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Mpeancnoeue

1 MOOIMOTOBIEH 3akpbIThiM akuuoHepHbIM 06 ecTBOM «HayuHo-MccneqoBaTenbLCKUN LLEHTP KOHTPO-
N U OMarHocTuku TexHudeckmnx cuctem» (BAO «HWL KO ») Ha ocHoBe coBCTBEHHOro neperofa Ha PYCCKUM
A3bIK aHIMOSA3bIYHOW BEPCUMM CTaHAapTa, YKa3aHHOro B NyHkTe 4

2 BHECEH TexHu4eckum koMuTeTOM no cTtaHaaptusauum TK 125 «[puMeHeHne cTaTUCTUYEeCKUX
MeToa0B»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perynnpoBaHnio u MmetTponorumn ot 27 ceHtabpa 2023 r. Ne 967-ct1

4 Hactodwmin ctaHgapT ugeHTudeH mexayHapogHomy ctaHgapTy MCO 7870-9:2020 «KoHTponbHble
kapTel. YacTb 9. KoHTponbHbIE KapThl ANg cTauuMoHapHbIx npoueccosy (ISO 7870-9:2020 «Control charts —
Part 9: Control charts for stationary processes», IDT).

MexaoyHapoaHeli cTaHgapTt paspaboraH TexHudeckum komuteTtom TK 69 MexayHapooHoW opraHusa-
uum no ctaHgaptusauun (MCO).

HavmeHoBaHWe HacTosWero cTaHgapTa MU3MeHEHO OTHOCUTENIbHO HaUMEHOBaHUA YKa3aHHOIo Mexay-
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 BBE[OEH BIEPBbIE

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 nybrukyemcs e exez00HOM (10 COCMOSHUK Ha 1 AHeaps meKyuwieao
e2o0a) uHghopMayuoOHHOM yKazamerne «HayuoHanbHble cmaHOapmebi», a oguyuanbHbil MeKcm usMeHeHul
U MONPasoKk — 8 eXeMeCcsyHOM UHGOPMaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
nepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmayouwiee ygedomneHue bydem
onybnukogaHo 8 6ruxaliweM 6bINycke eXeMecsYHo20 UHGOoPMayUuOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomsemcemaeyioujas UHGopMmayus, yeedoMeHUe U MeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHOU cucmeme obueao nofib3o8aHus — Ha oguluansHoM calime QedepanbHo20 azeHmemea no
MexXHUYEeCKOMY peaynuposaHuro U Memponoauu 8 cemu MiHmepHem (www.rst.gov.ru)

© 1S0, 2020
© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayuny», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NnpoCcTpaHeH B Ka4vecTBe ocbmu,uaanoro n3gaHus tes pas3pelieHna dJe,qepaanoro dreHTCTBa no TexHu4de-
CKOMY perynmnpoeaHu N MeTponornn
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BeegeHue

MeTtogkl cTatucTudeckoro ynpaeneHus npoueccamu (SPC) WKMpoKo MCNONb3YHT B NPOMBILLNIEHHOCTH
OIS MOHWTOPWHIA NPOLECCOB W NOBLILLIEHUS KAYeCTBa NpoayKuuu. [1ng MOHUTOpUHra CpenHero U U3MeH4YMBO-
CTK npouecca paspaboTaHbl pasnuyHbie CTaTUCTUYECKUE KOHTPOMNbHbIE KapThl. TpaauunoHHas MeToaonorus
SPC ocHoBaHa Ha hyHAaMeHTanbHOM NPEeanonoXeHUn, YTO faHHble NpoLecca CTaTUCTUYECKN He3aBUCUMBI.
OaHako 270 NpeanonoXeHWe He Beerga BbiNonHaeTcsd. B oTpacnax HenpepbIBHOrO NPOM3BOACTBA, TAKUX Kak
XUMWYECKOe NPOU3BOACTBO, Donbluas YacTb AaHHbLIX O XapakTepUCTUKaX KavyecTBa KOPpenupoBaHbl BO Bpe-
MeHU WUMK1 aBTOKOPPENWpoBaHbIl. B oblem cnyyae aBTOKOppensauus MoXeT ObiTe Bbli3aBaHa 0CcOBEHHOCTAMMU
CUCTEMbI U3MEPEHUN, AMHAMUWKNA NpoLecca Unu U Tem, u ApyruMm. Bo mHorux cnyyaax gaHHbIe MOTYT JEMOH-
cTpupoBaTb gpeid npouecca. B 6uonorun cnydaiHbie BUonorMdeckMe M3mMeHeHWs, HanpuMep cryYaiHbIi
BCMMECK CeKkpeunn Kakoro-nubo BellecTBa, BAWSIOLLEr0 Ha KPOBSHOE faBneHue, MOryT UMEeTb YCTONYMBLINA
3heKT, TO ecTb HA HECKONbKO NocnefoBaTerNbHbIX U3MEPEHUI BIWUSET OOHO U TO Xe CryYyanHoe sIBMeHue.
Mpu cbope oaHHbIX, Korga nHTepean otbopa BeIBOPKM HEBENUK, aBTOKOPPEenALUMs, 0COBEHHO NONoXUTENbLHAA
aBTOKOPpPENnsAuusa AaHHbIX, TpebyeT uaydyeHus. B Takux ycrnoeuax TpaguumnoHHele npouenypsl SPC He nogxo-
OAT Ana MOHWUTOPUHIA, KOHTPOISA W yNy4lleHusl KayecTBa npolecca.

ABTOKOppENMpOBaHHbIE NMPOLEcChl MOXHO pa3genuTb Ha [iBa BUOA: CTaUMOHapHbIe U HecTaLMoHapHbIe.

1) CraumoHapHbIi Mpouecc — NpsiMoe NpogoSbKeHne He3aBUMCUMON M OQMHAKOBO pacnpegeneHHol no-
cnegoBaTenbHOCTU. ABTOKOPPENMPOBaHHbLIA NPOoLece ABNSeTCs CTalMoHAapHbLIM, eClii OH HaxoguTCsl B COCTO-
SAHMWM «CTAaTUCTUYECKOE PaBHOBECKME». JTO 03HAYAET, YTO M3MEHUYMBOCTL NPOLECCA HE MEHSETCH CO Bpeme-
HeM. B yacTHOCTK, CTaUMOHAPHLIA NpoLecc BCeraa UMeeT UOEHTUYHbLIE CPedHMUe U OUCNEPCUK.

2) HecTtauuoHapHbIi npoLecc.

MoapobHas MHpopMaLmMs O cry4aiHoOM NpoLecce ¥ BpeMEeHHbIX paaax npuBegeHa B NpUnoxeHumn A.

[nAa y4yeTa aBTOKOppeMpOBaHHbIX AaHHbIX pa3paboTaHbl HekoTopele MeTogonorun SPC. B ocHOBHOM,
cylwecTByeT ABa noaxoda. MepBbli MOAXOS 3aKMYaeTcsl B UCMNOMb30BaHUM KapT OCTaTKOB npouecca nocrne
noabopa Mmogenu BpeMeHHbIX PALOB UMW OPYTroin MatemMaTuYecko MOLENU, COOTBETCTBYOLEN AaHHbIM. [py-
roin, Bonee NpsiIMOA NoOAXon COCTOMT B M3MEHEHWU CYLLECTBYHOLLWX KapT, HanpuMep NyTeM KOPPEKTUPOBKU
KOHTPOMbHbIX rPaH1L, Ha OCHOBE JaHHbIX 06 aBTOKOppenauuM npouecca.

Llenbio HacTosLLero cTaHgapTa SiIBNAETCS ONUCaHue OCHOBHbIX KOHTPOSbHbLIX KapT yrnpaBneHus rnpouec-
COM AJ11 MOHWUTOPUWHIa cpeaHero 1 gucnepcuy aBTOKOPpPennMpoBaHHOMo npoLecca.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

CraTucTUYECKUE METOObI
KOHTPOINbHbIE KAPTbI
Yacte 9
KoHTpornbHble KapTbl ANA CTauMOHaPHbIX NpoLeccoB

Statistical methods.
Control charts.
Part 9. Control charts for stationary processes

Data Beepenus — 2024—03—01

1 O6bnacTb npuMeHeHus

HacTtosawmin CTaHOapT onucbiBaeT NOCTPOeHWe U NMpuMeHeHUe KOHTPOJbHbBIX KapT OA CTauMOHapPHBbIX
npoueccos.

