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Pedepat. YBenuueHue eqMHUYHBIX MOIIHOCTEH JIEKTPOOOOPYI0BaHHS, YCIOKHEHHE TEXHOIOTU-
YECKHUX MPOIIECCOB, YCTPOUCTB KOHTPOJIS U YIPABICHUS] HMHU Ha 3JIEKTPUUECKHUX CTAHIMAX U MOA-
CTAaHIUSIX OMNPENEISIIOT HeOOXOAMMOCTh IOBBIMICHHUS HAISKHOCTH M TOYHOCTH H3MEPUTENBHOI
nHpOpMaIK, XapaKTepHU3yIollell COCTOsIHUE yNpaBisieMbIX 00bekToB. Takas 3amada 0cOOCHHO
Ba)kKHa JUII aTOMHBIX SJICKTPOCTAHIMH, IJe IIeHa HEeJOCTOBEPHOCTH H3MEPEHHH OTBETCTBEHHBIX
TEXHOJIOTHIECKHX IIEPEMEHHBIX OCOOCHHO BEMKA M MOXKET IPUBECTH K HEIMOIPAaBUMBIM ITOCIIEN-
cTBusiM. [loBbIIIeHNE HAEKHOCTH M TOUHOCTH M3MEPEHHH Hapsdy C COBEpIICHCTBOBAHUEM 3JIe-
MEHTHOH 0a3bl 0OecreunBaeTCs METOJAMH ONEPATUBHOTO KOHTPOJS JOCTOBEPHOCTU. DTH METOBI
OCHOBAaHBl HA MHCIIOJIb30BAaHUM H30BITOYHOCTH HH(OpMAIMU (CTPYKTYpHOH, TOMOJIOTHYECKOH,
BpeMeHHOM). B wacTHOCTH, MH(OpPMAIMOHHAs M30BITOYHOCTH MOXKET OBITh JOCTHTHYTa 3a CUET
OJTHOBPEMEHHOT'O M3MEPEHHUs OHON aHAJIOTOBOI IIepeMeHHOH IByMs (JyOIMpoBaHNUe) WM TPeMs
npudopaMu (TpOUpPOBaHHE, T. €. TPEXKpaTHOE pe3epBupoBaHme). [Ipobiaema omepaTHBHOTO KOH-
TPOJI TPEXKPATHO PE3EPBUPOBAHHBIX CUCTEM M3MEPEHUIl JIEKTPUUYECKUX aHAJIOTOBBIX HMEPEMEH-
HBIX (TOKOB, HallpsDKEHHH, aKTHBHBIX M PEAKTHBHBIX MOIIHOCTEH M DHEPIHi) paccMaTpUBACTCs
KaK 4aCTHBIA Ciydail 00pabOTKH CHUTHAJIOB IMyTEM YHMOPSAOYEHHOTO BHIOOpAa HA OCHOBE MaXOPH-
TapHOTO M OIM3KOro K HeMy IpeoOpa3oBaHus. TpyIHOCTH, BO3HHUKAIOIINE MIPH KOHTPOJIE JOCTO-
BEPHOCTU M3MEpPEHHUil, CBSI3aHBI C PEIICHUEM JBYX 3agad. Bo-mepBbIx, HEOOXOIUMO 0OOCHOBATH
CTENEHb YCEUCHMsI paclpeAeieHU CaydaiHbIX MOTPELIHOCTEN U3MEPEHUI U JOMYCTUMBIX HEBS-
30K MapHBIX pa3HOCTEH Pe3ynbTaToB U3MepeHuil. Bropas 3agaga cocrout B HOpMHPOBaHHH anro-
pHUTMa COBMECTHOH 00pabOTKM COBOKYITHOCTH OT/EIBHBIX H3MEPEHHH, ONpeneNsieMbIX KaK JOCTO-
BepHble. KauecTBO KOHTpOIS XapaKTepu3yeTCs HaJeKHOCTbIO, CHHOHUMOM KOTOpOH NpHHATA
JIOCTOBEPHOCTb, U TOUHOCTBIO U3MEPUTENILHON cucTeMbl. OTAENBHO B3AThIE, 9TH MOKa3aTeId MO-
IyT NPHUBECTH K IPOTHBOIOJIOXKHBIM pe3ynbraTaM. [loaToMy mpeyaraeTcss KOMIPOMHUCCHOE
pemrenne. KadecTBo OLEHKHM H3MepsSEMOrO CHTHAla XapaKTEePU3yeTcs E€JHHBIM KOMILUIEKCHBIM
MOKa3aTeNeM, YIUTHIBAIOIINM KaK HaJEeXKHOCTHBIE, TAaK U TOYHOCTHBIE CBOICTBA CHCTEMBI. Takum
TOKa3aTeNleM SIBIISIETCSI CPEAHSSI TOYHOCTh, MEPOH KOTOPOH CITYyXKHT CPEAHEB3BEIICHHAs MOTPEI-
HOCTb TIPH PA3INYHBIX BO3MOXKHBIX COCTOSIHUSIX TPYIIIBI 3 TPeX MpuOOpOB.
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The Reliability and Accuracy of the Triple Measurements
of Analog Process Variables

