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MpeaucnoBue

1 NOAOrOTOBNEH OTKPbITEIM akKUMOHEPHBbIM O0OLECTBOM «Hay4HO-UCcCneaoBaTeNbCKUIN  LIEHTP
KOHTPONSA U AMArHOCTUKKU TexHuyeckux cucremy» (AO «HWL, KO») Ha oCHOBE COBCTBEHHOIrO0 ayTEHTUYHOrO
nepeBoja Ha PyCCKuii A3bIK CTAHAAPTA, YKA3aHHOTO B MyHKTE 4

2 BHECEH TexHuyeckum komuTeToM no craHgaptusauum TK 125 «MpumeHeHue craTtuctm4ecknx
METOA0B»

3 YTBEPXOEH W BBEAEH B JEWCTBWE MMpukasom degepannHOro areHTCTsa no TEXHUYECKOMY
perynupoBaHuto U MeTponorum ot 29 oktabpst 2014 r. Ne 1453-cr.

4 Hacrosiwmin ctaHaapT UAEHTUMYEH MexayHapoaHomy craHaapty MCO 11843-7:2012 «CnocobHOCTb
o6HapyxeHusi. Yacte 7. MeToabl OueHku ¢ ydeTom choHOBOro wwymay (ISO 11843-7:2012 «Capability of
detection — Part 7: Methodology based on stochastic properties of instrumental noise»).

HauMmeHOBaHME HaCTOALWIEro CTaHAapTa W3MEHEHO OTHOCUTENbHO HAUMEHOBAHUSI YKa3aHHOIO
MeXayHapoaHOro ctaHaaprta Anst npusegeHus B coorsetcreue ¢ NOCT P 1.5— 2012 (noapasaen 3.5).

Mpy nNpUMEHEHUM HACTOALLEro CTaHAapTa PeKOMEHAYEeTCH WUCNOofb30BaTb BMECTO CCbINIOYHbIX
MEXAYHapoaHbIX CTaHAAPTOB COOTBETCTBYIOLLME UM HaUMOHarnbHbIe cTaHAapTbl Poccuiickoin deaepauuu,
CBEAEHUS O KOTOPbIX MPUBEAEHbI B LONONMHUTENBLHOM NpunoxeHun A

5 BBEJEH BMNEPBbIE

lpasuna npumeHeHus Hacmosuwieeo cmaHl0apma ycmaHoeneHbl 6 TOCT P 1.0—2012 (pa3den 8).
UHbopmayusa 06 usMeHeHUsX K Hacmosawemy cmaHdapmy nybnukyemcs 6 exxe200HOM (10 COCMOSIHUIO Ha
1 sAHeaps mekyweeo eoda) UHOPMaYUOHHOM yKalzamerne «HayuoHanbHbie cmaHO0apmbl», a
ochuyuaneHbili mMmekem U3MEHEeHULU U ronpasoK — 6 EXEeMECAYHOM  UHGOPMAaUUOHHOM yKa3zamerie
«HauuoHaneHble cmaHdapmbly». B criydae nepecmompa (3amMeHbl) unu ommeHbl Hacmoswe20 cmaHlapma
coomsemcemeyrouiee ysedomneHue 6ydem onybnuxkoeaHo e bnuxalilem ebinycke UHEOPMaUUOHHO20
ykazamensa «HayuoranbHbie cmaHdapmbly. Coomeemcemeayrouwjast uHgopmayus, yeedomeHue u meKcmbl
pasmewjaromes makxe 8 UHhOPMayuoHHOU cucmeme obLez20 Nonb3oeaHus — Ha oguyuanbHoM calime
®eldepanbHo20 azeHmMemea M0 MEXHUYECKOMY peeyniupoeaHulo U memponoz2uu e cemu WHmepHem
(gost.ru)

© CraHgapTtuHdopm, 2015

Hacrosiuii cTaHaapT He MOXET ObITb MONMHOCTBIO UMM YaCTUYHO BOCMPOM3BEAEH, TUPAXUPOBAH U
pacnpocTpaHeH B kadecTBe odmuManbHOro u3gaHus 6e3 paspeweHus deaepanbHOro areHTcrea no
TEXHUYECKOMY PETrYIMPOBAHMIO U METPONOTNK
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BBeneHue

MeToaonorusa nUHEMHON N HeNWHEWHOW KanMbpoBKKM, NpuBeaeHHasa B cepumn ctaHaaptTos MCO 11843,
OCHOBaHa Ha WCMONb30BaHWM pacnpeaerieHnsl BEepOSiTHOCTEN NPUBEAEHHON MEePEMEHHON COCTOSHUSA
(namepsiemas BenuuuHa). pu 9TOM (ABHO WMNM HESABHO) YAENEHO BHUMAaHWE HeonpeaeneHHOCTH,
COOTBETCTBYIOLLEWH OLIEHKE WU3MEPSEMOro OTKNMKA, MPEeUMYLLUECTBEHHO onpeaensiemoro 6a3oBbiM LUYMOM
Npu MHCTPYMEHTanbHOM aHanu3e. Bo MHOrMx (ecnu He B GOMbLUMHCTBE) aHanNUMTUYeckMX npubopax B Tex
cny4asx, Koraa 3Ha4YeHMe U3MepseMOol BENUUMHbI ONU3KO K MUHMMArbHOMY OOHApY>KMBAEMOMY 3HAYEHUIO,
6a30Bbli LUYM SIBNSIETCA OCHOBHOW NPUYMHOW HeonpeaeneHHocTu, MeToa, yCTaHOBMEHHbIN B HACTOSLLEM
cTaHzapte B npegenax ero obnactu npumeHeHusi, He TpebyeT ucnonb3oBaHusi GOMbLLLOrO KONM4YecTBa
NOBTOPHLIX 06pa3LoB (BLIBOPOK), YTO CMOCOOCTBYET 9KOHOMUU BPEMEHU U CPEACTB.

OCHOBHbIM NOHSAITUEM HACTOSILLETO CTaHAapTa SIBMSETCA MatemMaTUuyeckoe onucaHue pacnpeaeneHus
BEPOSATHOCTEN NEPEMEHHON OTKMMKA B TEPMUHAX MATEMaTUYECKU ONpeAerneHHbIX CryyaiiHbiX NPOLEeCCOoB.
3T0 onucaHue NpUBOAMT K OMpPEAENieHUI0 MUHMMANbLHOTO O0BHapyXXMBaeMoro 3HadyeHus. Bszaummocsssb
OTKNMKA U M3MEepSIeMOil BENUYMHBI OMUCHLIBAIOT C MOMOLLBIO NIMHEWHBIX U HEJIMHENHbIX KanMbpOBOYHbIX
q)yHKLmﬁ Takum o6pa3om, HacTosLMi cTaHaapT cornacosaH ¢ MCO 11843-2 n UCO 11843-5.

E)e,ueneﬂue M NMPUMEHEHWE MUHUMAINBLHOTO OOHapYXMBAEeMOro 3Ha4YeHust ycraHoBneHol B CO
11843- 11 n UCO 11843-2?; onpenenenne u npuMeHenne yHKLMM NPELM3NOHHOCTU YCTaHOBNEHbI B UCO
11843-5”. GOYHKUMA NPEeUUsMOHHOCTU OTpaXkaeT 3aBUCUMOCTb TOYHOCTU OT MNPUBEAEHHOW NEpPEMEHHOWM
cocTosiHuA. B Hacrosiwem craHaapTe NpUMEHEHbl OCHOBHbIE NOHATMA cTaHaapToB cepuum UCO 11843 B
cnyyae npeobnagaHusi OHOBOrO LLYMa NpU UHCTPYMEHTArNbHOM aHanu3se.

MuHuMansHOe OOHApY>XMBAaeMOE€ 3HAYEHUE Xy, KaK MPaBuno, BbipaXaloT B €AUHWLAX NPUBEAEHHON
nepemMeHHon coctosHua. Ecnu kanubpoBouyHass yHKUMA NMHENHA, CTaHQApPTHOE OTKIOHEHUEe Wunu
KO3(pULMEHT BapuaLMn NepeMeHHON OTKIIMKA, pacCMaTpUBaeMble B HACTOALLEM cTaHaapTe, MOryT ObiTb
NUHENHO CBA3aHbl CO CTAHAAPTHLIM OTKIIOHEHUEM unu  KO3IMMPUUMEHTOM Bapuauun npuBeAEHHON
NepeMeHHOW COCTOSIHMSI, KOTOpas MOXET ObiTb UCMOMb30BaHA ANA  OUEHKM  MWUHUMAnNbHOIO
0BHapY>XKMBAEMOr0 3HAYEHUS Xg.

