NMPOrHO3UPYIOWUE CPEACTBA USMEPEHUA N UX NOTPELLHOCTU

Ckouensc E.b.
Kues, HTYY “KIMA", YkpanHa

B Hawe Bpems Ans MNOMy4YeHUss OMepaTMBHOM MHOpMauUMM O COBPEMEHHBIX CKOPOTEYHbIX
npoweccax HeobxoaMMO MMeTb COOTBETCTBYIOLLME NX TpeboBaHnsaM cpeacTsa mamepeHus. CyllecTByoLine
nporHosupyloLlime kubepHeTUYeckne yYCTPOWCTBA He B COCTOSHUW oOBecneyntb Takue WU3MepeHus u3-3a
Hu3koro ObicTpoaencTsmsa. [Mo3aToMy BO3HMKAET 3ajaya CO3[4aHUs COBPEMEHHbIX CPEACTB WU3MepeHus,
KOTOpble MNO3BOMSAT NPOBOAUTL TaKUe U3MEPEHNSI.

lMocTaBneHHaa 3agavya MOXeT OblTb pelleHa nyTeM MpUMEHEHWss HOBOro Kracca CpeacTB
n3mepeHus - nporHosupylowmx cpeacts usmepeHusa (MCU), kotopbin Byoetr vMMeTb MeTponornyeckoe
obecneyeHune, nogaepxaHHOE COBPEMEHHBIMU KOMMbIOTEPHBIMU TEXHOSOTUSMM.

CtpykTypHasi cxema Takoro CU npeacrtaesneHa Ha puc.1.

BxoaHoi MaTemaTtunyeckas moaens NCU
CUrHan
CCH BY
x(® X (t) Avs
Puc. 1.

Ha Bxog cmopgenupoBaHHoro CU (CCW) nopatotcss geTepMuMHUpOBaHHble curHanel. B CCU
3anoXeHbl anropuTMbl MPOrHO3a, MO KOTOPbIM MpOM3BOAWUTCS 0OpaboTka BXOAHbIX CcurHanoB. B
BblYMCIIUTENBHOM yCcTponcTBe (BY) nponcxoauT BbluMcneHne abConoTHBIX NOMPELLHOCTEN NMPOrHO3UPYOLLMX
METO0B U3MEpEHUst A, MO dopmyne:

*
Ay =x()—x (1), (1)
roe  x(¢) -OeficCTBUTENIbHOE 3HAYEHWe BXOAHOMO CUrHamna; x (/) - 3HAYEHWEe CUrHamna, MOMyYeHHOro Mo

pesynbTaTam MporHo3a.

VMccnegoBaHnve norpewiHocTerr MeTodO0B M3MEPEHWs MpoBOAWMMOCE ANs Tpex rpynn BXOOHbIX
OeTepMUHUPOBAHHBLIX  CUTMHAMNoOB:  MOMWUHOMWANbHbBIX, TPUrOHOMETPUYECKMX W  CUTHanoB B  Buae
nokasaTternbHOW 1 norapupmmnyeckon yHKLNA.

CurHanbl obpabaTtbiBanuchb crnegyroLwmMmm anropuTMamMmm NnporHo3sa:

» JlnHelHbIn anroputm nporHosa Ha 1 war sneped (JIM-1):x,, =2 x,,; — x; .

» JlvHinHbIM anropuTm nporHosa Ha 0,5 wara enepeg (J1M-0.5): x,,, s =1.5-x;,;, = 0.5 x;.

» KsagpaTuuHbivi anroputm nporHosa Ha 1 war snepeq (KBM-1): x5 =3-x,., —=3-x,, +x; .

» KeBagpatuuiHbIn anroputm nporHo3sa Ha 0,5 wara Brepenq (KBIM-0.5)
Xi425=0375-x;, —1.25-x,,, +1.875-x,,, .

> Kybudeckuin anroputm nporHosa Ha 1 war snepef (KM-1): x;.4 =4x,,3 —6x;,, +4x,,.; —x;.

»  Kybuueckun anroputm nporHo3sa Ha 0,5wara Brepenq (KM-0.5):
2[_'_3_5:2.1875'xi+3_2.1875'xi+2 +1.3125'.XH_| _03125)(:[.
AnropuTm nporHosa no nocregHemy 3HadeHunto Ha 1war snepep (MM3-1) [2]: x,,, =x;.

