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3ACTOCYBAHHS METOAY CEPIN AJIS1 JOCJILIKEHHS
B3AEMHOI KOPEJISALII CHOCTEPEXEHD
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3anpononosano Memoo 00UUCIeHHA A6MOKOPENAYil, @ maKodic ehekmusnoi Kinbkocmi cnocmepesicens. /lns
2€HEPYBANHA KOPETbOBAHUX CROCIEPEIHCEHb BUKOPUCHLOBYEMbCA MENOO PYXOMO20 CEPEOHBO20. 3a 00ROMO20I0 MEMOOY
cepiil MoXcIuge cnpouieHe 004UCIeHHA eheKmueHoI KUTbKoCcmi cnocmepeiicetd 01 6UHAUEHHA CIAHOAPMHOT
HeneeHOCMI cepeonbo2o 3HAUEHHA KOPELbOGAHUX CHOCEPEIHCEHD.
Knrouosi cnosa:. cnocmepesicennsn, kopenayisn, HenegHicmo, Memoo cepiil, eheKmueHe Hucno.

IIpeonoicen memoo évluucIeHUA ABMOKOPPENAYUU, A MaKice IPdhekmuenozo yucaa naoarooenui. /lna
2€HEPUPOBAHUA KOPPETUPOBAHHBIX HAOIIO0EHUTL UCNOTb3YEMCA MEM OO0 NOOBUICHO20 cpednezo. C nomouibio memooa
cepuil 603MOMHCHO YRPOUEHHOE 6bIUUCIeHUE IPPeKMmUGHO20 YUCIA HADII00eHUTl 014 ONPedeIeHUs CIAHOAPMHOU
HeonpeoeneHHocCmu CpeoHezo 3HaueHus KOppeauposaHHvlX HadI00eHu.

Knioueevie cnosa. nabnwoenue, koppenayus, HeOnpeoeaeHHOCMb, Memoo cepuil, Ighghekmuenoe wuco.

When processing the results of measurements big role important presence of correlation values. To find the gandard
uncertainty need to know the effective number of uncorrelated observations. No correlation can consider could lead to
incorrect evaluation of the standard uncertainty of the mean.

Not always known autocorrelation function monitoring, and evaluation of the autocorrelation function on observations
characterized by low accuracy, which can lead to incorrect finding effective number.

There are indirect methods of evaluating the impact assessment on observations correlation sandard deviation. This
method is recorded sample of N divided into k sub-samples (groups) up to n sampleseach (N =n - k). Each subsample are
partial mean and variance estimation, and find the settings for the entire sample. Then compare theratio of the variance
between groups and within the group. Using the F distribution at a sgnificance level a determined whether the observations
are correlated or not. These methods are quite complex and require significant additional computing.

The purpose of research isto study Smple method of testing autocorrelation and consideration in calculating the Ng.
The proposed method is based on calculating the number of series. Seriesisa sequence of observed values equal beforewhich
or after which the values observed are another category or no supervision at all. Set the number of series or observation
results are correlated or not. To determine whether correlated observations required to determine the median of the sample
and calculate the number of deviations from the median values.

Research performed by the Monte Carlo. For research use two types of observations: first —with uncorrelated observations,
the second — generated correlated observations, including the method of moving average. To find theindex of correlation
function used exponential autocorrelation function.

An effective dependence theoretical number and effective number determined by the method episodes from different bias
moving average on a constant number of observations.

Based on these studies show that increasing the number of observations (N> 50) to ssimplify the calculation of the possble
number of effective usng the method of series. At least 50 the number of observations can be effective calculating numbers
with a small biasmoving average To invegtigate the cross-correlation of observations
of the method is appropriate series and smplifiesthe calculation of the sandard uncertainty.

Key words: monitoring, correlation, uncertainty, series method, the effective number.

Beryn. Jlns onpaitoBaHHS pe3yJabTaTiB BUMIPIOBAHHS JIeIKuid 4ac mi gociimkedHs Oyau “3abyri” [2]. Tomy
BEJIMKY POJb Ma€ 3HAYCHHS HASBHOCTI KOPEIHOBAHOCTI CBOTOJIHI 1151 IPOOJIEMa IIIe aKTyallbHa.
3Ha4YCeHb. Brepiiie MOCTiIUB BIUTUB KOPEIhOBAHUX CIIOCTE- Komu cmocrepexeHHs HEKOPEIbOBaHI, CTaHIapTHA

pexens me B 1935 p. JIx. Baprensc [1], mismime Ha HETEBHICTh CEPEIHHOI0 3HAYCHHS CTAHOBUTH!
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UA(R) =%. )

VY BUMAIKy KOPETbOBAHUX CIIOCTEPEIKEHb BOHA 3MIHIOE
CBO€ 3HaUYCHHS [2—6]:

2

Ua(X) =

ToMmy nist 3HaxXOMKEHHS CTaHIAPTHOI HEMEBHOCTI
MOTPIOHO 3HATH e(PEKTUBHY KUIBKICTh HEKOPEIhOBaHUX
crocTepexeHs [3-6].