Ecnu kann6poBoyvHas hyHKUMA HENUHENHA, PYHKUUSA NPELU3NOHHOCTU nepemeHHon oTknuka B UICO
11843 pomkHa ObITb NpeobpasoBaHa B (PYHKLMIO NPELM3NOHHOCTU NPUBEAEHHONW NEPEMEHHOW COCTOSIHUA,
kak nokasaHo B NCO 11843-5. B aron cutyaumn UCO 11843-5 moxeT ObiTb UCMONB3OBaH Ans Lenewn
HacToALLero craHaapTa 6e3 Kakux-nmbo U3MEHEHUH.

MonoxeHuss HaCTOAILLEro CTaHfjapTa, OTHOCALMEecA K kanubpoBKke, pacnpoCTPaHAIOTCA Taloke Ha
rpagyvpoBky. Mpu 3TOM Noa KanMbpoBOYHON DYHKLMEN cneayeT NOHUMAaTb rPagynpOBOYHYIO KPUBYIO.

" CO 11843-1:1997 CnocoBHOCTb obHapyxeHus. Yactb 1. TepmuHbl U onpeaenenua (ISO 11843-1:1997

Capab|l|ty of detection - Part 1: Terms and definitions).
2 MCO 11843-2:2000 CnocoBHOCTL oBHapyxeHus. Yactb 2. MeTogonorus B cryvae NuHeliHoii kanubposku (1ISO
11843-2 2000 Capability of detection - Part 2: Methodology in the linear calibration case).

% UCO 11843-5:2008 «CnocobHOCTL 0GHapyXeHUs. YacTb 5. MeTogomnorus B cryvasx rMHeAHon N HerMmMHeRHoN
kanubposku (ISO 11843-5:2008 Capability of detection -- Part 5: Methodology in the linear and non-linear calibration
cases).
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HAUMOHANBbHBLIN CTAHOAPT POCCUUCKON ®EQAEPALUMN

CraTMcTUyeckue metoabl
CMNOCOBHOCTb OBHAPY>KEHUA
Yactb 7
MeToAbl OLIEHKMN C y4eTOM (POHOBOIO WyMa

Statistical methods. Capability of detection. Part 7. Methods of an estimation taking into account background noise

Dara BBegenusa — 2015—12—01
1 O6bnactb npuMmeHeHus1

®OHOBLIN LIYM BCEerga CywecTByeT B aHanuTUYeCKUX MHCTpyMmeHTax. B Hacrosiem cranpgapre
YCTaHOBMEHbl METOAbI OLIEHKM MUHUMANbLHOIrO 0OHaAPY)XMBAEeMOro 3HaYeHus B criyyae, koraa (pOHOBbIN LLYM
SIBNSIETCA NpeobnagaioLm UCTOYHUKOM HEONpeaerneHHOCTU uaMepeHuin. MuHumansHoe oGHapyxuBaemoe
3Ha4YeHne MOXeT ObiTb MaremaTuyecku BbIBEIEHO HA OCHOBE CTOXACTUYECKUX XapakTEepUCTUK (hOHOBOro
wyma.

B craHpgapTe yCTaHOBMEHbI OCHOBHBLIE METOABI:

— ornpeaeneHns CToXaCTMYeCKUX CBOMCTB (DOHOBOIO LLYMa;

— WCNONb30BAHUS CTOXACTUYECKUX CBOMCTB (POHOBOIO LyMa AN OLEHKW CTAHAAPTHOIO OTKIMOHEHUSA
(SD) unu koadpmumnerTa sapuaumm (CV) nepemMeHHON OTKIMKA;

— BbIYUCNEHMS MWUHWMANbLHOTO OBHapyXMBaeMoro sHavyenuss Ha ocHoBe SD unu CV (NonyyeHHbIX
BblLLE).

MeTogabl, yCTaHOBMEHHbIE B HACTOALEM CTaHAapTe, Nose3Hbl AN NPOBEPKM 00HAPY>KEHUA BeLlecTBa
C NMOMOLLBIO Pa3nUYHOro TUNa U3MepUTENLHOTrOo 060pyA0BaHUS, B KOTOPOM (DOHOBBIN LUYM nNpeobnaaaeT Hag
APYTMMM UCTOYMHMKaMK HeonpeaeneHHoCTU. Takum nameputenbHbIM 000pyI0BaHMEM MOTYT ObiTb NPUGOPLI
BUOAMMOW W ynbTpacuoneToBo  NOrMOTUTENbHOW  CNEKTPOMETPUM, aTOMHOW  NOrNOTUTENbHOW
CMEKTPOMETPUN, aTOMHO-PNYOPECLEHTHON CNEKTPOMETPUN, NMIOMUHECLIEHTHOMW CMEKTPOMETPUU XXUAKOCTEN U
rasoBoi xpomarorpadcuu.

2 HopmaTtuBHbIE CCbUIKU

B HacTosALem cTaHaapTe UCNonb30BaHbl HOPMATUBHBLIE CCbIMKKU HA crieayiowme ctaHaapThbl:

NCO 11843-1:1997 CnocobHocTb OobHapyxeHus. Yactb 1. TepmuHbl u onpegenenuns (ISO 11843-
1:1997 Capability of detection - Part 1: Terms and definitions)

MCO 11843-2:2000 CnocobHOCTb OGHapyxeHusi. Yactb 2. Metogonorua B cCrny4yae JnMHEWHOW
kanubposku (ISO 11843-2:2000 Capability of detection - Part 2: Methodology in the linear calibration case)

MCO 11843-5:2008 CnocobHOCTb OOHapyxeHusi. Yactb 5. Metogonorus B cny4vasix NUHEWHOW W
HenuHeriHon kanubposku (ISO 11843-5:2008 Capability of detection -- Part 5: Methodology in the linear and
non-linear calibration cases)

NCO 3534-1 Crartucruka. CnoBapb M YyCroBHble 0003HayeHus. Yacte 1. OOwme craTucTudeckue
TEPMUHBbI U TEPMUHbBI, UCMONb3yeMble B BEPOATHOCTHLIX 3aaayax (ISO 3534-1 Statistics — Vocabulary and
symbols — Part 1: General statistical terms and terms used in probability)

NCO 3534-2 Cratuctuka. Crnosapb 1 ycnoBHble 0603Ha4yeHus. Yactb 2. MNMpuknagHas cratuctuka (1ISO
3534-2 Statistics — Vocabulary and symbols — Part 2: Applied statistics)

MCO 3534-3 Cratuctuka. CnoBapb W YyCnoBHble 06003HaueHuss. Yactb 3. [naHupoBaHue
akcnepumeHnTa (ISO 3534-3 Statistics — Vocabulary and symbols — Part 3: Design of experiments)

NCO 5725-1 To4vHoCTb (NpPaBMMbLHOCTb M NPELU3UOHHOCTb) METOAOB W pPe3ynbTaTtoB U3MEPEHUN.
Yacte 1: OOwwme npuHumunel u onpegenenus (1SO 5725-1, Accuracy (trueness and precision) of
measurement methods and results — Part 1: General principles and definitions)

3 TepMUHbI U onpeaeneHns

B HacroAwem cranpgapre npuMeHeHol TepMuHbl no WCO  3534-1, UCO  3534-2,
NCO 3534-3, UICO 5725-1, ICO 11843-1, NCO 11843-2, NCO 11843-5, a Takke cneaylowme TepMUHbI C
COOTBETCTBYIOLLMMU ONpeaeneHUsIMu:

3.1 dyHkuua npeumsmoHHocTu (precision profile): MartemaTudeckoe onucaHwe CTaHAApPTHOrO

U3paHue odpuumnanbHoe
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OTKNOHeHus (SD) nepemeHHON oTknuka [oy(X)] unu craHaapTHOrO OTKMOHEHUA NPUBEAEHHOW NepeMeHHON
coctosnHus [ox(X)] kak PyHKLUIA NPUBEAEHHON NEPEMEHHOR COCTOAHMA.
[MCO 11843-5:2008, 3.4]

MpumedvaHue 1 - KoachduumeHT Bapuauum (CV) nepeMeHHOW OTKNUKA WNU MNpuBeAeHHON nepeMeHHON
COCTOSIHMA, KaK (YHKUMM MpUBEJEHHOW MEpPeMEHHOW COCTOAHUA, Takke MNPUMEHAIT B KavecTBe PYHKLUU
NpeLM3noHHOCTHU.

MpumeyaHue 2 — MNMoa TOYHOCTHIO NOHUMaLOT 3HaveHue SD unu CV Habniogaemolt nepeMeHHOl OTKNUKa unn
SD unu CV npuBeAeHHON NepeMeHHOR COCTOSHUA NPU OLiEHKe ¢ NOMOLLbIo kanubpoBouHoii dyHKkynn (MCO 11843-5).