2 HopmaTuBHbIe CCbINKK

B HacToswWwem cTaHgapTe UCNonb3oBaHa HOpMaTUBHASA CChIfIKa Ha cnegylLwuin ctaHaapT [Ansa gatupo-
BaHHOW CChINKN NMPUMEHSAIOT TOMNbKO YKa3aHHOe M3gaHue CChiNOYHOro cTaHaapTa, And HegaTtupoBaHHOW — Mo-
cnegHee nsgaHuwe (BKIOYasa Bce UaMeHeHus)]:

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics (Ctatuctuka. Cnoeapb 1
ycrioBHble obo3HaveHns. Yacte 2. MNpuknagHaa ctaTtucTrka)

3 TepMuHBbI, onpeaeneHus, 0603Ha4YeHUA U COKpalleHunA

3.1 TepMUHBI U onpeaeneHUn

B HacTosAwemM cTaHgapTe npuMeHeHbl TepMuHbl o MCO 3534-2, a Takke cnegyrwline TEPMUHbBI C COOT-
BETCTBYHOLLUMMM ONpeaeneHnamu.

NCO n M3K BegyT TepMuHonornyeckue 6asbl GaHHbIX 4MS UCNONb30BaHUS B obrnacTu cTaHAapTuaaumm
no criegywLWmUm agpecam:

- nnatdgpopma oHnanH-npocmoTpa MCO: pgoctynHa no agpecy http://www.iso.org/obp;

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

3.1.1 aBToKOoBapuauusa (autocovariance): BHyTpeHHAA KOBapuauusi Mexay anemMeHTaMu Cepuun Ha-
friogeHWi, yNnopagoyYeHHbIX N0 BpeMeHW.

3.1.2 KoHTponbHaA KapTa Ans aBToKoppenupoBaHHoro npouecca (control charts for autocorrelated
processes): KoHTponeHas kapTa CTaTUCTUYECKOro yrnpaBneHusa npoueccamu, npMMeHsaemas K aBToKoppenu-
pOBaHHOMY MpoLeccy.

W3paHuve ochmumanbHoe
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3.2 O603Ha4YeHUA U COKpalWeHUn

3.2.1 CokpaweHus

B HacTodawem
ARL —
i.i.d. —
SPC —
ACF —
AR(1) —
EWMA —
EWMAST —
EWMS —
CUsuM —

cTaHdapTe UCMonb30BaHbl CreayoLlline CoKpalleHus:
CcpendHsa AnvHa cepui;

HEe3aBUCUMBbIN 1 OAUHAKOBO pacnpeaeneHHbIn;

cTaTUCTUYEeCcKoe yrnpasneHue NpoLeccoM;

(hYHKUMS aBTOKOPPENALUK;

npoLuecc aBToOperpeccui NepBoro NopaaKka;

3KCMNOHEHLIMANbHO B3BELUEHHOE CKOMb3sllee cpeaHee;

AKCMNOHEHLManbHO B3BELUEHHOE CKOMb3asllee cpeaHee ONs CTALUWMOHapHbIX NPOLIECCOoB;
3KCMNOHEHLManNbHO B3BELLEHHOE CpeHeKBaapaTuieckoe OTKNOHEHNE;

KYMYIsATUBHAs CYyMMa.

3.2.2 Ob6o3HayeHmn

B HacTosLwem

CTaHAapTe MCNosib3oBaHbl crnegywuue 0603Ha4YeHus:

T — Habop MHOEKCOB AN CryYailHoro npouecca;
1L — WCTMHHOE cpeHee npouecca;
o — WCTMHHOE CTaHOapTHOE OTKMNOHEeHWe npouecca;
N(u, o2 — HopMarbHOe pacrpegeneHne co CPEAHUM | 1 AUCTiepcueit o2;
u u
Y — aBTOKOBapuauus;
¥ — oleHKa aBToKoBapuauuu,
p — aBTOKOppensauus;
P — OLEeHKa aBToKoppensauuu;
0 — 3aBUCUMLIWM NapameTp nNpoLecca aBToperpeccun Nepeoro Nnopsaaka;
A — napameTp criaxueaHusa ana EWMA;
r — napameTp crnaxkueanusa gna EWMS;
T — WHTEepBan BpeMeHn Mexay AByMs Todkamu (nar);
52 — EWMS B MOMEHT BpeMeHMU t;
¢
Sg — Ha4vanbHoe 3Ha4yeHue S,z;
X — cnydanHaga nepemeHHasa X B MOMEHT BPEMEHMU I}
a; — cnyyanHas nepeMeHHas @ B MOMeHT BpeMeHu f AN npouecca aBToperpeccun nepeoro
nopagka;
A — W3MeHeHWe cpefHero Lara, kpaTHoe cpegHeKBaapaTUu4HOMY OTKIOHEHMWHo npouecca;
X — cpegHee apvmeTMyeckoe NocneaoBaTensHOCTH X;
s — cTaHgapTHoe OTKMOHEeHWe NocnefoBaTerbHOCTH X;
)“(f — OleHKa nporHosnposaxus X,
R — OCTaTOoK B MOMEHT BPEMEHMU t;
t
R — cpefHee apugmMeTudeckoe Ry,
Sk — cTaHgapTHoe OTKIoHeHue {R};
Z — cTtatuctuka EWMA B MOMEHT BpemMeHu
Z — HavalnbHOe 3Ha4veHune Z;;
0 t
L — 3Ha4YeHWe KOHTPONbLHOW rpaHuubl Ans Z, (BblpaXeHHoe B KOMWYecTBE CTaHOapTHbIX
Z t
OTKMOHEHW Zy);
Gz — CTaHOapTHOe OTKITOHeHWe cTaTucTukm EWMA,;
G — CTaHgapTHOE OTKIIOHEeHME Cry4aiiHbIX Bernu4nH a,6enoro wyma B npouecce asToperpeccum
nepBoro nopsiaka.
2
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4 KoHTponbHbIe KapThl aBTOKOPPENUPOBAaHHbLIX NPOLECcCOB ANA MOHUTOPUHra
cpeaHero npouecca

4.1 O6wWwune nonoxeHUs

MHorne cneunanncTsl B 0BnacTy cTaTUCTUKM U CTAaTUCTUYECKOTO yNpaBneHus npoueccamu oGHapyXu-
nW, YTO AaBTOKOPPENsAUMA JaHHbIX NpoLecca oKasbiBaeT BNMAHWE Ha paboTy TpaaWuMoHHbIX KapT SPC. Mo-
OOoBHO aBTokoBapuauum (cM. 3.1.1), aBTOKOppPensAUMa — 3TO BHYTPEHHSAS KOPPEnAuus Mexdy aneMeHTaMu
cepun HabnaeHWi, yrnopaaoYeHHbIMU Mo BpeMeHU. ABTOKoppensiuMsa MoXeT ObiTb Bbi3aBaHa ocobeHHOCTAMM
CUCTEMBI M3MEPEHWI, AUHaMWKK NpoLecca Unn 1 Tem, 1 ApyruM. B npunoxenun B nokasaHo BnusiHue nomno-
XMTENbLHOM aBTOKOpPensaunM Ha paboTy pasnUYHbIX TPAAULUMOHHLIX KOHTPOMbHBLIX KapT.

4.2 KapTbl ocTaTKoB

KapTbl OCTaTKOB UCMONbL3YIOT AN OTCNEXMBAHUST BO3MOXHLIX MU3MEHEHU cpefdHero npolecca. Ans no-
CTPOEHWSI KapThl OCTATKOB MO AaHHbLIM Mpouecca HeobxoguMo NPUMEHWTL BpEMEHHbIe psadbl Unn Apyrue me-
TOAbl MaTEMaTUYECKOro MOLENMPOBaHUS.

Kapta octatkoB TpebyeT MogenMpoBaHUs AdaHHbIX NpoLecca W nonyyYeHns octaTkoB npouecca [1]. Ons
Habopa fAaHHbIX BpeMeHHoro paga {x; t =1, 2, ..., N} co3nalT BpeMeHHOW psaf Unu ycTaHasnueaioT Apyryto
MaTeMaTUYecKy MOAelNb, COOTBETCTBYOWY AaHHbIM. OCTaToKk B MOMEHT BpeMEHM | onpeaensioT cneayio-
WM obpasom:

Ry = X — X,
re % — NPOTHO3 BPEMEHHOTO PAAA B MOMEHT BpeMeHM t Ha OCHOBE MOAENM BPEMEHHOrO PAAa Ui ApYroi
MaTeMaTH4eckoi Moaeni.

MpegnonaratoT, 4TO MOAENb BEPHA WU OCTaTKW CTAaTUCTUYECKU He KOPPEenupYyrT ApYr ¢ ApyroMm. Tenepb K
ocTaTkam MOXHO NPUMEeHUTb TpaauLuMoHHble kapTel SPC, Takme kak X-kapTbl, CUSUM-kapTbl u EWMA-KapThL.
B cnyyae npumeHeHusa X-kapTbl K ocTaTKam ee, Kak NpaBuno, HasbiBaT X-KapToi ocTaTkoB. Kak Tonbko 06-
Hapy»XeHo W3MeHeHWe CpedHero B npouecce OCTaTKOB, AenatoT BbIBO4 O TOM, 4TO CpeaHee MCXo4HOoro npo-
Lecca BbILUIO U3-MOL4 KOHTPONS.

