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Ha coBpeMeHHOM 3Tarne pa3BUTHs U(PPOBBIX CHCTEM 00paOOTKU W MEpeadyd U3MEPHUTEILHONW HHPOPMAIIHU
BHUMAaHHC CIICIHATIICTOB, PYKOBOJUTEICH W OPraHU3aTOPOB UCCICIOBAHUN B 0ONACTH IH(PPOBBIX H3MEPUTEIBHBIX
CHCTEM HAIpPAaBJICHO HAa ONTHMU3AIMIO BPEMEHHBIX U MaTCPUATLHBIX 3aTPaT MPH IKCILTyaTallUH CPEICTB U3MEPCHHUH,
BXOJISIIUX B HX COCTaB.

OpHoil W3 3amad, peliacMbIX B TAKOM Cllydae, SBISCTCS OOECICYeHHE METPOIOTMYECKON aBTOHOMHOCTH
uU(pOBBIX M3MEPUTENBHBIX cHucTeM. OJHUM W3 TOAXOIOB pEUICHHsS JTOW 3a/Ja4d MOXET CTaTh CO3[JaHHE U3
HCXOJIHBIX CPEJCTB U3MEPEHHI CHCTEMBI IPYIIIIOBOM MEpbI [UIsl JaHHOM (DPU3UUECKOIl BENUYNHBI, KOTOPasi MOKET ObITh
UCIIONIb30BaHa Uil MPOBEJCHUs MOBEPKH B MEPUOJ HAPYLICHUs WIM NpeKpaiieHus (YHKIMOHUPOBAHHS LITATHOU
CXEMBI Tiepelaun eUHMIBI pu3ndeckoi BenuunHbl [1,2,3]. B cBoro ouepens, B epHoa HOPMAITLHOW JKCILTyaTaliH
CO3[]aHUE TPYNIOBOW Mephl MOXET B 3HAYUTENHHON CTENEeHH COKPAaTHTh 3KOHOMHUYECKHE 3aTpaThl Ha IMOBEPKY
OTAENBHBIX CPEACTB H3MEPEHHi, BXOSIIMX B TPYMNHOBYID Mepy. DTO OOYCIOBICHO TEM, YTO MEXKIIOBEPOUHBII
WHTEpBAJl SAMHUYHOTO CPEJICTBA M3MEPCHHS MCHBIIE, HEXKEIH MEKIIOBEPOUYHBIH HHTEPBAl TPYIIIOBOH MEpHI, TpH
9TOM THOBEPKa MOKET MIPOU3BOIUTHCS Yepe3 OOJBIINI MPOMEKYTOK BPEMEHH.

[puBenéHHoE yTBEpKICHHE OOOCHOBAHO TEM, YTO CHCTEMATHYCCKHC IMOTPEIIHOCTH CPEICTB H3MEPCHHIA,

BXOJAIIMX B COCTAaB IPYNIOBBIX Mep, B CBOEH COBOKYINHOCTH PaccCMaTpUBAIOTCA Kak ciydaiiHble BeauuuHbl [4], ¢
YBEIMUYCHUEM COBOKYITHOCTH KOTOPBIX YMEHBINACTCS JOBCPUTCIBHBIN WHTEPBAJ, XapaKTCPHU3YIOIIUH CTCICHb
BOCIIPOU3BOJAMMOCTH Pe3yabTaToB H3MepeHuil. C yMCHBIICHHEM JIOBEPUTEIBHOTO WHTEpBAJia YBEIHMYUBACTCS
JIOBEPHUTENIbHAS BEPOSTHOCTH P, YTO MpPU anmpHOPHO 33JaHHOM 3HA4YCHUH P, Mo3BoJseT 0ojiee JOCTOBEPHO XPAHHUTh
eIVHUIY (PU3MYECKOW BEIMYHMHBI HA 3aJaHHOM WHTEpBalic BPEMECHH, W, KaK CICICTBHE, MPUBOJIUT K YBCIUUCHHIO
MIPOAOJDKUTEIEHOCTH BPEMCHH XPaHEHUsI TAHHOW eAWHUIIBI Tpu P, = const.

CremoBaTenbHO, TIPU MCTIONB30BAHWN B COCTAaBE TPYIIIOBOI MEPHI 71 CPEIACTB M3MEPEHHUH, MEKITOBEPOUHBII
HHTEPBAJl WX COBOKYIHOCTH MOKET OBITH OOJBIIUM MEKIOBEPOYHOTO MHTEpPBala OTICIBHBIX CPEICTB M3MEPEHHH,
Takum o0pa3zom, 3amada CTPOTOHW OIEHKH MAaKCHMAaJIbHO JIOIyCTUMOTO HAay4YHO-0OOCHOBAHHOTO MEXIIOBEPOUHOTO
HMHTEpBaJia K HACTOAIIEMY BPEMEHH SBIISICTCS aKTYaJbHOM.