3.2 MMHUManbHoe OOHapyXuBaeMoe 3HaYeHue NpUBEeAECHHON NEPEMEHHON COCTOAHUA (Minimum
detectable value of the net state variable, x3) x4 3HayeHue NpuBEAEHHON NEPEMEHHOW COCTOAHMA B
OeiCTBUTENbHOM COCTOAHUM, KOTOPOE C BEPOATHOCTLIO (1 — ) BeAET K 3aKNIOYEHUI0 O TOM, YTO CUCTEema He
HaxoauTcs B 6a30BOM COCTOSIHUMW.

MpumevyaHune 1 — Ecnu craHgapTHoe OTKIOHEHME MPUBEEHHOW NEPEMEHHON Ox(X) ABNAETCA KOHCTaHTOW

[ox(X) = 0x], TO MUHUManbHOe o6HapyXuBaeMoe 3HauYeHue Xy onpefenseTca Kak
X = (Ko + Ka)ox, (1)
rae k. — k0athdULMEHT, UCNONB3YyeMbIid AN onpefereHnst BEpOSTHOCTU oWnBKM nepsoro poaa;

Ky — KO3DULMEHT, ucnornb3yeMblii A4na onpefeneHns BeposSiTHOCTM oLLMOBKKU BTOPOro poaa.

Ecnun cTaHpapTHOE OTKIIOHEHWE Oy MEpPeMEeHHON OTKIMKa SABMSETCS KOHCTaHTOW [Ov(X) = Oy], To MUHUManbHOe
ob6HapyXnBaeMoe 3Ha4eHUe MOXET ObiTb BEIMMCIIEHO C NOMOLLLIO CIIEAYIOLLEro YpaBHEHUS:

Xd = (ke + Ka)(ov/|dY/dX ), (2)
roe |dY/dX] — abcontoTHas BenuuuHa YrmoBoro KoadduLMeHTa NMHEeNHON KanubpoBovHOW (YHKLMKU, KOTOPLINA
ABMAETCA NOCTOAHHBIM.

MpumevaHune 2 - Ecnn npuBefeHHas nepemMeHHasi COCTOSIHUSA MMeeT HopMmanbHoe pacrnpeperneHve, Ans
OLUIMBOK NepBoro U BTOpPOro poAa, paBHbIX 5 %, KoadduumeHTsl k. = kg = 1,65, a dpopmyna (1) MoxeT 6bITb ynpoLleHa
0o Buga xqg = 3,300x.

MpumevaHue 3 — Ecnun k. = kg = 1,65, bopmyna (1) npuHumMaeT Bup ox/xq = 1/3,30 = 30 %. [NoaTomy 3Ha4eHune
X4 MOXeT OblTb HaileHo C MOMOLUbIO (PYHKLUM NPELM3UOHHOCTU. 3HAYEHUE Xq COOTBETCTBYET X(Xq), KOahdULUEHT
Bapuauum kotopon coctaensiet 30 %.

MpumevaHune 4 — CywecTByeT GONbLUIOE KOMUMYECTBO BUAOB (PYHKLIUM NPELMSUOHHOCTU, HO OHWU MOTYT ObITb
npeobpasoBaHbl 04Ha B LpYrylo.

Hanpumep, ctaHgapTHOe OTKMOHeHUe Oy(X) nepemMeHHOW OTKNIMKa MOXeT ObiTb Npeobpa3oBaHO B
CTaHJapTHOE OTKIOHEHUE Ox(X) NpuBEAEHHON NepeMeHHON COCTOAHUA C NOMOLLBIO aBCOMNOTHOrO 3HAYEHUA
npoussoaHon |dY/dX| kanuBposounoi pyHkumm [Y = f(X),]: 6x(X) = oy(X)/|dY/dX] (ZMCO 11843-5). TouHOCTb
3TOro NPUBNMXEHMSA 3aBUCUT OT KPUBU3HbI PYHKLUUKN B TOUKE onpeaeneHuns d’YidXx?>.

MpumedvaHune 5— AgantupoBaHHoe onpegenenve no NCO 11843-5:2008.

4 KonnuecTBeHHbIN aHan13 U (pOHOBLIN WYM

4.1 \cTOYHUKM OIMOOK Npu aHanuse

KonuyecTBeHHbIA aHanu3 npoueaypbl NONyYEeHUS 3HAYEHUA U3MEpPsSIEMON BENUYUHBI, Kak NpaBuno,
BKIOYAET noAroToBky npobbl (BbIGOPKM), UHCTPYMEHTAaNbHLIA aHanus, o6paboTKy AaHHbIX U KanubGpoBKy.
OTu aTanbl aHanusa TEXHUYeCKM He 3aBUCAT ApYyr OT Apyra Kak npouefypHO, Tak U B BEPOSITHOCTHOM
CMbICrie.

B HacrosileM cTaHgapTe pacCcMOTPEH TOMNbKO MHCTPYMEHTanbHbii aHanud. OgHako ownbku apyrux
3TanoOB TaKke BMUAKT Ha KOHEYHOE 3HaYeHWe WU3MEpSEeMOW BEeNMYMHBLL. Takum oOpasoM, CymMmMapHasi
HeonpeaeneHHoCTb OLEHKU M3MEepPAEMON BENUYUHbLI 3aBUCUT OT HEOMNPeAeneHHOCTEN COOTBETCTBYHOLLUMX
3TanoB. [ns ucnonb30BaHUA HACTOALLEro cTaHAapTa HE0OX0AUMO BbIMOSIHEHME CMEAYIOLNX YCINOBUIA.

Ecnu 3HayeHue cogepxaHus BellectBa OMM3KO K MUHMMAanNbHOMY OBHapyXXMBAaeMOMY 3HAYEHMIO B
xpomarorpacum, 10 owmbka, COOTBETCTBYIOLLAS BBOAMMOIN B Xxpomatorpad npobe, MeHee 3Hauuma
(hanpumep, koadduuneHT Bapuauum CV = 0,3 % B coBpemMeHHOM annapaTte), Yyem OHOBbIN WwyM (CV = 30
% no onpeaeneHunto). Ecnu Bnusinne gpyroro gpakropa (He wyma) COnoCTaBumMoO C BIIUSTHUEM LLyMa, METOAbI
HacTosLLero craHgapTa He NPUMEHUMBbI.

O0paboTka AaHHbIX — MPOLIECC, HanpaBMEHHbIN HA BbigeneHwe u3 o6Lero MHCTPYMEHTANbHOTO LWyMa
TakMx napaMeTpoB CWUrHana, Kak BbICOTa MMM nnowaab nuka (OTHOCUTENbHAs BbICOTA BEPLUMHbI
nNuKoOpa3HOro cUrHana unm uHTerpan UHTEHCUBHOCTU No 06NacTu curHana, CooTBETCTBEHHO). B HacTosALWweM
cTaHgapte npusedeH MeToh CTaTUCTMYECKOro aHanusa BIMSHUSA 3TOr0 MPOLEecca Ha HeonpeAeneHHOCTb
pe3ynbTaTtoB WU3MepeHuil. cnonb3oBaHue UUMPOBOr0 MMM aHanoroBoro unbTpa Takke MoxeT ObiTb
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YUYTEHO MpW BbINOJIHEHMN aHanus3a Lwyma nocne unbTpauun.

4.2 CnyuJaliHblil npouecc pOHOBOrO WyMa

TUANYHBIMKM NpUMepaMu NepeMeHHOl OTKMKa B XpomaTtorpadun siBAAIOTCA BbiCOTa M NOLWaAb NuKa.
B HacToslem cTtaHgapTe 3a pasHocTb [hopmyna (6)] u nnowaab [hopmynbl (10) u (11)] nHTEHCMBHOCTEN
NPUHMMAOT COOTBETCTBEHHO Pa3HOCTb M CYMMY WHTEHCMBHOCTEW Y) BbIXOAHbIX AaHHbIX W3MepUTeSIbHOro
npubopa. [llepemeHHble OTKAMKA OObIMHO He3aBUCUMbI APYr OT Apyra, Aaxe ecfM OHW MOJyyeHbl B
pesynbTaTe nocnefoBaTteflbHbIX W3MEpeHWidi OAHMM U Tem e npubopom. C Apyroi CTOPOHBI,
nocnefoBatesfibHble WHTEHCMBHOCTM Y) ChOPMyNMpOBaHbl, Kak He3aBUCALMA OT BPEMEHWN CyYaiHbIl
npouecc, U BO MHOMMX Criydasix MOXeT ObiTb paccMoTpeH wym Mf( cm.[1]).