TeopernuHo e(eKTUBHA KUIBKICTh HEKOPEIbOBaHUX
CIOCTEPE)KEHh BHU3HAYAETHCS 3HAYECHHSAM KOC(II[i€HTIB
I, kopemsniiuoi ¢pynkuii [3-6]:

N N

= N_l - = .
1+25 @- Ly, DO
i=1 N

Ny ©)

HeBpaxoByBaHHS KOpemsiii MoOXe IPU3BECTH JO

HEMpaBWIBHOI ~ OIIIHKM CTaHJapTHOI HENEeBHOCTI  ce-
PEeIHBOrO 3HAYEHHSI.

He 3amxau Bimoma (QyHKIIS aBTOKOpeNsmii crocre-
PEXKeHHsI, a OL[IHIOBaHHS BIUIMBY aBTOKOPEJSLINHHOI (yHK-
1ii Ha pe3yJabTaTH CIOCTEPENKEHb XapaKTePU3YEThCs He-
BEJIMKOI0 TOYHICTIO, IO MOXKE NPHU3BECTH [0 Hempa-
BUIILHOT'O 3HAXO/KEHHs e()eKTUBHOTO Yucna [7].

IcHYIOTH OITOCcEepeKOBaHI METOMH OIIHIOBAHHS BIUIMBY
KOpEIbOBAaHOCTI CIIOCTEPE)KEHb Ha OI[IHIOBAHHS CTaH-
JIAPTHOTO BiAXHJICHHS.

CyTh LBOr0 METOAY INOJNATae B TOMY, LIO 3apeeEcT-
poBany BuOIpKy o6csarom N minare Ha K migBuOipok
(rpymu) obcsrom mo n Bubipok koxkua (N=n-k) [6]. B
KOXKHIH ~ TiABUOIpHI  3HAXOAATH  YAaCTKOBE  CEpPE/IHE
3HAYEHHs Ta OLIHKY JHCIepcii, a TaKoX BU3HAYAIOTH IIi
napamerpu it yciei BuOipku. Jlami TOpIBHIOIOTHCS
BiJTHOIIICHHS JMCIIEPCii MK IpylaMu i B CEpeAuHi IpyIiu.
BukopucroBytoun posmnonin F Ha piBHI 3HauymocTi a,
BU3HAYaIOTh, YW CIIOCTEPEKEHHs KOpelbOBaHi, YW Hi.
SIkmo crnocrepekeHHs1 KOpeabOBaHi, TO Ha OCHOBI piBHS
BITHOIICHHS IMCIIEpPCii MOCEPEIHhO MOXKHA OOYHCIUTH

N 1 BpaxyBaTH HOro mif 4ac OLiHIOBAaHHS CTaHIAPTHOI

HEMEBHOCTI.
Ilefi MeTom € JOCTaTHRO CKIAAHUM 1 MOTpedye
3HAYHUX JOJATKOBUX OOYMCIIEHD.

Memoto Oocnioxyceny € ONPaLIOBaHHS MPOCTOrO
METOJY TECTYBaHHS aBTOKOPEJIAIlIl Ta BpaXyBaHHS Iif] 4ac

obunciaeHHs N .
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Teopernuni  ocHOBU. 3ampoONOHOBAHWA  METOJ
IPYHTYETHCS Ha MiipaXxyBaHHI KiTbKOCTI cepiii [8].

Cepi€ro Ha3WMBAETHCSA TOCTIAOBHICT OIHAKOBUX CIIO-
CTEPEeKECHUX 3HAYeHb, Iepell SKUMH abo Ticis SKHX
PO3TaIIOBaHI CIOCTEPEIKEHI 3HAUCHHSI 1HIIOI KaTeropii abo
CIOCTEepEKEHHS BiICyTHI B3arani [8].

KinpKicTh cepiii Jae 3MOTI'y BCTAHOBHUTH, YH € PE3YJIb-
TaTH CIIOCTEPEKEHHS KOPEIbOBAHUMH, UM Hi.

Jlisi HEKOpenbOBaHHMX CIOCTEPEKEHb CEpEJHE 3Ha-
YEeHHs KiJIBKOCTI Cepili CIoCTepeXeHb JBOX BHIIB: OJIHI

OispIIn Bix MemiaHu, a iHIN MeHI Bijl Hei, qopiBHIOE [8]:

N
m=—+1, 4
> (4)
a jucriepcist —
SZ:N(N'Z), (5)
4(N-1)

Jie N — KiJIbKICTB CIIOCTEPEKEHb.