V. A. Anishchenko®
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The increase in unit capacity of electric equipment as well as complication of technolo-
gical processes, devices control and management of the latter in power plants and substations
demonstrate the need to improve the reliability and accuracy of measurement information charac-
terizing the state of the objects being managed. The mentioned objective is particularly important
for nuclear power plants, where the price of inaccuracy of measurement responsible process varia-
bles is particularly high and the error might lead to irreparable consequences. Improving the relia-
bility and accuracy of measurements along with the improvement of the element base is provided
by methods of operational validation. These methods are based on the use of information redun-
dancy (structural, topological, temporal). In particular, information redundancy can be achieved by
the simultaneous measurement of one analog variable by two (duplication) or three devices (tripli-
cation i.e., triple redundancy). The problem of operational control of the triple redundant system
of measurement of electrical analog variables (currents, voltages, active and reactive power and
energy) is considered as a special case of signal processing by an orderly sampling on the basis of
majority transformation and transformation being close to majority one. Difficulties in monitoring
the reliability of measurements are associated with the two tasks. First, one needs to justify the
degree of truncation of the distributions of random errors of measurements and allowable residuals
of the pairwise differences of the measurement results. The second task consists in formation of
the algorithm of joint processing of a set of separate measurements determined as valid. The quali-
ty of control is characterized by the reliability, which adopted the synonym of validity, and accura-
cy of the measuring system. Taken separately, these indicators might lead to opposite results.
A compromise solution is therefore proposed. The quality of the evaluation of the measured signal
is characterized by a single comprehensive measure that takes account of both reliability and accu-
racy properties of the system. This indicator is the average precision measure which is the
weighted average error of the various possible states of a group of three devices.

Keywords: reliability and accuracy of measurements, redundancy of information, mean square
error, triple redundancy
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[puHnune 06padoTKkN N30LITOYHBIX JAHHBIX

Jy6nupoBaHne M3MEpPUTENHHBIX MPUOOPOB TO3BOJISIET C OMPEIEICHHON Be-
POSITHOCTBIO OOHAapyXHUBaTh (DaKThl TOSBJICHUS HEIOCTOBEPHBIX H3MEPEHUH.
Jlokanmzanus oTkazaBiiero mpubopa mpu AyOIUPOBaHWU BO3MOXKHA JIUIIb TPH
HaJIMYUHN JOTIOTHUTENBHON W30bITOuHOM mMHopMmarmu. Ho u B 3TOM ciydae
JIOCTOBEPHOCTE JIoKanu3aruu Huskas [1-4]. T'opasmo O6OmbIIHEe BO3MOKHOCTH
JUTSL YCTIETITHOTO KOHTPOJISI TOCTOBEPHOCTH OTKPBIBAIOTCS MIPH TPEXKPATHOM pe-
3epBUPOBAHUH, KOTOPOE MOBBIMIACT HAJICKHOCTh U TOUHOCTH OIICHKHU MOJIE3HOTO
CUTHaJa X 10 pe3yJIbTaTaM U3MEPEHUHN TpeMsi MPUOOpaMu Xy, Xp, Xs:

X, =X+V, +N;5 X, =X+V, +N,; X3 =X+V,+Ng, (1)

T7ie V1, Vp, V3 — CITy4aiiHble OTPENTHOCTH U3MEPEHHH, COOTBETCTBYIOIINE alpH-
OpPHO U3BECTHBIM KJIaccaM TOYHOCTH MPUOOPOB; Ny, Ny, N3 — IpyObIe MOTPEIIHO-
CTH U3MEPEHU, BBIXOISAIIHIE 32 MPEJIENbI KIIACCOB TOYHOCTH TPUOOPOB.
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[Mon HameXHOCTBIO TOHHMAETCS COOTBETCTBUE PE3yNbTATOB H3MEpPEHHI
KJlaccaM TOYHOCTH MPUOOPOB C yYETOM IMOTPEUTHOCTEH KaHaJoB Mepeaadyr WH-
¢dopmarun. CHHOHUMOM TIOHSTHSI HAZCKHOCTH MOXKET CIIY>KUTh JIOCTOBEPHOCTb
WU3MEpEHNH.