Cnektp mouwHoctn P(f) wyma MfumeeT yrnosoii koachdulmeHT, 06paTHO NPONOPLMOHaSIbHbI YacToTe

P{HKYy. @

roe f 6113ko K Hynto.

B matemaTunyeckoii Teopun camasi npoctas Moefb C/lyvyaiHoro npouecca - 6enblid wym. MycTb w, -
cnyyaiiHaa nepeMeHHas 6enoro wyma B /-0if Touke. Mo onpegenexuto cpefHee 6enoro wyma paBHO Hy/o,
a cTaHfapTHOe OTK/0OHeHMe W 6efnoro wyma sBASeTCA MNOCTOSAHHbIM B Kaxol Touke /. SApkoi
0COGEHHOCTbLI0 6eN0ro LWyma SBASETCA TO, YTO MHTEHCMBHOCTU W, U W He 3aBWUCAT Apyr OT gpyra, ecam / @

MapkoBCkuiA npouecc npeactasnseT coboli MaTeMaTuyeckylo Mogesb, B KOTOPO UHTEHCUMBHOCTM M, u
Mj He ABNAIOTCA HesaBUCUMbIMK Apyr OT gpyra (/ ®j). MapkoBckuii npouecc paccMaTpuBaloT Kak OCHOBY
3aBUCALLMX OT BPEMEHW BbIXOAHbLIX AaHHbIX M3MepuTenbHoro npubopa [cm. (9)]. MapkoBckuii mpouecc B
Touke / UMeeT BUL;

M/= pMm HT77l. 4

roe T, - C/lyyaiiHas nepemeHHasi 6e/10ro wyma B Touke /;
P - noctosiHHbIV napameTp (-1 < p <1).

5 Teopna npeunsanoHHOCTU

5.1 Teopus, oCHOBaHHas Ha PYHKUMN aBTOKOBapuauunm
Teopus, npeanoxeHHas BalinechopgHepom (cm. [2], [3], [4]), ocHOBaHa Ha hyHKLMM aBTOKOBapuawlmm

Q)

rae E[ ] - maTematuyeckoe oxugaHue crlyvyaiHOn nepemeHHol, ykasaHHOW B KBafpaTHbIX CKOGKax B
TOuKE to.

PUCYHOK 1 - CurHan (BepxHsis IMHUSA) U WYM (HUXKHAS NIMHUA) C Pa3/INUYHBIMU UHTEHCUBHOCTSIMM
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B BepxHeli 4yacTn pucyHka 1 n3o6paxeH CurHan B Buae NpubAU3UTENbHO NPSAMOYroflbHOro MMNynbcea.
Lym (asnswowmiics ¢QOHOM), HaknaAblBaKLWMIACA Ha CUTHaN, M306paXeH B HWXHel 4acTu pucyHka. to -
3HayeHne BPEMEHW npu OTCYTCTBUM curHana, a t0 + 18 - 3HayeHue BpPeMeHU Mpy HaMyuuM curHana.
N3mepeHne (4TeHne curHana) npepcraBnsieT co6oli pa3HOCTb MHTEHCMBHOCTEW B MOMEHTbI BpeMeHu t0wu (t0
+ 13. B otcyrcTBMe (DOHOBOro LWymMa 3HayeHwe curHana B Touke tO paBHO Hymo. [py npoBefeHUn
usMepeHuii B Touke (10 + 1§ curHan vMmMeeT KOHeyHoe 3HauyeHue. B HacTosAwem craHgapTe npviBeAeHbl
MOAENN W3MEPEHWI, B KOTOPbIX CUTHaUT U LWIYM HaknaablBalTCA APYr Ha Apyra, 3TOT o6WuiA cny4valiHbli
npouecc NpMHUMaeT 3HayeHue Y, B MOMEHT BpemMeHun U WHTEeHCMBHOCTM curHasia B Toukax tO m (t0 + 18

0603HavalT Yt M Yt 1, COOTBETCTBEHHO, @ Pa3HOCTb MHTEHCUBHOCTEW COOTBETCTBYET (6).

PasHOCTb 3HauyeHwin yHKummM asTokoBapuauum \|/[(T) &8 Toukax 0 u T8npe,u,CTaBnﬂeT co6oii npasyto
yactb dopmynbl (7). MuUHMManbHOe O6GHapyXuBaemoe 3HayeHue CBA3aHO C (POHOBbLIM LUYMOM, PasHOCTb
WHTEHCUBHOCTEW CUrHasia 4acTo MPUMEHSIT B aHa/IMTUYECKON ONTUYeckol cnektpomeTpun. OnpegenexHve
Pa3HOCTN MHTEHCUBHOCTEN CUrHasna, HanpuMep YTEHUE CUrHasa ¢ NonpaBkoi Ha choHoBbI cm. B [2], [3], [4].

AY=Y -Y 1 ©

3pecb AY COOTBETCTBYET MEPEMEHHON OTKIMKa Y. Ancnepcus pasHOCTU MHTEHCUBHOCTEN curHana
nmeet Bug (7) (cm. Takxke [2], [3], [4]). O6ocHOBaHUe chopmynbl (7) NpuBEAEHO B NPUIOXeHUN B.

2[v (0)-V (t9)]. )

dopmyna (7) umeeT npakTuyeckoe npumeHeHne (CM. PUCYHOK 2), korga dpakTnyeckne dyHKLUN
asTokoBapuaumn y(0) 1 \/(ts) M3BECTHbI U3 HabNaeHn 3a (PoHOBbLIM LWYMOM. MoacTaBnsasa 3HavyeHve alyus
copmynbl (7) B hopmyny (2) (Y= aAY) MOXHO NOAYyYMTb MUHMMa/IbHOE OOHapyXXMBaemoe 3HavyeHue.

MoxHO wncnonb3oBatb Teopemy BuHepa-XuvHumHa (cm.[5]), koTopas cBsi3biBaeT  (PYHKLUMIO
aBToOKOBapuauuMn Co CNekTpasbHON MAOTHOCTHI0O MOLLHOCTM (CMEKTPOM MOLLHOCTM) Yepe3 npeobpasoBaHue
dypbe

©
v (t») =X (/)1 G (/)] 2cos(27i/Ts)d/, 3)
0
roe Sk(f) - cnekTp mMowHOCTN HabnogaeMoro 9OHOBOIO LLYMa,;

G(f) - yacToTHasa xapakTepucTvka (IMHENHON) CUCTEMbI CUATLIBAHUA AaHHbIX.

dopmyna (8) nokasbiBaeT, kak OLEHWUTb CTaHAapTHOe OTkNoHeHue (cMm. dopmyny (7)) Ha ocHoBe
cnekTpa MOLHOCTY LyMa.

5.2 Teopus, OCHOBaHHaA Ha CNekTpe MOLHOCTMU

Teopusi, OCHOBaHHas Ha CMeKkTpe MOLWHOCTM 6a30Boii nnHUM unm Teopus FUMI (dpyHKUMKM B3auMHOM
nHpopmaumm) (cm.[6], [7], [8]), AaeT BO3MOXHOCTb BbIYMCAATb CTaHOAAPTHOE OTK/IOHEHWE W3MEPEHHbIX
naoWaan 1 BbICOTbI NWKa MPU MHCTPYMEHTa/IbHOM aHanuse. V3aMepeHHble 3HayeHus NpeacTasBnsioT coboi
CYMMapHyl WHTEHCMBHOCTb BbIXOAHbIX AaHHbIX W3MEpUTEesbHOro npubopa Mo 3ajaHHON 0651acTh, Kak
nokasaHo Ha pucyHke 3. Ecnu curHan (dopma v pasmep) SsBASETCA UHBAPUaHTHbIM, OLIMGKa Npy M3MepeHun

4
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naowaam WM BbICOTbl MWKa CBsi3aHa TOMIbKO C LUYMOM M paBHa nnowaau (BbICOTE), COOTBETCTBYOLLEl
WyMy B 3afaHHON obnacth. Takum ob6pa3oM, OLIMOKa M3MEPEHWI xapakTepu3yeTcs naolianbio (BbICOTOW)
nvka, cooTBeTCTBYyOLW el LWyMy. CTaHAapTHbIe OTK/IOHEHWA nowaan (BbICOTbI) MWKa Liyma, COBMagatkT Co
CTaHOapTHbLIMU OTK/TIOHEHUSAMU M3MEPEHHbIX Naowaan (BbICOTbI) MMKOB.

ek NE
Z - HyneBas o6nactb(06n1acTb OTCYTCTBMA CUTHaA);
S - obnactb curHana;

/- 061acTb HANIOXEHNA CUTHaNa ¥ LWyMa,;
(ocTanbHble 0603HaYEHMA CM. B MPUNOXeHUN A.)