AHanoru4HsiM 0bpa3omM ncnonbaykT KapTy octatkoB CUSUM u kapty octatkoB EWMA [2], [3]. Ons
CpaBHEHUS KapT OCTaTKOB C APYTMMW KOHTPOIbHBIMU KapTamu cM. [4].

[MpeumMyLLEecTBO KapT OCTaTKOB!

- KapTa OCTaTKOB MOXET ObiTb NpUMeHeHa K niobbiM aBTOKOPPEenMpoBaHHbIM AaHHbBIM, 4aXe €CIU OHU
HecTaynoHapHbl. OB6blYHO Mogenb POPMUPYHOT C NOMOLLLI0 BPEMEHHBIX PAA0B UMW NporpaMmmMHoro obecnevye-
HUs ana nogbopa opyrux Mmogenemn.

HepocTaTku kapT OCcTaTKOB:

- KapTbl OCTATKOB He 0bNafakT TeMU Ke CBOMNCTBAMU, YTO U TPAaOULMOHHbIE KapThl. X-KapTa OCTaTKOB
Ans npouecca aBToperpeccuun nepeoro nopaaka (cM. A.3.3) MoXeT UMEeTb HU3KYH CNOCOBHOCTE 0BHapyXK-
BaTb CMelleHune cpegHero. B [5] nokasaHo, 4YTO Npu MONOXWUTENbHOW aBTOKOppenauuu npouecca X-kapta
ocratkoB paboTaeTt nnoxo. B [6] nokasaHo, 4TO cnocobHOCTE 0BHapyXeHWst y X-kapTbl OCTATKOB MHOTAA He-
BEMnMKa no CpaBHEHUD C 0BbIYHON X-KapToWn;

- KapTbl OCTATKOB TPebylT NPUMEHEeHUs BpeMEHHbIX PAA0B UMY ApYrix Modenei. Mons3oBaTtens KapThbl
OCTaTKOB JOIMKEH Nepuoauyeckn KOHTPONMpPOBaTh AOCTOBEPHOCTL MOAENU, YTODEI YMeHbLITL 0bLee BNUS-
HWe OLMBKWM MOAENVPOBAHUS U M3MEHEHUA MpoLiecca.

B [7] npuBeneH npuMep, B KOTOPOM AaHHble ¢ 06bemMom BeiGopkn 50 npeacTaBnaT cobon exelHeBHbIe
M3MEepPeHUs BA3KOCTW oxNa)Jalolen XUOKOCTU B nNpoLecce XOnodHOW npokaTtku antoMuHua. Ha pucyHke 1
nokasaHbl JaHHble, UMetoLne TeHAEHUUIO K CHUKEeHWo. [1pegnonoXuTensHo, YTO AaHHbIe M3MEepPeHni He sB-
nsAwTCA HezaBMcUMbIMU. Ha pucyHke 2 nokaszaHa BbibopoyHasa OyHKLUMS aBTOKOppensauun ana 3HadeHuin nara
(copura no BpemeHun) ot 0 go 12. CeegeHusa o BbIBOpPOYHON aBToKOppensaunn U yHKLUKM aBTOKOppensuun
npueedeHbl B A.4.2 n A.5, a Tarke B [8]. Kak nokazaHo B A.5, B NnpeanonoXeHnun o He3aBMCMMOCTU W oguHa-
KOBOM pacrnpefeneHny 4aHHbIX U3 HOpMarnbHOro pacnpegeneHus npubnusntensHo 95 % BbIBOPOYHbLIX aBTo-
KOppensauui ¢ narom 6onbLie eAuHNLbI A0MKHBI HAXOAMTLCSH Mexay rpaHuuami £1,96A/50. Ua atoro cneayer,
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YTO AJaHHble He ABMNSAKTCA He3aBUCUMbIMUK. B [7] npuBegeHa mogenb C nporHoampyeMOﬁ BA3KOCTBEHO B MOMEHT
BpeMeHn t B COOTBETCTBUM C MOLENbIO:

it =at bxt_1 Sl > dXt_g + eXy 4, t= 1, ey 50.
YA
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PucyHok 2 — BribopoyHble aBTOKOppenAUnKM ANg CEpUX eXeHEBHbIX U3MEPEHMIA BA3KOCTU U MPUBNMKEHHBIRA
[OBEPUTENbHLIA MHTEPBan C ypoBHeM foBepus 95 %
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Onsa oueHok a, b, ¢ v d, NnpuBeaeHHbIX B [7], OCTATKM BbIMMCNAIOT No dopmyne Ry=Xx;— X, t =1, ... , 46,
OHW MNoKasaHbl Ha pucyHke 3. YTobbl NPOBEPUTL, ABMAIOTCA MM OCTATKM HE3ABMCUMMbLIMW, CHOBa MPUMEHSIIOT
ACF c poBepuTenbHOW NoNocon, NokasaHHoOW Ha pucyHKe 4. MNockonbKy onpeaeneHo, 4To OCTaTKKU He SIBMNSAT-
Cs1 aBTOKOPPENUPOBAHHBLIMU, K OCTaTKam MpUMeHAIT X-KapTy C KOHTPOIbHBLIMU rpaHuuamMu 3¢ (ﬁ + 3Sg, roe
R — cpegHee {R;}, a Sp — cTaHOapTHoe oTKnoHeHue {R;}), Kak nokasaHo Ha pucyHke 3. B pesynstate MOXHO
cOenaTthb BbIBO O TOM, UTO CPEHEE OCTATKOB, a TakxKe MpoLecc HaxoaaTca B CTabunbHOM COCTOSTHUN.
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X — Bpewms; Y — ocTaTok

Pucyrok 3 — OcTtaTkv no cepun M3MepeHun BA3KOCTM U X-KapTa C KOHTPOMNbHBIMUW rpaHuuamu 3o
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PucyHok 4 — BribopoyHas aBToKOppensauusa OCTaTKOB Cepuin M3MepeHUn BA3KOCTU U NPUBNMKEHHLIN JOBEpUTENBHEIN
WHTEpBan ¢ ypoBHeM gosepus 95 %
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4.3 Tpa,l]VILIMOHHbIe KOHTPOINbHbIE KaPTbl CO CKOPPeKTUPOBaAHHBEIMWA KOHTPONMbHLIMW rPaHnljamMmmn

4.3.1 MogudmumposaHHas EWMA-kapTa

Mo cpaBHeHMWIO C KapTamu ocTaTkoe Bonee NpsMOW MOAXOMA 3aKMHYaEeTCH B M3BMEHEHWM CYLLLECTBYOLLNX
KapT NyTeM KOPPEKTMPOBKW KOHTPOMbHbIX rpaHuL, ©6e3 MogenupoBaHns BpeMeHHbIX psagoB. OgHako npumeHe-
HWE HEKOTOPLIX METOO0B, OCHOBAHHLIX HA 3TOM NoAxo4e, OrpaHNYeHo U3-3a 0CODEHHOCTEN KOHKPETHbIX Npo-
LLleccoB, HanpuMep npoleccamMmu aBToperpeccun nepeoro nopsagka [9]. B [10] npegnoxeHo ANA MOHUTOPUHTA
EWMA ctaumnoHapHoro npouecca ncnons3osate EWMAST-kapTy, koTopas B 0buiem criydae MoxeT BbiTb Npu-
MeHeHa K cTauuoHapHomy npoueccy. KapTy dhopmMupytoT nyTem nocTpoeHus rpaduka ctatuctukn EWMA [10]:

Z,= (1= MZ_4 *+ 32X, (1)

rae Zy = p — cpegHee npouecca;
A — napameTp crnaxuBaHua (0 <i < 1).