TOYHOCTh HM30BITOYHBIX CHUCTEM OOYCIIOBIICHA BBIOPAHHBIM AJTOPUTMOM
COBMECTHOM 00pabOTKH COBOKYITHOCTH JJOCTOBEPHBIX PE3yJbTATOB M3MEPEHUI.
Crioco0bl  HMCIIOJIb30BAaHUS CTPYKTYPHOH H30BITOYHOCTH B HMH(OPMAIMOHHO-
W3MEPUTEIBHBIX CUCTeMax MOApOoOHO paccMoTpeHbI B [5]. TlokazaHo, 4TO B3s-
ThIC B OTJENILHOCTH TPEOOBAHUS K HAJC)KHOCTH M TOYHOCTH MOTYT MPUBOIUTH
K TIPOTUBOPECUYMBBIM PEKOMEHJIAINSAM, KOT/Ia allTOPUTMBI, OIITUMAITLHBIE TIO TOY-
HOCTH, XapaKTepU3YIOTCS HU3KOH HAJICKHOCTBIO, a CIIOCOOBI pe3epBHPOBAHUS,
Jy4IINe 10 HaJe)KHOCTH, MPHUBOASIT K HEKOTOPOMY IMPOUTPHIINTY B TOYHOCTH.
[Ipu moucke KOMIPOMHUCCHOTO PEHICHUS BO MHOTHX CITydasiX OCHOBHBIM SIBJISI-
eTcst TpeOOBaHME MOBBIICHUS HAISKHOCTH, MOCKOJIBKY MPU U3MEHEHHUSIX allro-
PUTMOB, OTNPECISIONINX TOYHOCTh, HA/IC)KHOCTHBIE XapaKTEPUCTUKUA MOTYT H3-
MEHSITHCS TI0 CPABHEHUIO C TOYHOCTHBIMU B 0OJIee IUPOKUX TIpe/ieax.

HamexHOCTHBIC XapaKTEePUCTHKU ATOPUTMOB 00pabOTKK M30BITOYHBIX JTaH-
HBIX OCHOBaHBI Ha BBIJCICHUN W3 OOIICH COBOKYMHOCTH PE3yJIbTATOB U3MEpe-
HUI Te€X U3 HUX, KOTOPBIE TPEICTABISIOTCS IOCTOBEPHBIMU. OcTaNbHBIC PE3yIib-
TaThI MOJIHOCTHIO HCKITFOUAIOTCS U3 PACCMOTPEHHS.

[Ipu uccrienoBaHuy HAIEKHOCTH MH(POPMAIIMOHHO-U3MEPUTENBHBIX CUCTEM
HCXOTHBIMH SIBJIIOTCSI OMPECICHUS OTKa30B MPUOOPOB U aTOPUTMOB MPeoO-
pa3oBaHus Pe3yabTaTOB M3MEPEHUN M CUCTeMBI B 1meiom. OTka3 mpubopa pac-
CMaTpHUBaeTcs Kak COOBITHE, KOT/Ia abCOMIOTHOE 3HAYCHHE TOTPEITHOCTH U3Me-
pEHUs TIPEBBIMIACT MPUHATOE JOMycTUMOE 3HaueHue. OTKa3 CUCTEMBI B ILIEJIOM
MIPEJICTABIISIET COOBITHE, KOT/Ia aOCOMIOTHOE 3HAYCHHE ONTHOKH OIICHUBAEMOTO
BBIXO/IHOTO CHTHAJIa TPEBOCXOJAUT €€ NOMycTHMOoe 3HaueHue. OTKa3 CHCTEMBI
MOXeT OBbITh BBI3BaH KaK OTKa3aMH MPUOOPOB, TaK U HEHAJICIKHOCTHIO AJITOPUT-
Ma npeobpaszoBanus. OTKa3 aaropuTMa ONpeAeNsIeTcs Kak COOBITHE, KOTAa ero
NPUMEHEHUE K COBOKYITHOCTH MOKa3aHUH MPUOOPOB MPHUBOJIUT K BBIXOJY OLIHO-
KU TIpe0Opa30oBaHus 3a JOMYCTUMBIC MTPEICIBI.