Lens paboter. Pa3paboTka Ha 6a3e MaTEeMaTHYECKOTO allapara MapKOBCKHUX MPOIECCOB METOIMKH OIEHKU
MaKCHMAaJIFHOTO MEXIIOBEPOYHOTO MHTEpBajia TPYHIIOBONH MEpHI B YCIOBHSIX aBTOHOMHON IKCIUTyaTallud IH(POBBIX
HU3MEPHUTEIBHBIX CUCTEM.

Jns  pemieHHWs TOCTaBICHHOW 3aJadyd IPHBICYEM amlapaT TEOPHH MAapKOBCKUX MpoOIeccoB [5,6].

[IpeAoNOKIM, YTO 3HAYCHHS MOTPELIHOCTH CAMHMUI (U3HYCCKUX BeMHYMH A;, i=I,n SBISIOTCS MapKOBCKUMH,
OIUCHIBAIOTCS TaYCCOBCKOM IUIOTHOCTBIO BEPOSTHOCTEIO M CIIEAYIONHM TP ()EPEHIHATBHEIM YPaBHEHHEM

A= n(t).

3amady MO ONPENECICHUI0 MEXIIOBEPOYHOTO HMHTEpBana f, mis CU, XpaHAMUX eIWHWUIYY (QU3HYECKON

BEJIMYMHBI B COCTaBe TPYIIIOBOM Mephl, OyneM pemiaTh Ha ocHoBe ypaBHeHHs1 Poxepa-lIlmanka-Kommoroposa st
cirydaifHbeIxX nporeccoB. [Ipsmoe ypaBaenne Kosmmoroposa miist n Mep 3alHIIeM B CICAYIOIIEM BHIE

IW (A, yt) _ Ky, i&’zW(AI,....An,t)
or 2 & A% ’

rae W(A,,...,A,,,t) - IWIOTHOCTb BEPOSATHOCTH IIOMAJAHNUS 3HAUCHUN OTPELIHOCTH (PU3UICCKOH BEIUUMHBI B

noseputenbHslit uuTepBai (—A,;+A,) ; Ky, -koadduiuent nuddysnn 1ms rpynmnoBoi Meps.
Pemenuem 3Toro ypaBHeHHS sIBIIsieTCS PyHKIUSA [5,6]

. 2
W(A,,...A,t)=T1 (4;)

1
——eXp| — . (1)

- koapdunuent nuddysun i-Toro cpeicTBa U3MEPEHNUS TPYNNOBOI MepHI;

2

rae KZl(i) =0;

Jlms pemeHUsl TTOCTABIICHHOW 3aJadud HEOOXOJMMO HAWTH TUIOTHOCTh PaCHpeeNIeHUs EeHCTBUTEILHOTO
3HAuEHHs MOrPEIHOCTH rpymmosoii Mepsr A, T.e. W(A,1).

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru



3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

Boipaxenne mmst W(A,t) Moxer GbITh TONy4eHO B PE3y/IbTATE WHTErPHPOBAHHS MPOMEKYTOUHOI
GbyHKIIIH

2 1 )2
Wi =2 | o] -2 ||

i=1 \/2”K21(i)t 2Ky 1yt
MOJIy4EHHO! IIyTeM 3aMeHbI IEPEMEHHBIX B ypaBHeHUH (1), 31ech
n n n
A +Y(=A) Al +Ay+ Y (-A) YA,
Zl — i=2 i 52 — i=3 ) Zn — =1 :l’
n n n
J- ssxoOMaH mpeoOpa3oBaHus
A, dA, A,
A, A, A,
J=10A, oA,  OA,
oA, A, oA,
A, A, A,

O6mee ypasuenue ais W (A,1) npumer Bun

1 y(n/l)z
%\lﬂKzntn 2K2ntn

Ipu 3amanHoM noseputenbHoM uuTepBane (—A ;;+A ;) n noseputensHoit BepositHocTH P (—A 434+A ),

WA, 1) = 2

y‘{I/ITLIBaH BI)Ipa)KeHI/Ie (2) nu BI)Ipa)KeHI/IC JUIA BepOﬂTHOCTI/I IoraaaHus 3HA4YCHUS cnyqaﬁHoﬁ BCIIMYUHBI B KaKOﬁ -
J'II/I6O KOHeqHLIﬁ I/IHTepBaH, MOJXHO 3aImucaTtb
2
%(n/l)