Mpeanonoxum, 4to npouecc {X,; t =1, 2, ..., N} ABNAETCA CTaUVOHAPHBLIM CO CPeOHUM | U AUCnepcu-
eit 62. Ecnu t BenuKo, Avcnepcuio Z; annpoKCMMUPYHOT crieayowmnm obpasom:

Ggg[zmoz 1 +2§p(k)(1 -x)k[1 ~(1 —k)z(’““"] : (2)

rae M — uenoe vucno, a p(k) npegcraenset coboin aBToKOppensaUMo npolecca ¢ narom k. Heobxogumo oT-
METUTb, YTO Y HEABTOKOPPENUPOBAHHOMO npoLecca o% MMeEeT Ty e popMy, YTO U B TPagULUOHHON
EWMA-kapTe. Ecnn X; noguuHsieTca HOpManbHOMY pacnpefeneHuto, Z; Takke MoavnHAeTcs
HopManeHOMY pacrnpegeneHuio co cpegHum p. EWMAST-kapTy dopMupyoT nyTem MOCTpOEeHUs
rpachuka Z;. LleHTpanbHasa NuUHUA HaxoguTCsl Ha YPOBHE L, @ KOHTPOIbHbIE rpaHuubl Ly o uMetoT
BUApL; 0,

B obuiem cnyyae pekomeHayetcs ucnons3oeats i = 0,2 [10] n 3HayeHune L, kak npaeBuno, pagHoe AByM
unu Tpem. Ecnu p, 6 u aBTOKOppensumMs Hem3BecTHbl, WX 00bIYHO OLEHMBAIOT NO cpeaHeMy apudMeTUHecKo-
My X, BbIBOPOYHOMY CTAHAAPTHOMY OTKIIOHEHWIO S U BbiBOPOUYHbLIM aBTOKOppenaumam p(k) COOTBETCTBEHHO,
Ha OCHOBE HEeKOTOPbIX paHee Mony4YeHHbIX AaHHbIX {X}, Koraa npouecc Haxoauncst B CTabunbHOM COCTOAHUN.
Ecnn ons oueHky aBToKOppEensaUnia MCnornb30BaH Habop NpeabiayLnX JaHHbIX, MOXHO CNeaoBaTh HEKOTOPbLIM
aMnupudeckum npaeunam. B [11] (cTp. 32) ykazaHo, 4To nonesHsle oueHku p(k) MoryT BbiTh coenaHbl TONbBKO B
TOM crnydvae, ecnu obbeM aanHbix N coctaenseT npumepHo 50 unw Gonee, a k < N/4. Takum obpazom, 3Hade-
Hue M B chopmyne (2) [omKHO ObiTb 4OCTATOMHO DONBLIKMM 4115 BbINOMHEHUSA annpoKcuMaLnum, NpUrogHon 4ns
NCNonb30BaHWs B popmyrie (2), 1 B To e Bpems MeHble N/4, yTobbl n3bexaTs Gonblumx ownboK B OUeHKe
aBToKoppensauuin. Ha ocHoBe mogenupoBaHus, korga N = 100, pekomengyetca M = 25 [10].

Ha pucyHke 5 nokasaH npumep, B KOTOPOM CMOAENUPOBaHbl faHHbIe npoLiecca aBTOPerpeccumn nepeo-
ro nopsgka ¢ ¢ = 0,5, gucnepcueir npouecca 62=1m onuHon 200. Benbid wym (cm. A.3.2) nog4ymHaeTcs
HopManekHoMy pacnpegeneHuo. CpegHee npouecca paBHo Hyno Ang nepsbix 100 HabnogeHun. HavmHas ¢
HoMepa HabntogeHus 101, cpegHee npouecca naMmeHsaeTcsa ¢ warom ot 0 oo 1 unu 1o. MNpaduk cmogennpo-
BaHHbIX AaHHbIX MOKa3aH Ha pUCyHke 5.
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O6pabaTbiBaa nepuog nepebix 100 ToYeK OaHHbIX Kak CTaLMOHapPHbLIA, OLEHWBAKOT cpedHee npouec-
ca, CTaHgapTHOe OTKMOHeHWe npoluecca M BbibopoyHble aBTokoppensuuun. MonyyaoT aHaveHus X = —0,10,
5=0,91up(k), (k=1,...,25). NMpu M = 25 n i = 0,2 B chopmyne (2) oLeHKa CTAHAAPTHOTO OTKMOHEHWS Z, CO-
cTaBnsaeT &z = 0,24. Ha pucyHke 6 nokaszaHa EWMAST-kapTa ¢ LeHTpanbHOR NMHKe Ha ypoeHe X = —0,10 u
KOHTPOMbHLIMM rpaHuLaMu x+ 3 67 = (—0,81; 0,60). Kapta ykasbiBaeT Ha yBenuueHne cpeHero, HauuHas ¢
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PucyHok 6 — EWMAST-kapTa NpUMeHUTENBHO K MOAENMPYEMbIM OaHHbIM,

NOKa3aHHbBIM Ha PUCYHKE 5, ¢ YBENMMYEHWEM CpeaHero
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4.3.2 MogucpuumpoBaHHas CUSUM-kapTta

B [12] paccMoTpeHo nocTpoeHue rpadukoB HeobpaboTaHHbIX OaHHbIX HEMNOCPEACTBEHHO C NOMOLLLH
CUSUM-kapThl Npv HU3KOW aBTOKOppensuuu npolecca. Ecnu aBTokoppensaums BeiCOKa, cneayeT paccMo-
TPeTb BO3MOXHOCTb MCMOMb30BaHUA Npeobpa3oBaHHbiX HabnwogeHun. B [9], [13] npeanoxkeHsl gpyrue nog-
Xxo4bl ANA npuMeHeHnsa moguduymposaHHeix CUSUM-kapT K npoleccam aBToperpeccum nepeoro nopsanka u
HeKoTOopble ApYyrve BpeMeHHbIe paabl.

4.4 ConocTtaBneHue KapT AnA aBTOKOpPpennpoOBaHHLIX AaHHbIX

BoamoxHO conocTaBneHne HeKOTOPbIX KOHTPOMbHbLIX KapT ANS aBToOKOpPPenMpoBaHHbIX AaHHbIX. B [9] u
[4] npoBepeHo conocTaBneHune X-kapThl, X-kapTbl octaTkoB, CUSUM-kapTel octatkoB, EWMA-kapTbl ocTaT-
koB 1 EWMAST-kapThkl Ana cTauWMOHapHLIX NPOLECCOB aBTOPEerpeccuu NepBoro nopsaaka ¢ NoMoLLbL Mofe-
nupoBaHua. EWMAST-kapta pabotaet nyywe, yem CUSUM-kapta octatkoB u EWMA-kapta octaTkoB. B
Lenom, oHa Takke pabortaet nydwe, 4yem X-kapta n X-kaprta octatkoB. CpaBHeHUEe Takke NoKasbiBaeT, YTo
CUSUM-kapta octatkoe 1 EWMA-kapTa octatkoB paboTtawT nodytn ogvHakoso. CUSUM-kapTta octaTkoB #
EWMA-kapTa ocTtatkoB paboTatT nydule, Yem X-kapTa OCTaTKOB, MPW HWU3KOW aBTOKOPPensauun npouecca.
HanpoTug, korga aBToKoppensiLus BbICOKA, X-KapTa ocTaTKoB paboTaeT nydlle, YeMm Apyrie KapThl OCTAaTKOB.
Ecnn aBTOKOppensauusa npoLecca o4eHb BbiCOKas, T. €. npouecc bnu3ok K HecTaunoHapHomy, EWMAST-kapTa
no-npexHemMmy paboTaet ny4ile, 4em OpYyrne KapTbl.

OyeBnAHBIM MpeumMyLLecTBOM uMcnonb3oBaHua EWMAST-kapT aBnseTca To, YTO HET HeOBXOAMMOCTH
CTPOWTL MOZENb BPEMEHHbIX PAAOB AN OaHHbIX cTauuoHapHoro npouecca. PopmuposaHue EWMAST-kapTsl
TpebyeT TONbKO OLEHKW CPedHEero, CTaHAapTHOro OTKIIOHEHUS W aBTOKOPPenALui npouecca, NonyveHHbIX no
OaHHbIM, KOrga npouecc Haxoaouncsa B cTabUNbHOM COCTOSIHMU. Takum obpas3om, ecriv npouecc ABNSAeTCs
aBTOKOPPEenMpoBaHHbIM U CTaluMOHapHbIM, 418 MOHWTOPUWHIa cpegHero npouecca pekoMeHayeTcsa Ucnomnb3o-
Batb EWMAST-kapTy.

5 MOHMTOPUHI NU3MEHYUBOCTU CTALMOHAPHbLIX NMPOLIECCOB

B [14] paccMOTpeHb! ABe KOHTPOSbHbIE KapTbl AN MOHWTOPKUHIA M3MEHYMBOCTM NpoLecca: ogHa OCHO-
BaHa Ha 9KCMOHEeHLUWanbHO B3BELUEeHHOM CpPeAHEeKBaApaTM4HOM OTKAOHEHWM OT LIeNeBOoro 3HadeHus [KapTta
3KCMOHEHLMANEBHO B3BELUIEHHOTO CpefHeKBaapaTuyHoro oTknoHeHua (EWMS) unu EWMS-kapTa), a gpyras
OCHOBaHa Ha 3KCMOHeHLMarnbHOo B3BELLUEHHOW CKOMb3ALWEeN gucnepcun, B KOTOPON cpegHee 3HadYeHne npouec-
ca OLUeHMBAKT ¢ ucnons3oBaHuem EWMA-kapTel HabnogeHnin [KapTa 3KCNoHeHUanbHO B3BeLeHHON CKoMb-
3Awen gucnepcum (EWMV) unu EWMV-kapTtal).