Yci10BUS HAIEKHOCTH TPOUPOBAHHBIX n3MepeHn171

Hane:xHOCTh U TOYHOCTh TPEXKPATHO PE3CPBUPOBAHHBIX CHCTEM KakK OJ(HA
13 3a71a4 00pabOTKH CHTHAJIOB HA OCHOBE YIIOPSIOYCHHOTO BBIOOpA MCCIIeIOBa-
Ha B [5] ¢ MCIIOJIE30BaHUEM M3BECTHOH arprHOpHOI MHAOPMAITUH O BEPOSITHOCT-
HBIX W TOYHOCTHBIX XapaKTEPUCTUKAX HW3MEPHUTEIBHBIX NpUOOpoB. OHAKO
B IIPOIECCE IKCILTyaTallid BO3MOXHBI HENPEIBUACHHBIC IPYyObIe TOTPEITHOCTH
W3MEPCHHI, HAMHOTO TPEBBIMIAIOIINE JTOMYCTUMbBIE 3HAYCHHUS. DTH IOTPEIIHO-
CTH MOYXHO C OTPEIENIEHHONW BEPOSTHOCTHIO BBISBIATH MTyTEM aHAIN3a HEBA3OK
MApHBIX PA3HOCTEH PE3yIbTATOB HM3MEPEHHM, KOTOPHIC IMPEACTABISIOT COOOM
JIOTIOJTHUTENIBHYIO U30BITOYHYIO allOCTEPUOPHYIO MH(GOPMAITUIO, ITO3BOJISIONLYHO
MOBBICUTH 3()(PEKTUBHOCTH KOHTPOJISI TOCTOBEPHOCTH.

YcioBus HaZIEKHOCTH, T. €. JOCTOBEPHOCTEN U3MEPEHUHN, UMEIOT BU/I;
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|8d)am‘l,2| < 6/:lonl,Z; |8d)am‘2,3| < 8/:lor12,3; |8d)am‘l,3| < 6/:lonl,3’ (2)

TI€ Opaxrt,2r Opaxi2;3r Oaxr13 — PAKTHIECKHE HEBSI3KU NMAPHBIX PA3HOCTEH pe3ylib-
TaTOB U3MEPEHUH, ONpeaesieMbIe KaK:

Oparr12 = X1= X7 Oparns = X2= X33 Oz = X1 — X5 3)

[Tonaras ciy4aitHple TOTPEIIHOCTH U3MEPEHUM Vi, Vo, V3 CIyYyalHBIMH HE3a-
BHCHMBIMH COOBITHSMHU C HYJIEBBIMA MaTEMaTHIECKUMHU OXKHIAHUSIMH, OIIpEIIe-
JIieM JTOTYCTHMBIE HEBSI3KH MAPHBIX Pa3HOCTEH N3MEPEHUN:

3 K 01,5 O K303 Ouomiz = K303 4

noml,2 = non2,3 =

rac 01’2, 02’3, 01’3 — CPCAHCKBAAPATUYHBIC MOTIPCIIHOCTU IMAPHBIX pa3HOCT€ﬁ;

Ko Koz, ki3 — xBamTumm, onpenenstonwe mmpuny 2K; ;6; ; yCedeHHBIX pac-

NpeJIeTIEHUI MapHBIX Pa3HOCTEMN:

—Ky 5017 SX1=X, <K 50157 —Ky30,3 S X=X <K,y 50,3

®)

— ki 3013 < X1 X3 <K 30 5.

[TorpentHocTH, JIeKaITUE BHE MPEAEIIoB (5), OTHOCHM K TPYyOBIM IOTPEIITHO-
CTSIM, KOTOpBIE HE COOTBETCTBYIOT KJlaccaM TOYHOCTH MpuOOpoB. Mx BeposT-
HOCTH MOTYT HaMHOTO IPEBBIIIATh BEPOSTHOCTH OTOPACHIBAEMBIX «XBOCTOB)
YCEUYEHHBIX paclpeAesIcHUI NapHbIX Pa3HOCTEN.

HeBpinonnenue xoTs Obl OAHOTO M3 YCIOBHH JTOCTOBEPHOCTH (2) ABISETCS
MPU3HAKOM OJTHOTO WIJIM HECKOJBKUX Pe3yJbTaTOB M3MEpPEHHUil ¢ TpyOBIMHU IIO-
rpemHocTsIMU. PaccmoTpum ux gokanuzanuio. B ciayyae, ecnu:

‘6(1)31@1,2‘ > 8zlonl,Z; ‘6®aKT2,3‘ < 6110112,3; ‘SQ)aKTI,S‘ < 62{0n1,3’ (6)

JIOTUYHO TIPEATIONIOKHUTh, YTO HEJOCTOBEPHBI PEe3yJbTaThl U3MEPECHUH X1 U X7,
TTOCKOJIBKY 00a OHH 00pa3yroT HEJOIYCTUMO OOJNBIITYIO HEBS3KY.
AHAJIOrM4YHO, €CIIN:

‘Sq)am,z‘ <8 om0 ‘Sq)amm‘ >8 om0 ‘S(baml,}‘ <8 on1 3 (7)
TO HEZOCTOBEPHBIMH OY/yT U3MEPEHHS X U X3, & B CIIydyae, KOr/a:
‘6(1)31@1,2‘ <8, om0 ‘Sqmmz,z‘ <8,0m30 ‘8(1)31@1,3‘ >0 0n1.30 (8)

HEAOCTOBEPHBIMU CUUTACM USMEPCHUA X1 U X3.
Ecau me CO6J'IIOI[EIIOTC$I JBa yCJIOBUA JOCTOBECPHOCTHU, HAIIPUMEDP:

‘Sqaax'rll‘ > 8 o1 25 ‘Sq)anz,z‘ > 8 om0 ‘Sq)am,s‘ <8 jom1.3 9)

TO HEOOCTOBECPHO HU3MCPEHHUE X, TaAK KaK OHO BXOJIHT B obe HEOOIIYCTUMO
OOJIbIIIKE HEBA3KH U HE BXOOUT B IONIYCTUMYIO HCBA3KY.
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B cnyuae, korja:

‘S(balc’rlﬂ‘ > 8[{0111,2; ‘8®aKT2,3‘ = 6/110112,3; ‘S(DaKT1,3‘ > 8/101'[1,3’ (10)

TO HEJTOCTOBEPHO U3MEPEHUE X7.
Ecmm xe:

‘S@amll‘ < 61110111,2; ‘S(baxﬂj‘ > 6/110r12,3; ‘S(baKTIJ‘ > 6u0n1,3’ (11)
TO HEAOCTOBCPHBIM 6y,Z[CT HU3MCPCHUC X3.

ObocHoBaHMe NONMYCTUMBIX HEBSI30K MAPHBIX Pa3HOCTel N3MepeHuit

HanexHOoCTh U TOYHOCTH ONTUMAILHOM OIEHKHU TTOJIC3HOTO CHTHAJIA 3aBHCST
OT C1oc00a OTpeIENICHUS CPEAHEKBAIPATHYHBIX TOIPENTHOCTEN MAPHBIX Pa3HO-
cTeil pe3ynbraToB u3MepeHuit. [1epBriii cmoco6 OCHOBAaH Ha MCIOJIL30BAHHUH TI0-
HSATHSI CMEIIEHHOM OIEHKH CTaHIapTHOTO OTKJIOHEHHUS CIIyJailHOW BEJMYMHBI X
0T ee MaTeMaTH4YeCcKoro oxkumaanus M(x) [6, 7]

0=\ 2 [% -M, (12

i=1

rJie M — YKUCIIO0 OAHOBPEMEHHBIX U3MEPEHUHN TIEPEMEHHOM.
Torma cpelHeKBaJlpaTUYHbIE TOTPEUTHOCTH MAPHBIX Pa3HOCTEN U3MEpPEeHMI
B 3aBUCHUMOCTH OT CPEIHEKBAJPATHUUHBIX MOTPEIIHOCTEH €IUHUYHBIX H3MEpe-

HUH O, G,, O3 OIpPEAEIATCA KaK:

2, 2. 2, 2. 2 2
Gy, =4/0; + 03, Gy3=4/03 + 03, Gy3=4/C; +0j. (13)

B ciysae paBHOTOYHBIX H3MepeHHil (0 =0, =0, =0,)noiaydaeM u3 (13)
BBIpaXEHHE AJIS1 CPENHEKBAPATUYHOMN MOTPEIIHOCTH Ka)KI0W TTapHOW pa3HOCTH

(05= 01,= 6,3~ 01,3)

Oy = V2. (14)

CpenHekBaipaTHYHAsT TOTPEITHOCTh SIWHIUYHOTO W3MEPEHHS pEeriaMeHTH-
pOBaHa B COOTBETCTBHM C KJIacCOM TOYHOCTH Ipubopa o (B OTHOCHUTEIBHBIX
EJVHUIIAX) U MaKCHMaJbHBIM 3HAUCHUEM H3MEPSAEMON NEepeMEHHON Anqy, Ha
KOTOPYIO paccunTtaH mpudop [8]:

0= WA (15)

rze KBaHTUIb K ompenensier mupuHy 2Ke ycedeHHOTo pacrpeieieH s u3Mepsie-
MOH NepeMEHHON OTHOCUTENIBHO €€ MAaTEMAaTHUYECKOT'0 OKUIAHUS

—ko <x<ko. (16)
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Pacmipenenenre morpenmHoCT G CKIIAABIBAETCS U3 paclpeieleHnid KaK CTy-
JaifHOM, TaK M CHCTEMAaTHIEeCKO# morpentHoctei [9, 10].

