTBEHHO.

3HaveHune ana «[Hs 1» paBHo 25,8. BeluncneHns aAns KonoHkw (3) cnegyrouime:

258-35-3=-122.

3HaveHue (—12,2) npubaenaioT kK npegblgywemy sHadeHunio 15,0 B konoHke «Cymma Hin (-12,2 + 15,0 = 2,8). Tak
Kak 2,8 nonoxuMTensbHO, K NpeabiayLlemy 3HadyeHunto konoHku «Homep Hi» gobaenstot eanHuuy. HoBoe 3HauyeHue B KOMOH-
ke «Homep Hi» paBHo 1.

BeluncneHus ana ctondua (6)

25,8-35+3=-6,2.

3HaveHue (—6,2) npubaBnaT K NpedblaylleMy 3HadyeHnio konoHku «Cymma Lox» (—15,0) u nonyyatot (-21,2). Tak
Kak (—21,2) oTpuuatensHo, AobaenaoT 1 K NpenbiayLemMy 3Ha4yeHuto B konoHke «Homep Loy, T. e. kK Hymto. Hoebili «Homep
Lo» paBeH 1.
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FOCT P UCO 7870-4—2023

[nsA BbIMMCNEHWI pekoMeHAYeTCs UCMONb30BaTk KOMMNbIOTEP.

CpegHee 3a «[deHb 2» coctaBuno 33,4. BeluncneHua ana ctonbua (3) cneayrowme:

334-35-3=-46.

3HadeHue (—4,6) nobaBnalT K npegblayLlemy 3HadeHuo (2,8) konoHkn «Cymma Hi», B pesynsrarte nony4yaioTt (—1,8).
Tak Kak 370 3Ha4YeHne oTpuuaTenbHo, 3HadeHne B KornoHke «Cymma Hi» namensioT Ha 0, «Homep Hiy Takke U3MEHSIIOT Ha
0, T e. gnaA aton ctopoHbl CUSUM-kapTbl CHMTAIOTCA TOMBKO NONOXUTENbHble 3HadeHns CUSUM.

BblvmcneHus ana ctonbua (6)

334-35+3=14.

3HadeHve 1,4 npubaBnsaioT K npedblaywemMy 3Hadenuto (-21,2) B konoHke «Cymma Hi», nonydatot (-19,8). lNo-
ckorneky (—19,8) oTpuuaTtensHo, K NpegbiayLllemy 3Ha4YeHno KonoHku «Homep Lo» npubaensioT 1 (3HaueHWe B KONMOHKe
«Homep Lo» paBHO 2).

ATy npouedypy NPOAOMXAKT A0 Tex Mop, Noka 3HaveHue B KomoHkax «Cymma Hi» unn «Cymma Lo» He npeBbicuT
3HaveHKne h (30 unn —30 B gaHHOM NpumMepe). 3TO NpoUCXoOuT Ha 24-11 feHb, korga «Cymma Hi» npuHuMaeT 3HaveHune 37,6.

AHanu3 Toro, KOraa Npow3oLlen CABWUM, WM ONPEeAeneHne ero BEMWYUHBLI MOryT BbiTh BbINOMHEHBI NO Tabnuue. M3
Tabnuubl A.1 BuaHo, 4to «Cymma Hi» n «Cymma Lo» ymeHbLIAOTCA 0OCTATOMHO BLICTPO, ecny ypoBeHb npoLlecca Haxo-
antca Bbnuan ueneBoro 3HadeHun. Ecnuv ato He Tak, 1o 06biuHO «Cymma Hi» 1 «Cymma Lo» gawoTt curHan ob nameHeHun
npouecca.

B naHHom npumepe curHan gaet «Cymma Hi». MNpu atom «Homep Hi» paeeH 8. 3710 03Ha4aeT, YTo U3MEHEHWE NMpo-
usowrno mexagy 16-m n 17-m gHeM. OueHka casura B npegnonoxeHuun otcytcteus FIR paBHa

£y Cymma H.I.

Homep Hi

Ecnu BoISIBNEHHbIA COBMM OTpULIATENEH, OLEHKA paBHa:
F Cymma Lo

Homep Lo~

Tak kak «Cymma Hi» npeBbicuna sHadeHune h = 30, oueHka casura
FrdMA Lo BTE_ oo
Homep Hi 8

MpumeuyaHue — lMocnegHue BOCEMb 3HAYEHUI UCXOOHBIX AaHHBIX CMELLEHbI BBEPX NMPUBMNU3NTENBHO HA 0QHO
cTaHOapTHOE OTKMOHEHMe, T. e. Ha 6 eguHuy. Takum oBpasom, KyMynNaATUBHAA CyMMa BbISBMNA MECTO CABWUTa M NO3BONuUna
OLEeHNTb ero BenuyuHy (7,7), KoTopasi HeCyLLeCTBEHHO OTNMYaeTca oT 6.