Mpennonoxum, 4to {X;, t=1, 2, ...} — NpoLecc co cpefHUM p 1 JUCNepcren o= n HopMarnbHbIM pacrnpe-
aeneHvem. DKCNOHEHUWanbHO B3BeLlUeHHas CKONb3fAllasa cpefHekBagpaTndeckasl ownmbka uMeeT BUA

8= (1-n8E1 +r (X— ),

2

rae t=1,2, ...
r — napameTp crnaxueaHusa (0 <r<1).

MycTb §p = o2 — avcnepceust npolecca. M3 BbilleckazaHHOro cnegyert, 4To Stz — OUEeHKa cpegHekeagpa-
TUYHOWM oWKWBKM Npouecca B MOMeHT BpemeHu t. Ha EWMS-kapTe cTposaT rpaduk S,z C LEeHTpanbHOW NIMHUEen
Sg = 62, a KOHTPONbHbIE TPaHWLbI ONPEdEnsoT Ha OCHOBE G2 W KBaHTUMS pacnpeaeneHus Xu-keagpaT co
cTeneHaAMu cBobofbl, KOTOpbIe ABMSKTCA DYHKUUEN r ANS KaxOoro 3HadeHus t. B [14] npegnoxeHo npume-
HUTE EWMS-kapTy k He3aBUCMMBIM OOUHAKOBO pacnpegeneHHbiM AaHHBIM NocneqoBaTeNnsLHOCTY U NpoLecca,
KOTOpble MOTYT ObiTh NpeAcTaBneHbl Kak NpoLecc aBToperpeccuy NepeBoro nopsgka ¢ 6ensim wymom. B [15]
npegnoXeHo WCNoNb30BaTh KAPTY OCTATKOB ANA MOHUTOPUHIA BO3MOXHbLIX M3AMEHEeHWI Aucnepcum Ang npo-
Lilecca, KOTopbI NnpeacTtasnsieT cobol npouecc aBToperpeccun NepsBoro nopsiika ¢ 6ensiM WyMoM.

B [16] npumeHeHne EWMS-kapThl pacnpocTpaHeHo Ha crnyyal cTauMoHapHbIX npoueccoB. B codeta-
HuUKM ¢ EWMAST-kapTtoin EWMS-kapTa MoxeT ObITh MCMNONb30BaHa AN onpedeneHs BO3MOXKHOIO U3MEeHEeHUs
avcnepcum ctauMoHapHoro npouecca.

Ons nnnioctpaunn (cMm. pucyHok 7) Ha EWMS-kapTe npeacraeneH npumMep. Peanusauns npolecca ag-
Toperpeccum NepBoro nopsaka creHepuposaHa co cpegHum p = 0 n napameTpom 3aBucumocTty ¢ = 0,5. Ouc-
rnepcus npouecca cocrasnsaer o2=18. nepwog epemeHm ot t =1 go t = 150, o2 = 0,5anatort=151 pgot=300

62=2 ans tot t =301 go t = 450. Habnogaemblil npoLecc nokasaH Ha pUcyHKke 7.
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EWMAST-kapTa npMMeHeHa K MOAENMPYEMbIM AaHHbIM C napametpom A = 0,2. CTaHgapTHOE OTKIO-
HeHune ctatuctuku EWMA Ha EWMAST-kapTe, B cooTBeTcTBUM C cpopmynon (2), coctaensier 0,51. Kapta ¢
KOHTPONbHbLIMU rpaHnuamMun 3c, NpUBeAeHHas Ha pUCYHKe 8, nokasbiBaert, yUTo XoTa gna tot = 372 go t = 448
CYLLLECTBYHT AEBATL TOMEK 38 KOHTPOMNbHEIMW FpaHMLaMu, cpeaHee nNpouecca BeImaauT cTabunbHbIM. Takum
obpa3som, npouecc paccMaTpMBaloT Kak Npouecc, MMerLW i MoCTOAHHOe cpeaHee.

Onsa EWMS-kapTbl BeibpaHbl 3HadeHus r = 0,05 n o = 0,05, 4To AaeT acMMNTOTUYEeCKMEe 3HAYEeHUs HIXK-
Hen 1 BepXHeWn KOHTPOINbHbIX rpaHunl, pasHbie 0,52 u 1,64 cooTBeTCTBEHHO. YMEHbLIEHWe cpeaHekBaapaTuyd-
HoW owwnbKkKn B Todke t = 158 M gpyrnx ToYKax W ee yBenuyeHue B Todke t = 329 v gpyrMx To4Kax nokasaHo
Ha pucyHke 9. [MocKonbKy B COOTBETCTBUM C PUCYHKOM 8 cpefHee npolecca cuuTalT cTabunbHbIM, caenaH
BbIBOA O TOM, YTO AUCMEepcUsa npouecca naMmeHunacs.

Y]}

I I | T I I | kil
0 50 100 150 200 250 300 350 400 450 X

X — Bpems; Y— 3Ha4yeHue CTaTUCTUKK

PucyHok 7 — Peanunsaums npouecca aBToperpeccuy nepsBoro nopsaka, ucnone3yeMoro Ans uimioctTpaumu npoueaypel
EWMS, koraga cpegHee npouecca pasHo 0, HO gucnepcusi npouecca u3ameHsieTcqa ABa paza
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PucyHok 9 — EWMS-kapTa ¢ KOHTPOMbHBIMW FpaHULaMU ANs BpEMEHHBIX PAAOB, MOKa3aHHbIX Ha pUcyHKe 7

6 Opyrve noaxoabl npu pabote ¢ aBTOKOppeNMpoBaHHbIMU NpoLeccaMmu

B pasgenax 4 u 5 paccMOTpeHbl pasnuyHble KOHTPOMNbLHbLIE KapTbl, KOTOpblE MOTYT BbiTk CKOPPEKTUPO-
BaHbLl K AaHHLIM aBTOKOppenMpoBaHHoro npouecca. B kayecTee ansTepHaTUBLl agantauuy mogenen BnusHue
aBTOKOppenaAunmM MoXeT ObiTb YMEeHbLUEHO C MOMOLLbL noaxogsuwiero cnocoba obpaboTku AaHHbIX. B [17]
paccMoTpeHo BnusHue Bbibopa uHTepeana oTbopa BelbOpKM Ha HEKOTOPbLIe AaHHbIe npouecca. Ecnu npouecc
ABNAETCS CTaUMOHapPHbLIM U BbIGOPKY OTBUPAT pexe, aBTOKOppensuusa BbIBOPOYHbLIX OaHHbIX CHUXAETCH.
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Takum obpaszom, ecrniv MHTepBan oTbopa BbIBOPKM AOCTATOYHO BEMMWK, JaHHbIE KaXYTCA HEKOPPENMPOBAHHbI-
mMu. OgHaKo TakoW Noaxos He YYMTbIBAeT MPOMEXYTOYHble AaHHbIe W, CNefoBaTenbHo, YBeNM4YnBaeT BEPOAT-
HOCTb MPOMYyCKa BaXHbIX M3AMEHEeHUI npouecca. BMmecTo npuMeHeHus B6onbLIoro MHTepeana otbopa BeIGOpKY
MOXHO (hOpMUpPOBAaTE CKOMb3fllee cpefHee npouecca ¢ PUKCUPOBaHHLIM pasmMmepoM «okHa». B [18] noka-
3aHO, YTO ecnu npouecc SBNAeTCH CTauMoHapHbIM U yOOBNETBOPSIET HEKOTOPbLIM YCMOBUSAM pPErynsapHOCTH,
HenepekpblBalLWUecsa cpegHue Unu cpegHue napTui ABNATCS aCUMNTOTUYECKU He3aBUCUMbIMWA 1 HOpManb-
HO pacrnpegeneHHbiMn. Takum obpasom, ecrnv obbeM NapTMKM OOCTaTOMHO BENUK, CpeaHee NapTUil MOXXHO
paccmaTpuBaTh Kak 6enbii wym. [Ons HeKOTOPbIX KOHKPETHbIX CTALWMOHaPHbBIX NPOLECCOB BO MHOMMX CTaTbAX
paccMmaTpuBalT cpefHue NnoABbIOOPOK UMM cpefHWe NapTui, a TaKKe COOTBETCTBYILKWE KapThl ANSA cpef-
Hux napTui. B [19] paccMoTpeHkbl NOCNeACTBUS UCMOMb30BaHWA OBLLMX CKOMb3ALLMX CPEeAHUX CTaLWOHAPHOro
npouecca Ans CHUKEHUs aBToKoppensauuu npolecca 1 ux npuMeHeHne K KOHTPOIbHbBIM KapTam npoLecca.
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MpunoxeHune A
(cnpaBo4Hoe)