Ay 1
f exp| -
—Ay %ﬂﬂ'Kzntn 2K2ntn
[TyremM 3aMeHBI ITepeMEHHBIX, PUBOJINM MOJBIHTETPATbHOE BEIpakeHHE B ¢dopmyne (3) K Buay (QyHKIHA

ommn6ok (¢pyHkuwm Jlammaca), 3HadYeHHE KOTOPOU CBEJICHBI B TAOIHITBI

2
n

2K5,t,

P(-Ay;A,) = 3)

P(—A();‘FA()):@

OOuiee pelreHHe YpaBHCHHUS JUIs ONPEACICHUS MEKIOBEPOYHOTO MHTEpPBaNa f, JJs 1 CPEICTB M3MEPCHUM,
BXOJISIIUX B TPYIIIOBYIO MEPY, B 3TOM CIIydae IPUMET BUJ

nzAaz
2 [‘D_I(P(—Aa,Aa)]szn
rae @7 (P(-A,,A,))— bynkuus, odparnas O(P(—A,,A,)).

Jis ompeneneHUsT HCKOMOTO MEKIIOBEPOYHOTO HMHTEpBajla OIEHKY KodddurnmeHta nuddysun mis n mep
IIPUMEM B BUJIE HEUCKIIIOUEHHON cucTeMaTtudeckoil morpemnoctu cornacHo 'OCT 8.207-76 B Buze

n
K,, =N {21(221(1') , (%)
i=1

rae N - kosdduiuent, onpeenseMblii B 3aBUCHMOCTH OT NPMHATOM JOBEPUTENLHOM BEPOATHOCTU U YMCJIA CPEJICTB
H3MepeHuil, BXxoasmux B rpynnosyto mepy no I'OCT 8.207-76.

Takum 00pazoM, METOIUKa ONpPENENCHUs] MEXIIOBEPOUYHOI0 MHTEpBaJla CBOAMTCS K IOCIJIEI0BATEIHLHOCTH
CJIEAYIOIUX OTIepaLuil.

1. PaccunteiBaeM kodpdummeHT muddy3un Uil KaXKIOTO CPEICTBA H3MEPEHHsI TPYIIIOBOW MeEpHI IO
dhopmyite

Iy = C))

Ay’
KZ]i = s (6)
O] [_1 ]2
D (P(-Ay,A,)] ti
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rzie Ay - OCHOBHAS! IOTPEIIHOCTE JIAHHOTO CPEJCTBA U3MEPEHMUS; 1)(;) - MEKIIOBEPOUHbIit nHTEpBan nanHoro CH.

2. PaccuurthiBaeM coBMecTHbIH KOd(h¢uuueHT nuddy3un aias TIPYNIOBOH MeEpbl B COOTBETCTBHU C
BbIpakeHueM (5).

3. C yueToMm (4) HOBBII MEXIIOBEPOUHBIH UHTEPBAJ ISl TPYIIIOBOM MEpbI, XpaHsIel eAnHHIY PU3MUECKOH

BEJTMYHMHEI C 3aJaHHBIM 3HAUEHHEM JOMyCTUMOIA norpermnoctu Ay, onpezenseM no popmyie
n 2 A 0 2
= T @)
2. [‘D (P(—Aa,Aa)] Ky,
[pemnoskeHHass METOIMKA MOKET OBITh pealn30BaHa ¢ MOMOIIBID MaTeMaTryeckoro nakera Mathcad 2000,
B KOTOPOM HMEETCS BCTPOCHHAs (YHKIHMS norm, TO3BOJSIONIAS BBIYHCIATH 3HAUYCHUS (DYHKINH, 0OpaTHOH K

(GyHKIMH OMHOOK 0! (P(-Ay,A)p)).