INoncranoBka 3nayenuit os u3 (14) u o u3 (15) B (4) Daer OKOHUATEIBHYIO
dhopMyITy TS TOITyCTUMOM HEBS3KH ITAPHOW PA3HOCTH PaBHOTOYHBIX H3MEPEHUI

(kZ = kl,Z = k2,3 = kl,3; SHOHZ = 62[0111,2 = 8z[0r12,3 = 8110111,3)

k
6;{01‘12 = ?z\/EO{’Amax ' (17)

AnbTEpHATUBOW PACCMOTPEHHOMY O0OCHOBaHUIO JTOMYCTHUMON HEBS3KH Hap-
HBIX Pa3HOCTEH W3MEPEHUH SBISICTCS CIOCOO, OCHOBAHHBIM Ha HCIOJL30Ba-
HUU TOHATHS HECMEIICHHOW OLIEHKM CTaHAApPTHOIO OTKJIOHEHHS CIy4daiHOU
BEJIMYHHEI

o= |23 [ - M- (18)

m-1F

B aToMm ciydae cpenHekBaIpaTHYHAs TOTPEITHOCTh MAPHON Pa3HOCTH PaB-
HOTOYHBIX W3MEPCHHI SKBHBAJICHTHA CTAaHAAPTHOMY OTKJIOHCHHIO PE3YJIbTATOB
JBYX U3MEPEHNH OT ICTUHHOTO 3HAYEHUS MTOJIE3HOTO curHana [6, 7]

Gy =—. (19)

V2

JlommycTrMasi HeBsi3Ka MAapHOM Pa3HOCTH PABHOTOYHBIX U3MEPCHHI B JAHHOM
cinydae ¢ yaetoM (16) u (19)

Ky oA,
8 oy = — =X 20
J0nX k 2 ( )

Paznmmune Mexnay cmemienHoi (12) n HecmemnienHou (18) omenkamu craH-
JapTHOTO OTKJIOHEHMS, HE3HAuyUTeJIbHOE NpH OONBLIOM YHCIIEe H3MEPEHUH,
B clly4ae TpeX HM3MEPEeHUH NPUBOJUT K JBYKPATHOMY MPEBBIIIEHUIO IOIYCTHU-
MO HEBA3KH MapHBIX Pa3HOCTEH MPU HECMEIIEHHOU OIIEHKE TI0 CPaBHEHHUIO C €€
BEJIMYMHON NMpH cMelleHHOU oneHke. CyOBbeKTHBU3M MPH ONpEAeTICHUU AOIY-
CTHMBIX HEBS30K MapHBIX PazHOCTEH OOYCIOBJIEH TakKe HEONpeAeIeHHOCTHIO,
BO3HHUKAIOIICH MPH BHIOOPE KBaHTHJICH yceueHus pactpenenenuii K u Ks. Bepx-
HsIS1 OLIeHKa JoIycTUMoi Hesi3ku (17) Oonee koHcepBaTuBHA. Ee nenecoobpas-
HO HCIONIb30BAaTh B TEX CIy4asxX, KOTAa MMEIOTCS 00OCHOBAHHBIE COMHEHHS
0 HE3aBHCHMOCTH TOTpeNIHOCTe n3Mepernid. Hmwkuss onenka (20) yunteiBaet
B OoJyiblIell CTENEHHM B3aMMHYI0 KOMIICHCAIMIO HE3aBHCHUMBIX MOTPELIHOCTEH
MPOTHBOIIOJIOKHBIX 3HAKOB.

To4HOCTH TPOMPOBAHHBIX U3MEPEHUH

HesrimmotHeHMEe XOTsT OB OHOTO M3 YCJIOBHM JOCTOBEPHOCTH (2) O3HAYACT
HaJIM4Ke TPpyObIX MOTPENIHOCTEH OJHOTO WM HECKOJBKHX M3MEPEHUH, T. €. OT-
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Ka3 COOTBETCTBYIOIIUX MPUOOPOB. IJis TONyYeHHs ONTHMAIbHON OIICHKU TO-
JIE3HOTO CHTHAJla CIIEJYeT YYUTHIBATH TOJIHKO JIOCTOBEPHBIC PE3yIbTAThl U3Me-
pennii. Eciu BBIMONHSIOTCS BCE YCIOBHS (2), JOCTOBEPHBIMH CUHUTAIOTCS BCE
uaMepenns. ONTUMalibHAs OICHKA IOJIE3HOTO CHTHAaja MPH HEPaBHOTOYHBIX
M3MEPEHMSIX MPEICTaBIsieT co00il CpeAHEB3BELICHHOE cpelHee 3HaueHHE pe-
3yJIBTaTOB H3MEPEHUI