CrnyyanHbIW Npouecc U BpeMeHHbIe paabl

A.1 Obwme nonoxeHus

CnyvaiiHbIi npouecc {X,; € T} — 3T0 COBOKYMHOCTL CMNyYalHbIX BeNWYWH, rae T— Habop nHoekcos [8]. Ecnu T npea-
ctaenseT coboi Bpems, crny4YalHbld NPOLUECC Ha3blBAOT BpeMeHHbIM psgoM. Ecnu T npegctaenaeT cobon Habop auvc-
KPEeTHbIX 3HadeHuit, Hanpumep T ={0, £ 1, + 2, ... |}, npouecc Ha3bIBaKOT AUCKPETHBIM BPEMEHHBIM pagoM. B HacToswem
CTaHOapTe paccMOTPEeHB! TONBKO AUCKPETHbIE BPEMEHHbIE PAALI C PaBHBIMW CABUraMu rno BpeMeHu. [JUCKpeTHbI BpeMeH-
HOW pAd Xy, Xs, ... ., X, MOXHO paccMarpuBaTh KaK 3Ha4eHWsA, NpUHIUMaeMble NoCNeA0BaTENbHOCTLI0 CYYalHbIX BENMUMH

X1, XZ, s Xn. MocnenoBaTenbHOCTL Xy, X, --. , X, HA3bIBAKOT peanusauvein nocrnegoBaTenbHOCTH X1, X2, S Xn.

A.2 ABTOKOBapuauWsA U aBTOKOpPpensuus BpemMeHHoro psga
Ecnu {X;; t € T} — BpeMeHHOI pAj CO CPEHUM 1, M CTAHOAPTHLIM OTKITOHEHWEM G; B MOMEHT BPEMeHH t, To:
1) ans nBeix t;, t, € T, pyHkumaA aBTokoBapuauni y(.) paha: y(fy, ty) = E[(X;, — )X, — 1, )l;
¥{f1, £2)
2) ansa nbeix by, t, € T, dyHKuMs asTokoppenauun p(.) pasHa: p(ty, &) = o1, O -
[ns cnyd4aiHoro npouecca U1 BPEeMEHHOTo psAfa, ecnu CyLIeCTBYET HEHYNeBoe 3HaqeHwe p(ty, 1) ana nioboi
napel t; # t;, To CMy4aiHbii NPOLIECC UM BPEMEHHOW PSA Ha3bIBAKT aBTOKOPPENPOBAHHLIMU.

A3 CTaLWIOHapHI:IE BpeMeHHble paabl U MOen CTaulMOHapPHbLIX BpeéMeéHHbIX pAaoB

A.3.1 ObLwwure nonoxeHusA

BpemeHHOI pag HasblBaloT CTALMOHAPHBLIM, €CN OH HAaxOAWTCH B COCTOSAHWUM «CTaTUCTUYeCKoe paBHoBecue». Ta-
KO BPEMEHHON pAa He MeHAETCs BO BpeMeHu. B HacTosuwem cTangapTe BpemeHHon pag {X;; t € T} HaablBaloT koBapua-
LIMOHHBIM CTaLMOHAPHBIM UMW CTaUMOHAPHBIM, ECIIN:

1) E[X{] = u (nocTosHHasA OnaA Bcex f);

2) aucnepecmna VX = 02 < = (T. e. KOHEYHas KOHCTaHTa Ans Bcex f);

3) y(t,, ;) 3@BMCUT TOMbKO OT MHTEpBana t = t, — t, (nara). Toraa y({,, t,) obosHadaioT Kak y = (t, t,) = y(t; — ty) = y(1).

MepBoe 1 BTopoe TpeboBaHUSA COCTOAT B TOM, HYTO BPEMEHHLIE pAdbl AOMKHEI UMETE MAEHTUYHLIE CPEOHUE U MOEH-
TU4Hble gucnepcun ans nboro t. TpeTbe TpeboBaHWe 03Ha4aeT, YTo PYHKLMA aBTOKOBaApUaLMK JOMKHA 3aBUCETh TOMbKO
ot nara. Ecnu ogHo nnmn HeckonbKo 13 npuBeaeHHbIX TpeboBaHWin He BhINONHAITCS, NPOLECC ABMNAETCA HECTALMOHAPHbBIM.
[nsa cTauvoHapHoro BPEMEHHOT0 pada hyHKUKMIO aBTOKOBapMaLUmMmn ¢ narom t 4acto oboaHadaroT (t).

ABTOKOPPEnAUMOHHY dyHKUMIO (ACF) cTauMoHapHOro BpeMeHHoro psaga ¢ narom (t) onucsieaet hopMyna:

p(th-

OueengHo, 4To p(0) = 1. HekoTopble NPOCTLIE MOLENW CTALMOHAPHLIX BPEMEHHbLIX pAOOB NpeacTaBneHsl B A.3.2 1
A.3.3.

A.3.2 Benbin Wym

BpemeHHO pan Ha3biBakOT BenbiM LLYMOM, ECIN:

1) X, nog4MHAETCA OOHOMY W TOMY e pacrnpefeneHnio G OfHAM 1 TeM e CPeHUM W O[HOW 1 TOW e OrpaHuYeH-
HOW aucnepcuen;

2) aeTokoBapuauns y(ty, t,) =0, ecnn t; # 1.

M3 nepeuncneHua 2) cnegyert, 4TO BCe aBTOKOppensuun Benoro wymMa ¢ HEHYNEeBbLIM NaroM paBHbl HyMW. Ecnn
{X} — Benbli Wym 1 kaxabii X, Nog4MHAETCA HOPManbHOMY pacnpeferneHunio, To 3T0 NoCMneaoBaTebHOCTb He3aBUCUMbIX
OOWHAKOBO pacnpefeneHHbIX Cry4anHbIX BEMWYUH.

A.3.3 ABToperpeccuoHHble npouecckl nepeoro nopsagka [AR(1)]
[uckpeTHbin BpemeHHon pag {X;; t€ (0, £1, 2, ...)} Ha3bIBaKOT aBTOPErPECCUOHHBLIM NMPOLECCOM MEPBOro Nopsaaka,

ecrnv
Xi— = 0(Xpq — 1) + a, (A1)
rAe ¢ — MocTOsHHLIN NapameTp; {a,} — cnydaiiHble BenuynHbI Genoro Wyma ¢ HyNeBbIM CPpeaHM 1 aucnepcueii o2.
Ecnu [¢] < 1, a {X}} — cTaunoHapHbIi psg co cpedHUM p 1 ancnepcnei od/(1 - $2) [20], To cbopmyna (A.1) ykasbiBaeT
B3aUMOCBA3b MEXIY YneHoM (X, ; — ), OTKNOHEHWEM NPEABbIAYLLEr0 U3MEPEHWA OT CPEAHEr0 U OTKIMOHEHMEM TEKYyLLEro
12
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3HaYeHMA OT cpefHero (X; — p). 3To ABNAETCA MOOEMNbI0 3aBUCUMOCTW MEXY pesynsTaTtamv W3MepeHui. YposeHb 3a-
BUCMMOCTM onpefensieT senuduHa ¢. Ecnu [¢| > 0, kak npaBuno, 3To 03HAYAET, YTO AaHHbIE U3MEPEHWUIA NpoLecca UMelnT
NONOXUTENBHYIO aBToKoppensumio. M HaobopoT, ecnu || < 0, aHHbIE U3MEPEHMIA NpoLiecca UMELOT OTpULaTENBHYHD aBTO-
koppensauwmio. B yacTtHocTu, ecnu ¢ = 0, npouecc npeactasngeT coboit 6ensin wym. Ha pucyHkax B.1—B.5 nokasaHbl nsaTb
peanu3auuni; Kaxgas creHepyMpoBaHa W3 npouecca aBTOpPEerpeccun NepsBoro poda C HyNeeblM CPegHUM W 3HaYeHUsMK
¢or0p00,9.