11100 BU3HAYMTH, YM CHIOCTEPEKEHHSI KOPENbOBaHi, MO-
TpiOHO BH3HAUWTU Me/iaHy BHOIPKM Ta TWiApaxyBaTH
KIJIBKICTh BIJIXWIEHb 3HAYEHD BiJl MEIiaHHU.

KinmpkicTe cepili ajsl KOpEIbOBAHUX CIIOCTEPEKEHB
O0YHCITIOETHCS 3TiIHO 3 BHpa3oM [8]:

m = 2NNz g, ©)
N
a Jmcriepcist —
2N;N,(2N;N,, - N)
NZ(N - 1)

2 _
Sk = , (7
ne N; — 3HadeHH:d, SKE€ BIAXWIAETHCA Bij MemiaHd 3i
3HAKOM «+», N, — 3HaUEHHS 31 3HAKOM «—».

MeTtoauka nociaimkennb. J[ns nocimimKeHHS BHKO-
pUCTaHO JBa BUIU CIOCTEPEXEHb. NEPIIMA — 3 HEKO-
PEIbOBAaHUMH CIIOCTEPEKECHHIMH, APYTUH — 3 KOpEIlbo-
BaHUMHU CIIOCTEPEKEHHSIMH, 3T€HEPOBAaHHUMHU METOAOM
pyxoMoro cepeaHboro. JlocmipkeHHs BUKOHAHO METOIO0M
Monre-Kapiio 3 KijbKiCTIO TOBTOPEHb €KCIIEPUMEHTIB M.

HexopenboBaHi CIOCTEpeXEHHsI 3 HOPMaJbHUM 3a-
KOHOM pO3MOJLTY 3reHepOBaHO 3 BHKOPHCTAHHSIM CTaH-
nmaptaux ¢yHuiit MathCad.

Jisi oTprMaHHS CKOpENbOBaHHX CIOCTEPEXEHb CIO-
yaTtky 3reHepoBaHo M BuOipox nomxwuHOIO L =N+K

KOKHa CIHOCTCpPEKEHb X,

il 3 HOpMaJbHUM 3aKOHOM

posmoniny, ae j=1..M , N — KUIBKICTh CIIOCTEPEKCHb
(i=1...N), sixa 3minroBaiacs Big 25 g0 100, kK — kinbKicTh

YCEePEIHIOBAHMUX HEKOPEIhOBAHUX CIIOCTEPSIKEHB, IO
3MiHIO€eThCs Bix 2 no 10.
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Jnst crpomieHHss B 000X BHIIAJKaX MpPUAMAIH, IO

HeKOpeJ'H)OBaHi CIIOCTEPEIKCHHSA X j MaroThb HYJIbOBE MaTe-

MartugHe cnofiBaHusa (M, =0) Ta OAMHKOBE CTaHIapTHE
BigxwienHs (S , =1).

Hami s 3amaHoi  KijmbKocTi — crioctepexxeHb N
(i=1...N) BubGipku 3 KOPEIbOBAHHUMHU CIOCTEPEKEHHIMU

3rEHEPOBAHO 32  JIONIOMOTOK  METOAY  PYXOMOTO
CEepeHbOro 3riHO 3 BUpa3oM [8, 9]:

Xiti1,j - 8

Teopernuna QyHKINS aBTOKOpeNnsAmii s BUOIPKH,
3TE€HEpOBaHOi 32 JOMOMOIOI0 METOAY pPYXOMOIro ce-
penHboro (8), omuCyeThCs 3aIeKHICTIO [7]:

. zgi- E_ i=0.k 9)

[Nomanpuri OOYMCIEHHS IPOBOAWIIM OIHAKOBO JIJIS
JIBOX BHUOIPOK: 3 HEKOPEIbOBAHUMH 1 KOPEILOBAHHUMH
CIIOCTEPEKEHHIMHU.

Crouatky BU3HaYaIu Meaianu 060x Bubipok [10]:

i X((

1
X,we(), i (N) =i X(N/Z)xj + Xz’ﬁj*_lﬁj
i 521

) 2

N+1)/2).J, N - nenapue ;

, N - napue .

N+1)/2).j, N - nenapue;;

Y,we(),j(N) :_{Y(N/Z)'j +Y"’Eﬁ+1§,j
%%, N - napue.