Ilpumep pacuema mercnogepounozo UHmMeEPEaANa ZPYRNOGOI MepPbl INEKMPULECKO20 CORPOMUGTEHUS.
HNmeercss TpymmoBass Mepa, B COCTaB KOTOPOH BXOAAT 4YeThIpe KATYIIKM compoTuBieHust P321 ¢
HOMWHAJIFHBIM 3HA4€HHEM conpoTuBieHusI R,=10 OM U cleayromumMi JAeHCTBUTENFHBIMI 3HAYCHUSIMH a0COIOTHON

norpeutsoct Ay = 1-107° Om, Ap=1,24-10" Om, Ay=1,16-10" Om 1 Ays=1,34-10"° OM COOTBETCTBEHHO.
CornmacHo BeIpakeHHIO (6) Hahjgem 3Ha4eHHS KOIPGUIUEHTOB IUGGY3UU KKIOW KaTYIIKH TIpH
CIeIyIOIMX HadalnbHbX ycnoBusx: P(—A,,A,) =0,997, MexXnoBepOYHbIil HHTEPBAN IS KaXI0H KaTyLIKH pPaBeH

OJIHOMY TOIy. I(Zl(l):l,l-10'7[OM2/ro,u]; K> =1,7-10"[Om*/rox]; Ks3 =1,5-10"[Om*/rox]; Ky = 2,0-107
[Om*/rox].

W3 BeIpakeHus (5) HaXoAWM 3HAYEHHE COBMECTHOTO Koddurmenta mudpdy3uu Ui YeTHIPEX KaTyIIeK:
K»,=4,5-10"[OM*/rop].

IToce moxacraHoBku K B BeIpaxenwe (7) ompeAenuM 3HAYCHHE MEXIIOBEPOYHOTO WHTEpBAsla JaHHOM
rpynmnoBoi Mepsl: 1,=1,98 rona.

AHATOTHYHBIM 00pa3oM MOXHO BBIYHCINTH 3HAYCHHE MEKIIOBEPOYHOTO HMHTEpBaNa IS JOOOTO YHcia
CPEIICTB U3MEPEHHI UG POBOH N3MEPHUTETHHON CUCTEMBI, BXOJSIIUX B TPYIIIOBYIO MEPY.

BriBoabI

PesynbTathl, nosyyeHHbIE B XOJ€ PEIICHUSI TOCTaBJICHHOM 3aJlauM C MOMOUIbI0 MAaTEMaTHUECKOrO ammapaTa
MapKOBCKHX TMPOIIECCOB, JOKa3ald IeIecO00pa3sHOCTh CO3JaHHMs M HUCIONB30BaHHs B COCTaBe IM(POBBIX
M3MEPHUTEIFHBIX CHCTEM OOpa0OTKM U Iepeqayd U3MEPUTEIBHON WH(POPMAIUU TPYMHOBBIX MEpP JJs HOBBIIICHUS
HAJICKHOCTA XPAHCHUS CAWHUIBI (PU3MYCCKOW BEIMYMHBI B YCIOBHAX METPOJIOTUYECKON aBTOHOMHOCTH U
YMEHBILIEHUSI YIKOHOMUYECKUX 3aTpaT Ha MOBEPKY OTAEIbHBIX CPEACTB M3MEpEeHUN cucteMbl. lIpyu ucmoiab30BaHUM
MIPEATIOKEHHOW METOJMUKHA BO3MOXKHO HAYYHO-OOOCHOBAaHHOE YBEIHYCHHE MEXKIIOBEPOUHOTO HHTEpBaja CpEICTB
U3MEpEeHUuH.
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TECHNIQUE OF A RATING BETWEEN VERIFYING INTERVALS OF GROUP MEASURES IN DIGITAL
MEASURING SYSTEMS
Bezuglov D.A., Pomortsev P.M.

The Rostov military institute of rocket armies
344027, Rostov—on—Don, 27, RMI RA, faculty metrology

At the present stage of development of digital systems of processing and transfer of the measuring
information of one of urgent tasks is the maintenance metrology of autonomy of digital measuring systems. The
decision of this task can become creation from initial means of measurements of system of a group measure for the
given physical size, which can be used for realization of check during infringement or termination(discontinuance) of
functioning of the regular circuit of transfer of unit of physical size [1,2,3]. In turn, during normal operation the
creation of a group measure can substantially reduce economic expenses to check of separate means of measurements
which are included in a group measure. It is caused by that between a verifying interval of an individual means of
measurement it is less, rather than between a verifying interval of a group measure, thus the check can be made
through the greater interval of time [4]. The purpose of work. Development on the basis of the mathematical device
Markov of processes of a technique of a rating maximal between a verifying interval of a group measure in conditions
of independent operation of digital measuring systems [5,6]. The results received during the decision of a put task
with the help of the mathematical device Markov of processes, have proved expediency of creation and use in
structure of digital measuring systems of processing and transfer of the measuring information of group measures for
increase of reliability of a storage of unit of physical size in conditions metrology of autonomy and reduction of
economic expenses by check of separate means of measurements of system. At use of the offered technique the
increase between a verifying interval of means of measurements is possible scientifically - is proved.
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