PucyHok 3 - CurHan u Wwym B Hy/eBOi 06/1acTy U 06/1aCTV HAUTOXKEHUSI CUTHANA U LWyma

KonmMuecTBo TOUEK faHHbIX B 06/1aCTU HANOXeHUs1 curHana u wyma pasHo (kf- k0.
B Teopun FUMI MHTEHCMBHOCTb LiyMa Y) B TOuke / OnMcaHa Kak Ha/lloXeHue ciydaliHblX MpoLeccoB
6enoro wyma U MapKoBCKOro npouecca:

Y, = W+ M, ©)

Lensio Teopun FUMI aBnsetca onpefefneHne OUEeHKM CTaHAapTHOro OTKAOHeHusa wyma AF no
N3MEpPEHVAM B 3afaHHOM 06n1actn (CM. pUCYHOK 3).

Ha npakTuke, 0co6eHHO B xpomaTorpaduu, NPUHATbI pasvyHble Cnoco6bl 06beANHEeHNUA curHana u
wyma (CM. puUcyHok 4). 3mepsieMoil BEIMUMHON ABNsieTcs o6befuMHEeHHas WHTEHCUBHOCTL Bbille 6a30Boi
NIMHWKW, KOTOpasi MOXeT OblTb TFOPM3OHTANILHOW WM HakNoOHHOW B npegenax o6bnactm [kc + 1, Kl
Fopu30oHTaNbHON 6a30BOW NIMHWER ABNSAETCSA TOPU3OHTasIbHAsA JIMHWUA WHTEHCUBHOCTWM B HY/IEBOW TOUKe.
HaknoHHan 6a3oBast IMHUA COeAMHAET UHTEHCUBHOCTM Ha Kpasix 061acTu HasloxeHua curdana u wyma [o,
K€. 3TO 06bIYHO MOXHO HabMAaTb B Xpomartorpadum (aBneHune «gperiga).
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PucyHok 4 - Mofenv HanoXeHus Bbllle rOPU30HTaNIbHON MHUK (MYHKTUPHASA NIMHUS) U HAKIOHHOW NIMHKK
(cnnowHas nuHUs) mexay Toukammn tk+ n ti

Mnowanb 061acTn Mexay cnydaiiHoi TpaeKkTopuel npouecca «CUrHa M/kc WyM» Y TOPU3OHTA/IbHON
JIMHWEN B 3afjaHHOI 06/1aCT MOXHO 3anucaTtb B BUAE:

J1. (t0)

i=kc+1

rAe WHTEHCMBHOCTb Lyma Y, onucaHa dopmynoin (9), a At - BpPeMEeHHON uHTepBan Mexay
nocnefoBaTe/NbHbIMW JaHHbIMU.
Ecnn B kayecTBe 6a30BOI NMHWM UCMOMb30BaHA HAK/TOHHAA IMHUA, AP MPUHUMAET BUA;

(« n

4 -4 . (1)

roe Aj - naowaab obnact B BuAe Tpaneuun, o6pasoBaHHON HaK/OHHON MPSMON, rOpM3OHTasIbHOM
NpsIMO/i 1 BepPTMKabHbIMK NPAMbIMU, MPOXOAALLMMU Yepe3 KpaeBble TOUKU 3afaHHoin obnactu (kc + 1) u kf
(cm. pucyHok 4). Ona cuTyauun, NpeacTaBNeHHON Ha pucyHke 4, naowanb AT 6epyT C oTpuuaTesibHbIM
3HaKoM. ECAM HaknoHHaa NMHUS pacnofiokeHa B 3aJaHHOW 061acTy Bbllle TOPU3OHTa/IbHOW JIMHUN,
naowasb Tpaneummn 6epyT ¢ NONOXUTENbHbIM 3HAKOM.

O6LLee BblpaxeHne A8 CTaH4AapTHOMO OTK/IOHeHUs Ap nMeeT Bua;

cfF=(e [4])W (12)

roe E[] - cpegHee cnyvaliHOW BenMUYMHbI, YKa3aHHON B KBaApaTHbIX ckobkax. Heob6xoanmo oTMeTuTb,
yto E[/Ip] = O, Tak Kak No onpefeneHnio cpeaHee LWyMa C ropM3oHTanbHOW 6a30BOW NUHKER (NepBbIil YNeH B
npasoit yactn chopmynbl (11)) paBHO Hyno 1 cpegHee Ans AT paBHO Hyto (CM. npunoxexue C).

MpuBefeHHble OpMy/bl  CNpaBeAMBbl B YCNOBMAX MNPEANOSIOKEHNS, UTO He CyllecTByeT
HeonpeaeneHHOCT HyNneBoro yposHsd, T.e. YO = 0. OgHako Takasd HeonpenesieHHOCTb CyLlecTByeT U ee
cnefyert yuuTbiBatb. M3mepeHns B xpomartorpagum 06bI4HO BbINOHAKOT OTHOCUTENIbHO HY/IEBOrO YPOBHSA,
KOTOpbI/i SBNAETCA BbIGOPOYHLIM CPEAHNM WHTEHCMBHOCTEN wWyMa no obnactu, YyNOMSHYTON B HacTosLleM
cTaHfapTe, Kak HyneBas (CM. PUCYHOK 3).

KBagpar cTtaH4apTHOrO OTK/IOHEHUSA O~ B nNpejenax Hynesoi obnactn nmeeT Bug (cm.[6], [7], [8]):
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6} =0, +o;, (13)

2 -«
rae G, — AMCNepCHs, COOTBETCTBYIOLAsi HYMeBO# obnactu, 012, — [WCMEPCUS,, COOTBETCTBYIOLLIAS

usmepsiemoli obnactu [cr 3agaHa copmynoii (12)]. ObocHoeaHue copmyn (14) u (15) npuBeaeHo B
npunoxenun C. MuHumanbHoe OoOHapyXuBaemoe 3HayeHue MOXeT OblTb MOMy4YeHO MOACTaHOBKOM
cdhopmynei (13) B chopmyny (2).

Oucnepcusn cé MOXET ObITb OnMcaHa cneaytowpmm obpasom (cm. [6], [7], [8]):

k.—k) _, (k—k) —o® —o®)
Gzz(f c) W2+(2f 0)2( _pl p+p21 szmZ (14)
b b*(1-p) 1-p 1-p
BnusHue o6beauHEeHNs CUrHanoB B yCTAHOBNEHHON o6nactu npuHuMaet sua (cMm. [6], [7], [8]):
0}27 :(kf _kc)2 W+
ek 20k k)
+;2 kf—kc—2p1 P +p21 A P
(1-p) 1-p I-p
— ch) _ kf’kc
+p21 Pz(l p J’hz_'_
1-p 1-p
+a’w’ +
_ 2k _ kK 2k ki—ke (1 ek +l-i 7
+or B2 (lp—jpk‘”“] (—1 p_zJ +Z[—1 : p’“‘”‘“] m’, (15)
1-p 1-p 1-p i 1-p
rae o= (kf _kc)(kf +kc +1) (16)

2k,

W — 8D 6enoro yma;

m — SD 6enoro wyma, BKMIOYEHHOTo B MapKOBCKWiA MPOLIECC;

p — NOCTOsAHHbLINA NapameTp MapkoBCKOro npouecca;

ke, ks n Ko — noKasaHbl Ha pucyHkax 3 u 4;

b — KONMYeCTBO NocnegoBaTenbHbIX AaHHbIX (TOYEK) B HyneBoi obnactu [-b + 1, 0].

Mate uneHoB B dopmyne (15) o0003Ha4alT creaylolme CcToxacTMyeckue BKnaabl B
HeonpeaeneHHOCTb USMEPEHUI:

— NEPBbIN YNeH: NOrpeLLHOCTL 6enoro Lwyma B 06nacTu 06beanHEHNS CMHana 1 yMa (BCero Touek Kk —ko);

— BTOPOMW YneH: ownbka MapkoBckoro npouecca B 06ractu o6beAMHeHna curHana u wyma (ks — ks Touek);

— TPETUN uneH: BMUAHWE K, TOYEK MexXay HYNeBOM TOYKOW W HayvanbHOW TO4YKOM obnactu
006beanHEHUA curHana u wyma;

— YeTBepTblii YNeH: BnusHue 6enoro LwyMa npu HaknoHHoW 6a3oBoN NUHUNK;

— NATbIA YneH: BAMaHue MapkoBCKOro NpoLecca npu HaknoHHoW 6a30BOM NUHMMN.