-1
3 3

Xom =| 2,07 | D %07 (21)
=1 i=1

HpI/I paBHOTO‘-IHBIX I/I3MepeHI/IHX HOJ'IyLIaeM
1
- =§(x1 + X, +X3). (22)

CpeﬂHeKBaZ{paTI/I‘lHa}I NOrpCIIHOCTb OIITHMAaJIbHOM OLICHKN CHUTHAJIa IIpU
HEPABHOTOYHBIX U3MCPCHUAX

O (¢} (e)
Gom = 2 Y1Y22 L 2 2’ Yl :_2' YZ :_3' (23)
AYL HY2 T YLY2 ! 1

JI71s paBHOTOYHBIX U3MEPEHUH TTOTydaeM

1
Gonr = gG. (24)
B cnygae, xorna HeOCTOBEPHBI /1Ba pe3yjbTaTa U3MEPEHUHN, ONTUMABHON
OIICHKOHM curHaita OymeT eIMHCTBCHHBIA JTOCTOBEPHBINA pPE3yJabTaT H3MEPCHIHS
COOTBETCTBEHHO YCIOBUAM JoKaau3anuu (6)—(8)

Xogy = X3 (WM X,, WK X;). (25)

Ecnm HemocToBepHO OFHO M3MEpPEHHe, ONTHUMAaNbHAs OIlEHKAa CHTHAaja OIpeze-
JISIETCSl MEAMAHON — TIOJYCYyMMOM JIBYX JOCTOBEPHbIX M3MepeHui. IIpu HepaBHO-
TOYHBIX M3MEPEHHSIX HMEEM B COOTBETCTBHH C YCIOBUAME JTokanm3anuu (9)—(11):

OoX, + G Xy 52Xy + G5Xy | OX + G2 X,
onr 2 2 Nomr T 2 2 Momr T 2 2 ! (26)
Cl +03 02 +G3 Gl +02
HpI/I paBHOTOIJHLIX I/ISMCPCHI/IﬂX
1 1 1
Xom:E(Xl+X2):E(X2+X3):E(X1+X3)- (27)

CpenHekBaipaTHYHbIE TOTPEIIHOCTH CHTHANA TPU HEPAaBHOTOYHBIX H3Me-
PEHHSIX:
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_ [ 2 2. _ (<2 2. _ , 2 2
GonT =4/0; +G37 Gon‘r - 02+G3, GOI‘IT =4/6 +02’ (28)

TIPU PaBHOTOYHBIX H3MEPECHHM, UCXOIS U3 CMEIIEHHOH orteHkH (12), momydaeM
Cor = V2o, (29)
a €CITU B35Th 32 OCHOBY HECMEIIEHHYIO OIeHKY (18), To

- (30)

(o)
onr \/E

CpenHsisi TOYHOCTH TPOMPOBAHHBIX U3MepPeHn i

st onpeneneHus KauecTBa MOJIE3HOTO CUTHAajida HEIOCTATOYHO 3HATh TOJb-
KO €ro TOYHOCTh WU TOJBKO HAIeKHOCTh. MOXKET OKa3aThCs, UYTO HauOojce
TOYHAs OIICHKA 00JIamacT HU3KOW HaJIeKHOCTBIO, a HanOoJjIee HaJe)kHas o0nana-
€T HU3KOH TOYHOCTHI0. BO3MOXKHBIE MOIXObI IPH (hOpMaTH3AINH ITOKa3aTeIeH
KadecTBa CUTHaJa, YIUTHIBAIOIIHE KaK TOYHOCTHBIC, TaK M HAIC)KHOCTHBIC CBOM-
CTBa, UCCIIeNOBaHk B [5]. B paccmaTpuBaemMoii 3a1ade TPOUPOBAHHBIX HU3MEpe-
HUM NpUMEM €JWHBIA KOMIUIEKCHBIH IOKa3aTelb KauyecTBa — CPEIHIOI TOY-
HOCTb, MEPOH KOTOPOH SIBIIETCS CPEJHEB3BELICHHAs MOIPEIIHOCTh G, YCIOB-
HBIX TOTPEIIHOCTEN Gy, G|, Gy, Oy OPU PA3TUUYHBIX BO3MOMXHBIX COCTOSHUSX
TPYIITBL TPEX U3MEPUTEIBHBIX TPUOOPOB

2 2 2 2
Ocp = \/ro0 +Qo7 +Quoy + QuoTy (1)

rae Qo, Qi, Qu, Qi — BecoBbie KO3(DOUIIUEHTHI, paBHBIC BEPOSTHOCTSIM COCTOS-
HUH Tpynsl IpuOOpoB.