Hami gt koxkHOI 3 M BUOIpPOK, IOPiIBHIOKOYH,

(10)

(ikCyBall CIIOCTEpEXEHHs, sKi Oymd OUIBIIMMU UM
MEHIIUMHU BiJ MeiaHu.
- - 3
_ 1- arkwo- X; ;3 X
0- sxwo - X; ; <X

meo, j ;
a.j

meo, j *

meo, | ;

_ 1- axwyo- Y, ; 2, 1)

g7
0- AKWO - Yi,j <Y,we(),j '

IIpoananizyBaBIIM 3HAYEHHS & j Ta b s o0uncIwIn
KUIBKOCTI Cepiil BIIXMICHb CIIOCTEPE)KEHb BiJl MEIiaHU:

Ks; = Numberserii(a | ) —

JIJIS1 HEKOPEJIbOBAaHUX CIIOCTEPEKEHb; (12a)

Ksk; = Numberserii(h ;) -

JUTSL KOPEIbOBAHUX CIIOCTEPEIKEHb. (120)
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VYcepenHowun 00UnCIIeHi KibKocTi cepiit (12), 3Haxo-
JIAITH TXHI cepeHi 3HAYEeHHs — O4iKyBaHi 3HAUEHHS!
1w 1w
KS=—2& Ks; — K&K =—3§ Ksk; (13)

= M j=
BINMOBITHO I  HEKOPEIhOBAHUX 1  KOPEIbOBAHHX
CIIOCTEPEKEHD.

3a BIiJOMOIO HOPMOBAHOI (PYHKITIEI0 aBTOKOPEIALIT
(9) oOumciroBanM TMOKA3HWK BIUIMBY KOpesii Ha
JIUCTIEPCIIO0 cepenHboro 3HayeHHs y (3):

N-1 i 6
D, n=24 - —x;. 14
r,N i=18 Ng i ( )

Jlis 3HaXOIDKEHHsSI MOKa3HWKA KOpessmiiHOl (QyHKIil
BHUKOPHCTOBYETHCSI TPUKYTHA (DYHKIIiSl aBTOKOPEJISLI1.
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Puc. 1. Tpuxymna @pynxyis asmoxopenayii
Fig. 1. Thetriangular autocorre ation function

Ha mincrasi (14) BuU3HAYAM TEOPETUYHO E(PEKTUBHY
KIJIBKICTB CIIOCTEpEeKEHb (3):
p :%. (15)
r,N
BimnoBimHo Ha  miACTaBi  OYIKYBAaHMX  3HAYCHb
KijpkocTi cepiii (13) 3a Meromom cepiii oOUHCITIOBAITH
€QEeKTUBHY KUIBKICTh CIIOCTEPEXKEHb ISl KOPEIbOBAHUX
CIOCTEPEKEHD.
_ NXK&

Neff ,Ks ™ KS (16)

PesyabraTH pociimkeHHsl. 3aJ€XKHICTh TEOPETUYHO
edexruBHOl KimbkocTi (15) 1 edexkTHBHOI KiNBKOCTI,
BU3HAYEHOI 3a JOMOMOrow MeToiy cepiit (16) amst pisHoi
kizpkocti croctepexxenb (N) Tta ximpkocti (K) yee-
PE/HIOBAHUX CIIOCTEPEKEHb Y pyxoMiii cepeniii (8) Hase-
JIEHO Ha pHC. 2.
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Puc. 2. 3anesxcnicmo meopemuuno egpekmugnoi Kinokocmi il epexmugnoi Kinbkocmi, usHaueHor

3a 00NOMO2010 MemoOy cepill, 8i0 PI3HUX 3MIUEHb PYXOMO2O CEPeOHbO20 3d CMANOL KIIbKOCH CHOCMEPeXNCceHb

Fig. 2. Dependence of the theoretical number of efficient and effective number determined
by the method epi sodes from different bias moving average on a constant number of observations

AHaNi3 pe3yabTaTiB. 3 OTpUMaHUX 1 TOJAaHUX Ha
puc. 2 3aiexKHOCTeH 0auuMo, M0 KOJNU KUIBKICTh CIOCTE-
pexens nepepuirye 50, 3HaAYCHHS TEOPETHYHO () eKTUBHOT
KUTBKOCTI 1 eDeKTUBHOI KIJIbKOCTI, BU3HAYEHOI 3a JIOMOMO-

TOI0 METOMy Cepiii, HAOMMKEHI OMUH JO OJHOro. SIKIo

KUJIBKICTh ~ cHocTepekeHb MeHma 3a 50, 3HayeHHs

e(peKTHBHOI KUIBKOCTI HAOJVIKEHI TUIBKHA 332 HEBEJIUKOTO

3MimieHHs pyxomoro yucia (mo k» N/10).
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BucnoBok. Ha oCHOBI X JOCTiIKEeHb MTOKa3aHO, IO
y pasi 30iIbIIeHHs KiTbKocTi crioctepexenb (N»3 50) st
CIPOIIECHHS MOXXJIMBE OOYHCIICHHS ¢(heKTUBHOIO YHCIa 33
JIOTIOMOT'OF0 METOAY Cepii.
mixx 50,
MOJKJIMBE OOUYHUCIICHHS €(PEKTHMBHOTO YHCia 32 HEBEJIMKOTO

SIKIIO  KUTBKICTh  CIIOCTEPEKEHb MEHIIIA.
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