6 MNMpakTuueckoe npumeHeHune Teopun FUMI

6.1 OueHka napamMeTpoB WyMa

Bce napameTpbl, Heobxoaumble ans npuMmeHeHnusa teopun FUMI, T.e. chopmyn (13) — (16), MmoryT ObITb
O0AHO3HAYHO onpeaeneHsl Ha OCHOBE 3KCNepUMEHTanNbHbIX AaHHbIX. MapameTpbl curHana (b, Ko, ki, ko) MOryT
ObITb YCTAHOBMEHbI B COOTBETCTBMM C (DOPMOM LENEBOro nuka, Kak nokasaHo Ha pucyHke 3. C apyroi
CTOPOHbI napameTpbl wyma (W, M, p) aBTOMATMYECKU OMNPeAensioT MO ChekTPanbHOM MNOTHOCTM
MOLLIHOCTY LUYMa, KaK ONUCAHO HMKE.

CnekTpanbHylo MAOTHOCTb MOLUHOCTM LUyMa Mofy4yarT ¢ MNOMOLLB0 npeobpasoBanus dypbe
pe3ynbTaTtoB uaMmepeHun Y. MNMpeobpasosaHue Pypbe u nHBepcusi npeobpasoBaHua dypse MMEIOT BUA:
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1)
o=y K'T1 (18)

roe N - KO/IMYecTBO HabGMAEHMN, BKIOYEHHBIX B 06/1aCTb NpeobpasoBaHus dypbe;
W =exp H2Tr/N))];

j - MHUMas eguHMUA.

CnekTpasibHas NI0THOCTb MoLHOcTM P(K) cnyyaiiHoro npouecca Y, UMeeT BUA:

P (1) ©

rae Y K- conpshkeHHoe umcno K YK.

Ecnu npuHATb MoAdenb wwyma, onvcaHHylo topmynoin (9), cnekTpasbHas MAOTHOCTb MOLLHOCTU B
chopmyne (19) moxeT 6bITb onuncaHa (cm. [6], [7], [8]) cneaytoLleli hopmyioii:

p (k) T~ W Q0)

@ P)[(1 P)2+4n2(k/N)2]

MapameTpbl w, T, P, Heobxoaumble Ana Teopun FUMI, MoryT 6biTb onpefeneHbl C MOMOLLbHO
HeNnHeHoro MeToda HavMeHblUMX KBaApaTtoB Mnpu annpokcumauuu dopmynoli  (20) chnekTpanbHoM
NJOTHOCTW MOLLHOCTMN (pakTU4ecKoro oOHOBOrO Luyma.

MepBblli uneH npeobpasoBaHus ®ypbe YO B dopmynax (19) u (20) ABnseTcs MNOCTOSHHOM

COCTaB/IAIOWENA, @ COOTBETCTBYOLLEN CnekTpanbHOW MAoTHOCTbI0O P(0) MOXHO npeHebpeyb. YactoTa K B
cdhopmyne (20) AaBnseTca LenbiM YACAOM, HO MOXET 6biTb OrpaHudeHa guanasoHamu ot 1 go N12, rge N12 -
yacTtoTa HalikeucTta. TunuuHblii npumep doopmysbl (20) nokasaH Ha pucyHke 5.

Ha npakTvke 4acTOTy K 4acTO BblpaxalwT B repuax. Ecnm At - BpeMeHHOl uWHTepBas Mexay
nocnefosartesibHbIMA TOYKaMK (MHTepBasl aHasoro-uMdpoBoro npeobpasosartens, WUCMNONb3yemMoro A
nony4yeHusa gaHHbix Y). YactoTa, coorBeTcTBytowas Kk (= 1,2,..., N12) nmeet Bug ki(At-N).

PucyHok 5 - CneKTpaanaﬂ MNAOTHOCTb MOLWHOCTMN CMOAE/IMPOBAHHOIO WymMa

Ha npakTuke cnekTpasibHas MNJ0THOCTb MOLLHOCTWM CUrHasia IBNSeTcs 0OblYHO MeHee rnafKkon, yem
nokasaHHass Ha pucyHke 5. Mpu o6paboTke peanbHbiXx HabNwAeHWA 06bIYHO HabnlgalTca Hebonblive
OTK/TOHEHWA OT [N1AAKON KPUBOIA.

6.2 Mpoueaypbl OLEHKM CTaH4APTHOrO OTK/IOHEHUSA

Mpn npumeHeHun Teopum FUMI gna onpegeneHus OUEHKM CTaH[apTHOro OTK/IOHeHMs B 06/1acTu
BbIMO/IHEHNSA U3MEPEeHWi HE06X0AMMbI BbIXOAHbIE AAHHbIE M3MEPUTENbHOro nNpubopa, YTo B CBOK OYepedb
no3BoNsieT onpefenuTb MUHMMaNbHOE O6HapyxuBaemoe 3HaveHue. [No/HbI Habop 3TanoB BblUUCAEHUN
nokasaH Ha pUCyHke 6.

8
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Ona onpeaeneHuss napameTpoB CuUrHana W LwWymMa HeoOXoAuMbl 3HAYEHUS BbIXOAHLIX [aHHbIX
(xpomartorpaMmsl, cnekTpbl). MapameTpbl curHana BKMOYaT 06nacTb curHana ot Touku 0 A0 TOUKM Ko,
06nacTb HaNOXeHMA curHana u wyma ot Touku (k, + 1) 40 TOYKM ks, n HyneByto obnactb ot Toukmn 0 go (b +
1) (cm. pucyHok 3). Obnactb curHana BknoyaeT (ke + 1) AaHHbIX, 06NacTb HANOXeHUst curHana u wyma (ke —
k:) paHHbIX, @ HyneBasa obnactb — b AaHHbIX.

MapameTpsl cMrHana npom3BorbHbI, HO Ha NpakTuke ByayT NnonesHsl Cneaywme pekoMeHgauuu. ans
[[ayCCOBCKOro curHamna, nokasaHHOro Ha pucyHke 3, obnactb curHana MOXeT OoxBaTbiBaTb + 30 unu * 40
BOKPYF LEHTpa CurHana, rge 0 — CTaHAapTHOE OTKIOHeHWe (LUMpuHa curHana), a UeHTp curHana fBnsevcs
cpeaHuM MayccoBckoro curHana (k. = 60 unu 8c). Bo MHOrux criydasx pesynbtatamMmu MU3MepeHuin ABnsaTes
BbICOTA MNK BCA Nnowaab nuka. [nsa namepeHuit BbiCoTbl Nuka ki = K, + 1. AN namepeHuin nnowaam nuka K
= ke — 1 n k, = 0. Bo BCex cny4anx KONUYeCcTBO AaHHbIX (ToYek) B o6nactu o6beanHeHnsa curHana u wyma
coctaBnsaet (ki — k;). ObbeanHeHne no 4vactu obnacTu curHana, Kak mokasaHO Ha PUCYHKe 3, Takke
3(phEKTUBHO C TOUKM 3pEHMSA TOYHOCTU. Hynesas obnactb MOXET ObITb YCTAHOBMEHA OMbITHLIM MyTEM, Kak
obnactb 6onee yskasi, 4em 06nacTb CMrHana, kak nokasaHo Ha pUCyHke 3.

B ornuuve OT napameTpoB curHana, napameTpbl wyma (W, A1, p) OAHO3HAYHO ONPEAEnsiioT B
COOTBETCTBUM CO CTOXaCTUYECKMMM CBOMCTBAMKU (DOHOBOrO LWymMa. HekoTopble npumMmepbl U3 xpomaTtorpadum
npueeaeHbl B Tabnuue 1. Ha nepBomMm atane Heobxoaumo maeHTudunumpoBaTh ob6nacte OHOBOrO LLyMa,
rae HeT CyLLEeCTBEHHOrO BKnaja curHana.

Ha BTOpom aTane BbINOMHAWT npeobpasoBaHme ®ypbe (POHOBOrO LLyMa B 9TOM 06NacTh U BbIMUCASIOT
CMeKTpanbHy0 MAOTHOCTbL MOLWHOCTU no dpopmyne (20). Ecnu B copmyne (20) konuyectBo Todek N He
npesbiwaet 2", ana 6uiICcTporo npeodpasosaHus PypbLe pekoMEeHAYETCH MCnonbL3oBaTh 512 unu 1024 Toyek,
B TOM yucne 50 unu 100 Touek B 06nacTu curHana.