BeposiTHOCTB cOCTOSIHMS, KOT/Ia UCTIPAaBHBI M MPUOOPOB U3 TPEX, OMPEaes-
etcsa ¢popmynoit bepaymnm [7]

Q, =Cyq"(1-aq)* ™, (32)

rae C;' — umcio coueranwuii u3 Tpex NpUOOPOB MO M; (| — BEPOSATHOCTH HE3ABH-

CHUMOTI'0 0TKa3a OJHOTO pUoopa.
Torna BeposSTHOCTh COCTOSIHUSI, KOTJ/Ia BCE MPHOOPHI MUCIIPABHBI, ONPEIes-
etcs mo popmyre

Q=@1-09), (33)

BEPOATHOCTH COCTOSIHUS, €CIIM OTKa3alH OJWH, J[BA WIH TPU Ipubopa, — COOT-
BETCTBEHHO U3 YPABHEHUM:

Q =3u(l-q)’; (34)
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Qy =39°(1-q); (35)

Qu=0. (36)

[pakTHydeckn BEpOSITHOCTH OTKa30B MPHOOPOB HAMHOTO MEHBIIIEC BEPOSITHOCTEH
Oe3oTka3Hol paboThl. [losTomy mpuHMMaeM BeposTHOCTH coctosHus Q = 0.
CpenmHeKkBapaTHIHAs TIOTPEITHOCTh Gy OpenesieTcs BeipaxkenueM (24). Cpemre-
KBaJIpaTUYHAsl TIOTPEIIHOCTh O) OKBUBAJICHTHA CPEIHCKBAJPATHYHON TMOTpPEII-
HOCTH eAMHUYHOTO npudopa. CpenHeKBaApaTUYHAs OTPELUTHOCTD G| OTIPeaeNs-
ercs BeIpaxkeHUsIMHU (29) u (30) COOTBETCTBEHHO CMEIICHHON W HECMEIICHHOMN
OIICHKAMH.

Pesynbrathl pacyera cpemHeldl TOYHOCTH M3MEPUTENBHOM CHUCTEMBI C TPEX-
KpaTHBIM PE3ePBUPOBAHIEM TPE/ICTABICHBI HA pUC. 1.

1,2
o,lo
1,0
1
0,8
— 7 |
0,6
A~
0,4
0,08 0,16 q 0,24

Puc. 1. Cpennen3BelieHHas IOIPEIIHOCTh CUCTEMbI OTHOCUTENBHO MTOTPEIIHOCTH
CAMHUYHOTO PHOOpa B 3aBUCUMOCTH OT BEPOSATHOCTH TPY00l MOTPEITHOCTH U3MEPEHHUS:
1 — cMeleHHas; 2 — HECMEILEHHAs OLEHKU

Fig. 1. The average error of the system in relation to an error of a single device depending
on the probability of gross error of measurement:
1 - biased; 2 — unbiased estimators

TpexkpatHoe pezepBupoBanue 3PGHEKTUBHO TNPH KOHCEPBATUBHOM CMe-
IICHHOM OIIEHKE, €CIIM BEPOSATHOCTh TpyOoii morpemHoctu usMepenus ( < 0,2.
[Tpu HecMmenieHHOM onleHKe 3 (HEKTUBHOCTH OYJIET BHIIIIE.

BbIBO/IbI

1. [IpemyoxxeHa u 000CHOBaHA METOAMKA OOHAPYKCHHUS W JIOKATH3AIUN OT-
Ka3aBIIHUX H3MEPUTEIHLHBIX PUOOPOB B CUCTEME TPEXKPATHOTO PE3CPBUPOBAHUS
HA OCHOBE CPaBHCHUS MAapHBIX Pa3HOCTEH Pe3ylbTaTOB U3MEPEHUH C UX JIOIY-
CTHMBIMU HEBS3KaMH.

2. [Tomy4yensl popMynbl sl ONpEICICHHsT ONTUMAIBHON OIICHKH M TOYHOCTH
TIOJIC3HOTO CUTHAJIA U3MEPUTEITLHOM CHCTEMBI TPEXKPATHOTO PE3CPBUPOBAHUSL.

3. [IpousseneHa omenka 3(Q(GEKTHBHOCTH CHCTEMbI TPEXKPATHOTO PE3epBH-
pOBaHUS Ha OCHOBE KOMIUIEKCHOTO TIOKa3aTelsl — CPESAHEB3BELICHHON MOrpell-
HOCTH U3MEPEHUH MPU Pa3IMYHBIX COCTOSHHSIX H3MEPUTEILHBIX TPHOOPOB.
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