A.4 OueHka cpeaHero, aBTOKOBapualun M aBTOKOppPensauMM Ana CTauMOHapHbLIX BPpEMEeHHbIX PAAOB
A.4.1 OueHKka p
Ona peanuaaunu {x;; t = 1, 2, ..., N} cpegHee nmpouecca |, Kak NnpaBuno, oLeHNBatoT ¢ NOMOLLLI0 CpedHero apud-
METUYECKOro Uni BeibopoyHoro cpegHera
N
Z X
=1

N

X=

A.4.2 OueHka y(1) u p(1)
[na ctayMoHapHOro BpEMEHHOTO psAfa aBTOKOBapMauMio, Kak hyHKLMIO OT T, Kak Npaeuno, oleHWBatoT no hopmyne

Nl _ _
2 OG— X)X — X)
= —
N 1
anat=0,%1, ..., (N=1)n(tr) =0 ana |t = N [8]. B yacTHocTK, ecnu T = 0, ¥(0) ABNAETCA OLEHKOW AMCNepcum npoLec-

ca. Ha npakTuke TpagmumoHHyH0 BeiBopouHyio ancnepcuio S2 ¢ (N — 1) B 3HameHaTene 4acTo UCMOMb3yoT BMecTo §(0).

CoOTBETCTBYIOLLYIO OLEHKY aBTOKOPPENALMMK, HasbiBaeMyo BbIBOPOYHON aBTOKOpPENsUNE, onpeaensoT no dopmMyne
A

ay YD)

plr)==» .

1(0)

A.5 MpoBepKa HaNU4YKUA aBTOKOPPENALUKU JaHHbIX BpeMeHHbIX PAOoB

BaxHo npoBepuTh, SBNAKOTCA MW AaHHbIE NPOLECcCa aBTOKOPPENUPOBaHHBIMW. YacTo MCNonb3ylT ABa NpOCTbIX
Tecra.

1) WMcnonb3oBaHue rpaduka BbIBOPOYHON aBTOKOPPENALUMOHHON (PYHKLWUW C JOBEPUTENBHOW NOMOCON

Ons Gonbworo N BbIOOPOYHLIE ABTOKOPPENAUWKM MNOCNEOOBaTENbHOCTU HE3aBUCUMbIX OAMHAKOBO pacnpene-
NEHHBIX CryYaiHbIX BenuyuMH X, ... , X C KOHeYHOW aucnepcueid annpokcuMupyoT pacnpepenenvem N(0,1/N) [20].
Ecrnm xy, ... , Xy — peanuaaumsa Takoi nocnegoeatensHocTH, To npubnuantensHo 95 % BeIGOPO4HON aBTOKOPPEnALMA C
narom GonbLue 1 AOMKHO HAXOAUTLCS MexaY rpaHmuami £1,96/YN. 3To YacTo UCMonb3yT ANs NPOBEPKW TOrO, SBNAOTCA
N AaHHbIE NpoLecca aBTOKOPPEenUMpoBaHHbIMU Ui HeT [21]. MNMpakTuyeckuini NnpuMep NpeacTtaeneH B 4.2, oH NokasbiBaeT
UCMonb3oBaHve BbIDOPOYHOM aBTOKOPPENALMOHHON hyHKLUM C JOBEPUTENLHOI NONOCOW ANA NPOBEPKU HANUYWS UM OT-
CYTCTBUS aBTOKoppensuuun y Habopa gaHHbIX npouecca.

2) TecT anwvHbl cepumn

Mcnonb3oBaHne BbIBOPOYHON aBTOKOPPENALNOHHOW (DYHKLUMM OCHOBaHO HA MPEANONOXEHUM O TOM, YTO MPOLIECC
SIBMAETCA CTaLMOHaPHbIM, 3TO 03HAYaEeT, YTO CpegHee npouecca NocToAHHO. OgHako rpacvk aBTOKOPPENALMOHHON hyHK-
UMM MOXET NOXKHO MOKa3blBaTb 3HA4YUTENbHLIE aBTOKOPPENALWNA, ecnii NCCNEdYEMbIN CryYalHbIi NPoLecc He UMEeeT Mo-
CTOSAHHOrO cpegHero. B aTtom crydae ncnonb3oBaHWe aBTOKOPPENAUMOHHOW (DyHKUMM ONs NPOBEPKW TOr0, ABMNAETCH NN
MpOLECC aBTOKOPPENUPOBAHHBLIM, MOXET BBECTW B 3abnyxaeHue. [laHHbIN TECT MOXKHO UCMONb30BaTh Kak AOMNOMHEHWE
K rpadpyky aBTOKOpPpPEnAUMOHHON yHKUMK. [laHHbIA TECT ABNAETCS HENapaMETPUYECKM, OH OCHOBaH Ha yBENnWYeHUN 1
YMeHbLUeHWM anunHel cepun [21]. B [21] (cTp. 99—101) npeactaeneH npMmep, NokasbiBatoLMiA UCNOMNb30BaHWe gaHHOMo
Tecra.
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MpunoxeHune B
(cnpaBo4Hoe)

PopMUpoBaHMeE TPAAULUMOHHBLIX KOHTPONMBHLIX KapT ANA aBTOKOPPEenupoBaHHbIX OaHHbIX

ABTOKOppPENALMA OaHHbIX NpoLecca BNUseT Ha (hopMmpoBaHue TpaauumoHHbix kapT SPC. B cneaytowem npumepe
NMoKasaHo BNWUAHWE NONOXUTENbHON aBTOKOPPENALMKN Ha MOCTPOEHWE Pa3NNYHbIX TPagWMLMOHHBIX KOHTPOMbHbIX KapT. Ans
nony4YeHust aBTOKOPPEnMpOoBaHHbLIX AaHHBIX MCMNOMb30BaHO MOAENVpPOBaHWe CTauMoHapHOro npouecca aBToOperpeccum
nepsoro nopsagka [cm. A.3.3] ¢ 0 < ¢ < 1 1 HopMmanbHO pacnpegeneHHbIM cryYanHbiM WyMoM. YTobbl NpogeMOHCTPUpOo-
BaTb BMISIHME aBTOKOPPEnsALUMK NpoLiecca, CreHepypoBaHe! U NpeacTaBneHsbl Ha pucyHkax B.1—B.5 cooTBeTCcTBEHHO NATE
peanu3auMin NpoLeccoB aBTOPErpeccMn NepBoro Nopaaka ¢ HyneeblIM cpeaHuM, avcnepcuerd Benoro wyma, pasHon 1, n
anvHon cepun 100 ana kaxpgoro 3Hadvenus ¢ n3 paga 0, 0,25, 0,5, 0,751 0,9.

Hwxe nokasaHo BNUsSHWE PasnW4YHbIX YPOBHEW aBTOKOppensAuMu Ha 4YacToTy owubok 1-ro pofda, BblpaMeHHYHo
B BUAE cpedHel ANuHbl cepun cTabunbHOro mpouecca, M Ha 4acToTy oWwWboK 2-ro pofa, BhipaMeHHYlo B BuAae cped-
Her OnvHbl cepumn HecTabunbHOro Npouecca, Ons pasnuuHbIX U3MEeHEHWI cpeaHero npouecca. CpedHAs AnNWHa cepur
(ARL) — aTo cpeaHee Konu4yecTBoO BLIBOPOK, 0TOBPaHHLIX A0 MOMEHTa noaeneHus curHana. Cm. CO 7870-4:2011, noa-
pazgen 3.2 [22]. XKenaemas KOHTpONbHasA KapTa A0MmKHa MMeTb Bonbluve 3Ha4YeHusl cpegHen anvHel cepyun ctabunbHoro
npouecca M HU3KWe 3Ha4YeHnsa cpegHen ANvHbl cepun HectabunbHoOro npouecca. To ecTb Ans Kenaemon KapTbl, Koraa
npoLUecc He MMEET CABWra cpegHero, cpeaHsas AnMHa cepuy ormkHa BbiTb 6OMbLWORA, NPy NOABMEHWW CABWIa CpegHero
CpefHssa AnvHa cepun JormkHa BbiTe ManeHbKol, YTobbl BbICTPO yKa3aTb Ha BO3HWKHOBEHWE caeura cpegHero. Mpu mo-
AEeNVPOBaHUKM BENUYMHY aBTOKOPPENALMM U3MEHAIOT NMyTeM M3MEHEHUs 3Ha4YeHus ¢ npolecca aBToperpeccun nepeoro
nopsaka. [nsa kaxpgoro 3HadyeHus ¢ 3HavyeHve cpefdHel ANUHBI CEpUW U3MEPSIIOT Kak B cuTyauuu, korga 6asoBbiil npo-
Luecc HaxoguTcs B cTabunbHOM COCTOSIHMM, Tak M B NPOTUBHOM crnydae. MogenvpoBaHve MCMonb3yloT ANs W3YYeHUs
BMMSHUS KaXKOOW CUTyauMW COCTOSHWA mpoluecca aBToperpeccun nepeoro nopsgka. B kaxgoom cryyae reHepupyloT He
MeHee 2000 BpemMeHHbIX psgoe. [Ins npouecca Be3 nameHeHus cpedHero AN KaxOoro paga uaMepsioT ONUHY cepun 1
BbIYMCISIOT CpeaHee apuMeTUYEcKoe ONUHBI CEpUKM npouecca B cTabunsHom coctosHuW. Ons HectabuneHoro npouec-
ca cpefgHee W3MEHSIOT B Npouecce MOAeNMpoBaHus pagoB, a 3aTeM ONpeaenaoT ANUHY cepyun. 34eck paccMaTpuBatoT
TOMBKO NO3TanHele M3MeHeHWs cpeaHero A, KpaTHele CTaHAAPTHOMY OTKMOHEHWMIO MpoLecca, Koraa cpefHee M3MeHsieTca
MrHOBEHHO, @ 3aTeM OCTaeTCs HEU3MEHHBIM HAa HOBOM ypoBHe. PaccumntbiBas cpegHee apuMeTUHecKoe AnWHbl Cepum
2000 psagos, onpedensloT CPedHIo ANWHY Cepyn npouecca B HecTabunbHOM COCTOSHWMW. MiccnegoBaHo BNMAHWE Ha
X-kapty, CUSUM-kapTy n EWMA-kapTy. [Ina X-kapTbl MCMOMb30BaHbl KOHTPOMbHbIE rpaHulbl 3c. Ana EWMA-kapTel na-
pameTp criaxuBaHua A, paBHbeli 0,2, U KOHTPonbHbIE rpaHnLbl 3o. Ons CUSUM-kapTbl Mcnonb3oBaHbl 3Ha4YeHUs cpedHen
ONWHBI cepun B cooTBeTCcTBUM C [23] 1 [2]. Ana TabnuuHoi dopmel CUSUM-kapThl UCNonb30BaHbl cnegyowme napameTpbl
kaptel: h=5,0u k=0,5.
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PucyHok B.5 — Peanuzauua npouecca asToperpeccuy nepsoro poga npu ¢ = 0,9
Tabnuua B.1— Pe3ynsraThl MccnegoBaHuia
_ CUSUM-kapTa EWMA-kapTa
¢ A5 EpR X-apral =3 npuh=50,k=05 | npux=02L,=3
0 370,40 465,00 547,71
0 0,5 165,21 38,40 44,60
(aBTOKOpPPENAUWMA 43,89 10,40 10,75
OTCYTCTBYET) 6,30 4,01 3,73
2,00 2.57 2,38
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OkoHyaHue mabnuus B.1