Ha TpeTbem atane MeToaoM HauMEHbLUMX KBaApaToB MoAOMPalOT TEOPETUYECKYIO KpUBYIO [Popmyna
(20)] ana cnekTpanbHON NAOTHOCTU MOLLUHOCTM, KaK YNOMSAHYTO Bbiwe. Mpu HeBONbLIOM KONMYECTBE AaHHbIX
B o6nactu BbicTporo npeobpasoBaHusa dypbe (Hanpumep, 32) B HEKOTOPbIX Criydasix MOABMSIETCA CMELLEHne
OLEHOK NnapamMeTpoB LUyMma.

[MapamMeTpbl curHana u wyma, onpeaeneHHble Kak YNOMSHYTO Bbllle, NoACTaBnaT B popmynbl (13) —
(16) Ana nony4YeHnsi OKOHYaTEeNbHOro 3Ha4YeHNUs B COOTBETCTBUK C Teopuein FUMI (TouHoCTH).

MpumMeHumocTb Teopun FUMI gOBOMbHO UMPOKA, HO CYLLECTBYIOT ABE CMTyauuu, B KOTOPbIX OHA HEe
npumMeHuma:

— OCHOBHbIM WCTOYHWKOM MOTrPEeLUHOCTM He sBnseTca POHOBLIA WyM. B macc-cnekTpockonuu, ecnu
npoLecCc MOHMU3aLMN AaeT HAMHOro O0MnbLUyt0 MOrpeLHoCTb, YeM LwyM, Teopua FUMI paet 3aHuxeHHoe
3HAYEHWEe CTaHAAPTHOrO OTKIIOHEHUS B 0BNacTu M3mMepeHui;

— ecnu (hakTUYECKMIn MHCTPYMEHTANbHbINA LUYM BKIIOYAET LUYM, KOTOPbI HE MOXET ObiTb YCMELUHO
annpoKCMMUpPOBaH O00beAMHEHHbIM npoueccom Genoro wyma u Mapkosckoro npouecca. MNpumep — wym
BbICOKOW UHTEHCUBHOCTMU.

MuHuMmanbHOoe OOHapyxuBaemoe 3HayeHne MoxeT ObiTb HangeHo rpaduyeckm Ha OCHOBe
nokasatenen MPeuu3noHHOCTU, Kak NpUMBEAEHHaA NEepeMEHHas COCTOSHWSA, B KOTOPOW KO3puuneHT
Bapuauun npuBegeHHON NepemMeHHON cocTosiHuA coctasnseT 30 %. 3TOT MeToa Takke MPUMEHUM Ans
KoahduymeHTa Bapuauum nepemMeHHON OTKMMKA, Tak Kak YHKUMA MPEeUnu3MoOHHOCTU NPUBEAEHHON
nepemMeHHON COCTOSAHMA WAEHTWYHA TAKOBOM ANA MEepeMEHHOW OTKNMKa, ecrnu KanubpoBouvHas (PyHKUUS
nuHenHa (cm. [9], [10]). B cnyyae HemnuHERHON KanuOpPOBOYHOM YHKUMM, YHKLMU MPELU3NOHHOCTU
nepeMeHHOW OTKNMKa W NpPUBEAEHHOW TMEepeMEHHOW COCTOAHMA pasnuyHbl. B atom cnyvyae and
npeobpa3oBaHna Pas3nNUYHbIX (PYHKUMA NPELM3NOHHOCTUM U OUEHKM MUHMMANbLHOTO OOHapy>XMBaeMoro
3Ha4YeHUs NPUMEHAIOT METOA, YCTaHOBMNEHHbIN B MCO 11843-5.

Ta6bnuuya 1 - Npumep OLEHKU NapaMeTPOB LIyMa B Xpomartorpadum (cm.[6])

JkcnepuMeHT W m p
SKCnepumMeHT A 14 3,7 0,99
JKcnepumMeHT B 12 9,0 0,94
akcnepumeHTt C 14 5,6 0,99
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BbIxofHble gaHHbLIN

n3mepuTensHoro®
npubopa
i
(S
N CurHan LLym

11peobpa3zoBaHue
Pypbe

Y MOUHOCTb yI™

| pumeHeHne
hopmynbl (20)

Yy MapameTpbl / A MapameTpbl i
curHana |/ / wyma /

dopmyna (13)

C—|peLWI3I/IOHHOCTb

PucyHok 6 - Mpouepnypbl Teopun FUMI
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MpunoxeHue A
(cnpaBouHoOe)

O603HaueHuA U cokpaleHus

sSD — CTaHgapTHOE OTKIOHEHHUE;

CcVv - KkoadpdpuumeHT Bapuayum (SD, nenerHHoe Ha cpefHee);

X — MNpUWBEAEHHasa NepeMeHHast COCTOSHUS;

Y — nepemMeHHas OTKNMKa (M3MepeHHble NNoLWwaab UMW BbICOTA MUKa);

t; — |- 0e 3Ha4YeHue BpeMeHun u3 paga ty, b,...;

At — 0Tpe3ok BpemeHu (t.1 — &) aHanoro-umcpoBoro npeobpasosaHusa npy cOope AaHHBIX;

Y; —  WHTEHCUBHOCTb BbIXOJHbIX AaHHbIX Npubopa B MOMEHT BpeMeHMu f; (Cymmy Y; 0603HauaoT
Y);

Y: — WHTEHCUBHOCTb BbIXOAHbIX AaHHLIX Nnpubopa t (cymmy Y; 0603HayaloT Y);

Xq — MUHMMAanbHOE 0BHapyXMBaeMoe 3HaYeHUe NpuBeaEHHON NEPEMEHHON COCTOSHUS;

Kk, —  KO3(pPUUMEHT ANA oNpeseneHns BePOATHOCTY OwKnOKN nepeoro poaa;

Ky - KO3ppUUMEHT, UCNONL3YEMbIN ANA ONpeAeneHusi BEPOATHOCTU OWKMBKM BTOPOro poaa;

ov(X) — SD nepemeHHoW OTKNUKa kak PyHKUusa X;

ox(X) — SD npuBeaeHHON NEPEMEHHON COCTOSAHUA KaK PyHKUUA X;

|[dY/dX

| — nNpou3BOAHas KanubpoBO4HON YHKUMM (aOCONOTHAs BENUYNHAY);

E[-] — cpeaHee (MaTeMaTuYecKoe OXUaHUE) Cny4aiHON BENUYMHDBI, YKA3aHHON B KBaAPaTHbIX
ckobkax;

w(r) — dbyHKUMA aBTOKOBApMaLuu ¢ 3anasgbiBaHnem 1, onpeaeneHHas no cdopmyne (5);

w; — 3Ha4yeHue criy4anHol BenmumHbl 6enoro Wwyma co cpeAiHUM paBHbIM HyMio n SD paBHbIM
W B TOYUKE /]

W — SD 6enoro yma w;;

M; — 3HayeHue cny4anHon senuunHbl MapkoBCKOro Nnpouecca B TOUKeE i;

m; — ©Benbini WymMm, BKINIOYEHHbIN B MapKoBCKUii NPoLIECC, B TOUKE /, ONpeaeneHHbI hopmMyrnoi
“);

m - SD 6enoro wymMa m, BKNOYEHHOro B MapkoBCKuid NpoLecc;

— OTHOLLEHuWe, UCMOoNb3yemoe AN COXPAHEeHUs1 NpeAblayLLero COCTOSIHUSA, onpeAeneHHoro

bopmynoit (4);

Ar — CO34aHHas wymMoM nnowaab (6e3 curHana);

FUMI —  (yHKUUA B3AUMHOWN MHOPMAaLMK.

11
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Mpunoxexune B
(cnpaBoy4HoOe€)

O6ocHoBaHue opmynbl (7)

Adncnepcna pasHOCTU MHTEHCUMBHOCTEN B TOYKax o u (i + Ts) umeet Bug (cm. [2 — 4]):
&= B[ -1 =12 Je B3 )26, ) ©

B cooTtBetcTBUM C onpegeneHneMm yHKUMM aBTokoBapuauyun [popmyna (5)] BTOpoOn uneH B npaBou
yactu chopmynbl (B.1) MOXeT ObITb 3anucaH B BUAE:

y(0)=E [Yf ] . (B.2)

MpeanonoxeHue 0 cTaynmoHapHOCTU POHOBOrO LLUyMa YpPaBHMBAET NEPBLIA M BTOPOW YfeHbl NpaBoW
yactu popmynsl (B.1)

E[W ]:E[Yﬂ. B.3)

Lt Iy

MNoa npeanonoXxxeHnem O CTauMOHapHOCTU WyMa cneayeT NoHMMaTh, YTo Agucnepcusa GOHOBOro Lyma
SABNAETCA NOCTOAHHON BO BpeMeHU. Toraa dopmyny (B.1) MOXHO 3anucaTb B BUAE:

ohy =2v(0)-2E[7, .7, |. (B.4)

ty+Tg

YuutbiBag onpegeneHve astokopapuauuu [popmyna (5)], ns (B.4) moxkHo nony4uutb hopmyny (7).