Ha pucyHke A.3 npegctaened CUSUM-rpaduk, COOTBETCTBYOLWMIA Tabnuue.

y
Y

40

30 , Ug, =30

20 ,/J

10

05 T

-30 LCL=_:3D
1 3 5 7 9 11 13 15 17 19 21 23 X

X — peHb; Y — KymynaTueHas cymma; T — uenesoe 3HadeHve (T =0)

PucyHok A.3 — CUSUM-rpachuk, cooTBeTcTByHOWMA Tabnuue A.1
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rOCT P NCO 7870-4—2023

MpunoxeHune B
(cnpaBo4Hoe)

OnpeneneHne TOYKU M3MEHEHUN

CTabunbHOCTL (HECTabUNbHOCTL) NpoLecca MOXET ObiTb ONpeaerneHa Nno KOHTPOMbHLIM KapTam Mpu UCMonb30Ba-
HUKM onpedeneHHbIX KpUTEPUER, HO KOHTPOIbHLIE KApThl HE MOTYT BbISIBUTL HECTYYalHYH MPUYMHY U3MEHYMBOCTU Npo-
uecca. OgHako aHanua npedblgyLimx rpaukoB Ha KOHTPOMBHBIX KapTax MOXeT AaTe MHOopMaUMo AN MoMcka Hecny-
YaHbIX MPUYUH. ITY BEXKHYIO 32034y BbINOMHAET OLEHKA TOYKM U3MEHEHUS.

B cnyvae nameHeHWs cpedHero npouecca [(f), TOUKY M3MEeHEHUA MOXHO ONCaTb CUCTEMOA YpaBHEHMIA:

T (b=t}
T+8 (¢ =T+1,...)l

CUSUM-kapTa o6nagaeTt BO3MOXHOCTbIO ornpedeneHus TOUKU N3MeHeHWs npouecca. Tovka n3amMeHeHusa — 370 Mo-
MeHT BpemMeHu, korga CUSUM-rpadhmk BeIXOAWT 3a rpaHuLbl V-mMacku, kak nokasaHo Ha pucyHke B.1.

C — KyMYNATWBHAA CYyMMa; | — HOMEpP TOYKW; [ — TOYKa U3MEHEHUS

Pucynok B.1 — OnpegeneHuve TOHKU M3MEHEHWS NPU UCMNONb30BaHUK V-Macku

Ha pucyHke B.2 nokasaHo onpefeneHue Todku uameHeHusa no CUSUM-kapTe npu mcnonb3oBaHuM cxembl CS1
(h=10,5,f=0,5). CnegyeT y4uThiBaTb OLUMOKY NepBOro poga, NOCKONbLKY M3MEHEHUSA onpedensoT TOMbKO Nnocre Toro, Kak
KapTa BblABNAET curHan ob namexeHun npouecca. [oatomy pacnpegeneHve, npeacTasneHHoe Ha pucyHke B.2, nonyyvexo
npv yCrnoBWM OTCYTCTBMA owWKnBKKM Nnepeoro poda.

PacnpegeneHve aBnseTcs YHUMOAAMbHLIM, M €r0 MoAda yKa3sblBAeT Ha UCTUHHYK TOYKY MaMeHeHns T = 10. Hecmo-
TPA Ha To, YTO BEMMYMHA GABMIa Heeenuka (cMm. pucyHok B.2) n coctasnseT & = 1,0 6, = A, Takoi Noaxoa NpeanoqTUTENEH.
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P
0,3
0,2
0,1
. e, \
0 5 10 15 20 25 30 =

MpumeuvaHne — [AnaycedeHHon V-mackm ¢ napametpamm h=5,0,f=05,A=10n1t=10.

PucyHok B.2 — PacnpegeneHue To4ku M3aMeHeHUa npouecca npu ncnons3oBaHun CUSUM-kapTel
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rOCT P NCO 7870-4—2023

Mpunoxenue OA
(cnpaBo4Hoe)

CBEAEHMH O COOTBETCTBMW CCbINOYHbIX MeXAYHapOoaAHbIX CTAaHAAPTOB HaUWOHAlNbHBIM CTaHOaApPTaM

Tabnuuya JAA

O6o3Ha4eHWe CChINOYHOro CreneHs OB6o3Ha4eHne U HaMMeHoBaHWe
MexayHapoaHOro cTaHaapTa COOTBETCTBUS COOTBETCTBYHOLLEro HALMOHANBHOrO CTaHgapTa
ISO 3534-1 IDT [OCT P NCO 3534-1—2019 «Ctatuctnyeckme metodbl. Crnoeapb M

ycrnoBHbele obo3HaveHuna. Yacte 1. OBwue crtaTucTUYEcKMe TEPMUHBI U
TEPMMHbI, UCMOMNb3yeMble B TEOPUM BEPOATHOCTEN»

ISO 3534-2 IDT [OCT P UCO 3534-2—2019 «Cratnctnyeckne metogel. Cnoeaps v yc-

NoBHbIe 0603Ha4YeHus. YacTe 2. MNpuknagHasa ctaTUcTuKar

MMpnmeyvyaHune — B HacTosAwen Tabnuue UCnonbL30BaHO crneaytoulee ycrnoBHoe o603HayveHne cTeneHn cooT-
BETCTBMA CTaHOAPTOB:
- IDT — MOeHTU4HbIE CTaHOAPThI.

(1

(2]
(3]
(4]
(5]
(6]
[7]
(8]
9]

[10]

(1]

[12]
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