o A B eQvHALAX o X-kapta L =3 npglfws;ugd:(ipl%,s npf\ivya_géfzi 3

0 381,60 119,35 139,50

0,5 160,53 30,02 32,81

(aBTOKOppe?'lﬁLSmﬂ cnabas) 1 45,61 10,58 10,72
2 7,25 4,16 3,85
3 2,21 2,64 2,41

0 400,74 49,23 56,00

05 0,5 181,15 25,76 26,96
(aBTOKOpPENAUNA 1 56,42 11,43 10,79
CPenHAn) 2 9,16 4,34 4,00
3 2,60 2,64 2,50

0 496,04 30,98 31,45

0.75 0,5 235,98 22,74 21,82
(aBTOKOppENAUUA 1 74,33 12,67 11,30
YMEPEHHO BbICOKasn) 2 14.42 4.73 4,56
3 3,59 2,83 2,58

0 833,59 29,02 26,24

0.9 0,5 413,03 24,40 21,09
(aBTOKOppenaumna 1 167,72 15,38 13,19
BilooKas) 2 27,09 5,84 5,08
6,24 2,85 2,72

PesyneTaTthl uccnenoeaHuid npueedeHsl B Tabnuue B.1. B rpade 1 nokasaHa BenuynHa aBTOKOppensuuu B ua-
nasoHe 3Ha4YeHWN ¢ OT OTCYTCTBMA aBTokoppensaumn (& = 0) go & = 0,9. B rpade 2 ona ka)kgoro 3HavyeHWs ¢ nokasaHsl
uccrnefoBaHHbIE BENMWYMHBI U3MEHEHWA CpedHero B eQuHWLax ctaHgapTHoro oTknoHenws npouecca (0, 0,5, 1,0, 2,0 u
3,0 cTaHgapTHOro oTknoHeHus). B rpadhe 3 nokasaHbl 3HayeHWs Ha X-kapTte. Hanuymve aBTOKOppensaunn He OKasbiBaeT
oTpULATENbHOMO BAWSHWSA Ha CPedHIo ANMWHY cepuu npouecca B cTabunbHoM cocTosHuK. Mpn ¢ < 0,25 aBTokoppens-
uMa okazblBaeT cnaboe BNUsSHWE Ha CPeadHIon AMWHY cepuy B HecTabunbHom cocTosHuM npouecca. OgHako npu ¢ = 0,5
aBTOKOpPENALWS OKa3blBAET CUMBEHOE BIIMSHWE HA CPEQHIO ANWHY cepun npouecca. [Npu yBenuyeHuy ¢ yBenvyMeaeTcs
CpedHsa ONvHa cepuy Kak B cTabunbHOM, Tak M B HecTabunbHOM COCTOAHMM npouecca. 3To ocobeHHO o4eBMAHO, Koraa
cAevrk cpegHero Heeenviky. Takum 0Bpasom, Npu aBTOKOPPensAuMK OT CpedHel 40 BbICOKOW No X-kapTe TpyaHO 0BHapy-
XWTb HebonblUWe cOBWUMM CPedHEro npouecca.

B rpadax 4 v 5 nokasaHel 3Ha4yeHns Ha CUSUM-kapte 1 EWMA-kapTe cooTBeTcTBEHHO. Ecnu AaHHble npouecca
MMEIOT MOMOXUTENBHYH aBTOKOpPensauuio, Aaxe Takyto cnabyto, kak ¢ = 0,25, aTo oTpuuaTeneHO cKkazbiBaeTcs Ha cped-
Hel AnvHe cepuun B ctabunbHoM coctoaHuM npouecca. Ecnu ¢ = 0,25, cpegHas onuHa cepuy B cTabunbHOM COCTOAHUM
npouecca Ha CUSUM-kapte n EWMA-kapTe ymenbwaetcs go 119,35 n 139,50 co 3Hauyennit 465,00 v 547,71 cooTBeT-
cTBeHHO, koraa ¢ = 0. NokasaHo, 4To gaxe Npw Hanu4uy cnaboi aBToKOppenALMK rpadbyKkm HacTo AaKT NOXKHbIe CUrHanbI
TpeBori. C Apyroil CTOPOHbI, BIUAHWE cpedHei OfMHbI Cepyun B HecTabunbHOM CcOoCTosiHMM npouecca Ha CUSUM-kapTe
n EWMA-kapTe oTHOCWUTENBHO HeBenuko. CneqoBaTensHo, eCnu NPOLECC UMEET NOMNOKUTENBHYH0 aBTOKOPPENALUMIO, 3TO
CUNBHO BMWSIET HA CPeaHIo AnuHy cepuu U Ha kaptax CUSUM 1 EWMA BO3HMKaIOT NOXHbIE CUTHAmMLI TREBOTN.

3peck NpyvBeAeHbl PE3yNLTaThl TONBKO ANG NONOXUTENBEHO aBTOKOPPENUPOBAHHBLIX PAOOR, MOCKONBLKY NONOXWUTENL-
Has aBTOKOPPENSLMA Ha CEerodHsALLHWA OeHb sBnseTca Haubonee pacnpocTpaHeHHOW Ha MpakTuke, Hanpumep B Buo-
noruv. [ins n3yvyeHns BAWMAHWA OTPMUATENBHOW aBToKoppenaumn cm. [4]. PaccMoTpeHbl TONbKO MoaTanHble U3MeHeHus
cpegHero.
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Mpunoxenue OA
(cnpaBo4Hoe)

CBegeHUsl 0 COOTBETCTBUM CChINOYHLIX MeXOyHapoOHbIX CTaHOAPTOB HAaUWOHaNbHbLIM CTaHOAapPTaM

Tabnuua JA.1

ObosHaveHne CCbINOYHOro CreneHb ObosHa4eHWe 1 HAaMMEHOBaHUE COOTBETCTBYHLLEro
MexayHapoaHoro cTaHaapTa COOTBETCTBUA HaLMOHanLHoro cTavaapTa
ISO 3534-2 IDT [OCT P UCO 3534-2—2019 «Ctatnctudeckme metodbl. Cno-
Bapb M ycroBHele 0603Ha4eHns. Yacte 2. [NpuknagHaa ctatu-
CTUKa»
MpumeyvyaHune — B HacToswen Tabnuue Ucnone3oBaHoO criegytollee ycrioBHoe 0603Ha4YeHWe cTerneHu co-

OTBETCTBMA CTaHgapTa:
- IDT — MOeHTUYHbLINA CTaH4apT.
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