12
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Mpunoxexnune C
(cnpaBouHoe)
O6ocHoBaHue ¢popmyn (14) — (16)

OcHoBHOE npeanonoxeHue npu BbiBoAe dopmyn (14) — (16) cocTtouT B TOM, YTO CryYaiHble
BENUYUHBLI 6ENOro Lyma ABNSIOTCA CTAaTUCTUYECKN HE3aBUCUMbIMMU:

E[ww,]=0 i+ (€.1)
E[ww, |=w i=j (€2
E[mm,]=0 i (C.3)
E[m,.m j] =m’ i=j (C4)
E[wim]] =0, (C.5)

rae doopmyna (C.5) cnpaseanuea npu no6om ycnosun. Bee pacyetsbl B JaHHOM NPUNOXEHUU CAENAHbI
ANS HAKNOHHOW 06a30BOW NMUHMKM, HO ANA FOPU3OHTANbLHON 6A30BON NUMHMKU OHU TAKKE CpaBEANUBbI.

Yrnoson  kO3(bULMEHT  HAKNOHHOW  ©GA30BOM  NMHUKU,  CBA3LIBAIOLWMKA  HYFNEBYID  TOYKY
(Yo = 0) u Touky ke, paBeH Yi/k.. [oaToMy 3Ha4YeHus Ha kpasax obnactu o6beauHEHUs] MOXHO 3anucaTh B
BUAE

Y
f(ka +l) B TOYKE (kc +1) , (C6)
f B TOYKe K, (C.D

€

rae 3HauveHus Y; onpegensiior no copmyne (9). Mnowaab Tpaneuyuu, oO6pa3oBaHHOW HAKIOHHOW
6a30BOW NMUHWEN, TOPUIOHTASBHOM U BEPTUKAMbHLIMU TMHUAMKU (CM. PUCYHOK 4) paBHa:

4, =¥, , (C8)

rae o onpeaensoT no gopmyne (16). opmyna (11) ans wyma npuHUMaeT BUA:

ke
AT{ZKJ—% ©9
i=k.+1
rae At u3 copmynel (11) npeanonaraerca paeHbiM eauHuue. Qucnepcus dopmynel (C.9) sBnseTca
UCKOMbIM ypaBHeHueM (dopmyna (15)).
Cymma MapkoBckoro npouecca BeibpaHa B ka4ecTBe NPOCTOro npumMepa uamepsaemon nnowagu. Ecnu
My =0, To MapkoBCkui npoLecc, onpeaeneHHbii hopmMynon (4), TakkKe NPUHUMAaeT BUA:

My =my. (C.10)
M, = pmy + m,. (CAN)
Mc=p'my+ p°my + .+ p miy + my (€12)

Cymmy MapkoBCKOro npouecca MOXHO 3anucaTth B BUAE:

k
(ZMJ = (1+p+p2+. +p " Ymy + (14p+p>+.. +p"D)my + .. + (1+p)Mis + M. (C.13)

i=1

13
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Mo onpepenenuio E[m] = 0, cpeaHee copmynsl (C.13) paBHO HyMIO, HO €€ AUCNEepPCUs ABNAETCA
KOHEYHOW BEMNYNHOMN:

r 2
E (ZMJ :(1+p+p2 +...+p’”)ﬁz2 +(1+p+p2 +...+p"’2)n~12+... +(1+p)m* +m’ (C.14)
i=1

Toraa ypaBHeHWE NPUHUMAET NPOCTO BUJ,

k 2 =2 Ak _ 2k
E (ZMJ :(1”’ )Z(k—Zpl p +p21 P ] (.15)
-pP

= lI-p = 1-p’

3ameHa k Ha k; - k. B hopmyne (C.15) pnaet BTopoii uneH dpopmynel (15). Nepsbiit unexw dpopmynsbl (15)
npencraensieT coboit cymmy 6enoro wyma B Touke ki — k.. [pyrme uneHol dpopmynbl (15) moryt ObiTh
norny4eHbl Ha OCHOBe paccmoTpeHus cpopmyn (C.1) — (C.5) u (C.9) - (C.15) (cm.[7]). Kpome Toro, E[AF] =0 B
npeanonoxexuu, 4to E[w] = 0 u E[mj] = 0.

HeonpeaeneHHOCTb, CBA3aHHAsA C YCTAHOBKOM HYnNsl, MOXET ObiTb MONy4YeHa aHanorn4HbIM cnocobom
(cm.[8]). HyneBoit ypoBeHb Lo onpeaeneH 3aecb kak cpegHee apudmeTudeckoe b nocnepoBaTerbHbIX
JaHHbIX:

b
L, =3(Z YJ (c16)
i=l

rae Y; onpegensaiot no copmyne (9). YcraHoBKa Hyns O3HA4aeT, uUTo Koppekuus (poHOBOro Lyma
caenaHa no Bcel o6nactu obbeaMHEHUs curHana M LwyMa, co3paBas crneayollyilo obnacte B obnacru
06beanHeHus:

(ki — ko)Lo. (C17)
lNoatomy, HeonpeaeneHHOCTb, CBA3aHHAasA C YCTaHOBKOW HYNA UMEET BUA:
o, = (k; —k, ) E[L}], (C18)
b
rae E[Lg] = 0 no onpeaeneHuto. Ecnn copmyny (C.13) ncnonb3osatb BMECTO ZK B dopmyne
i=1

(C.16), nony4yeHHoe BblpaXX€HWEe COOTBETCTBYET BTOPOMY uneHy dopmynbl (14) (cm.[8]). MepBbin 4neH
dopmynbl (14) xapakrepusyeT BrnusiHue 6enoro wyma.
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Mpunoxexnue OA
(cnpaBou4Hoe)

CBeaeHUsA 0 COOTBETCTBUU CCbINTOYHbIX MEXAYHAPOAHbIX CTaHAAPTOB
HauuoHanbHbIM cTaHpgaptam Poccunckon depepauum

Tabnuua JA.1

Ob6o3HaveHne O603Ha4YeHne U HaMMeHoBaHue
CCHINTOYHOIO CTeneHb COOTBETCTBYHLLEro HaLMOHarNbLHOro cTaHaapTa
MeXgyHapogHoro COOTBETCTBUA
CTaHaapTa
NCO 11843-1:1997 IDT [OCT P NCO 11843-1- 2007 «CTatucruyeckme MetTojbl.
CnocobHoCTL 06HapyxeHusl. YacTtb 1. TepMuHbI n
onpegeneHus»
NCO 11843-2:2000 IDT FOCT P NCO 11843-2- 2007 «Ctatucruieckmne metoabl.

CnocobHoCTL OOHapyXxeHusa. Yacts 2. MeTogonorus s
cny4vae NMHEeWHOW KanubpoBKU»

NCO 11843-5:2008 IDT FOCT P NCO 11843-5-2012 «CtaTuCTMYECKUE METOAbI.
CnocobHocTb 0BHapyxeHus. Yactb 5. Metogonorus B

Cny4asix MTMHENHOW U HENIMHENHOW KannbpoBKu»
MCO 3534-1:2006 - *

NCO 3534-2:2006 - *
MNCO 3534-3:2013 - *
NCO 5725-1:1994 FOCT P NCO 5725-1-2002 «TOYHOCTb (NPaBUNbHOCTL U

NPeLN3MOHHOCTb) METOAO0B U PEe3yNnbTaTOB U3MEPEHUIA.
YacTtb 1. OCHOBHbIE NMONOXEHUA U oNpeaeneHua»

* COOTBETCTBYIOLMIA HALMOHaNbHBIA cTaHgapT oTcyTCcTBYET. [lo ero yTBEpXAEHUsI peKOMeHAYETCA UCMONb3oBaTh
nepeBof Ha PYCCKUM A3bIK faHHOro MeXAyHapogHoro ctaHgapTa. MNepeBoa faHHOro MexayHapoAHOro cTaHjapTa
HaxoauTesa B PefepansHoM MHPOPMALMOHHOM POHAE TEXHUYECKUX PErfaMeHTOB M CTaHAAapTOB.
MpumeyaHune — B HacToALeld TabnuLe NCMone3oBaHO criefytolee ycrioBHoe o603HaveHne cTeneHun
COOTBETCTBUS CTaHLapTOB:

IDT — ngeHTUYHbIe cTaHgapThl.
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