» AnroputM nporHosa Mo CKOMb3siemy cpegHemy no gBym Todkam Ha 0,5 wara Hasag (CC2-0,5):
- X, +x;
Xiv0s = Tﬂ

PaCCMOTpMM norpeLwHoCcTn MeTogoB n3MepeHna NMCU ana kaxgon rpynnbl BXOOHbIX CUTHaIoB.

\4

1. MNonuHomuanbHble BXOAHbIE CurHansl. llccneHgoBaHue MpoOBOAMIOCH AN NOMUHOMUANLHOTO
curHana obuuero Buaa: x(¢) = a, +a,x+a,x’ +...+a,x" B Hawem cnyyae n<3, t - nepemMeHHas (Bpemsi),

t=20,i20.
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Ecnu anroput™ nporHosa coBrnagaeT C XapaKTepUCTMKOM BXOAHOFO CUrHana, TO MOrpeLlHOCTb
paBHSETCS HyrHo.

[ns nWHeHoro BXOAHOINO curHama MorpelHOCTb M3MEPEHUS BO3HWKAET TOMbKO NPW NPUMEHEHUM
MMN3-1. OHa nocTosiHHas Anis Bcex i =1 1 paBHseTCa —a, .

MuHManebHas  MOrpelHoCTb  MPOrHo3a Ans  KBagpaTUYHOroO  curHana nonyvaeTcs  npu

ncnonb3oBaHum CC2-0.5 n paBHsieTcs l.az. Tak e NoCcTosiHHasA NOrpeLHoOCTb BO3HMKaET B criyyvae JM1-1
4

Ta NN-0.5 1 paBHsieTcs cootBeTcTBeHHO —2-a, u —0,75- a, . MorpewHocTb n3mepenus npu MM3-1 nmeet

NUHEHBIA XapakTep: —a, —a,(2i+1). Kak BUAHO OHa 3aBMCUT OT i, NPUYEM YEeM MEHbLle [, TeM MeHblue

MOrPELLHOCTb.
KyBu4yecknit BXOOHOW CUrHam C MOCTOSIHHOW MOTPeLHOCTbIO  MPOrHO3MPYT  KBadpaTUdHbIe

anroputmMbl. [py 3TOM MOrPELLHOCTb COOTBETCTBEHHO paBHa — 6a, Ans KBM-1 u —1.875a; ans KBM-0.5.

MorpeLHOCTN NMHENHbIX anroputmMoB 1 CC2-0,5 uMetoT nuHelHbIN xapaktep. Ans NMMN-1 tg(Q,)=—6-a,,

ana NN-0.5 tg(g,)=-2,25-a,, ans CC2-0.5 tg(p,)=0,75-a,, TA€ @, - Yrorl HakKMoHa KPWBOIi

norpewHoctn, k=123. Otcioga crnegyeTt, 4TO MMWHUMAIbHYK MOrpewHocTe Metoga paet CC2-0.5.

MorpewHocte npu anroputme [MMNC-1 umeeT KBagpaTUYHLIN Xapaktep: —a, —a,(2i+1)—a, (3i* +3i+1)
2

MUHUManbHOE ee 3HaueHMe ronydaeTcs mpu ;— — 2% ~345 1 papHseTcs A, =-a, + % % Anroputm

6a, 3a, 4
MMC-1 gaet MakcMarbHYH NOrPeLHOCTb U3MEPEHUS ANA KyBMYECKOro BXOAHOrO curHana.

2. TpWUroHOMETPUYECKME BXOAHbIE CUrHabl. MccnefoBaHue MpPOBOAMIIOCH AMSt CUHYCOMAANbHOTO
BXOAHOro curHana: x = Um-sin(o-¢+@) M KOCUHYCOMAANBHOTO BXOAHOTO curHana: x = Um-cos(w-¢+¢), rae

Um -amnnuTyga; ® - 4acTtota; ¢ - dasa; ¢ - nepemeHHast (Bpems), ¢>0. PacyeT norpeluHocTen

At
nposoaunca gna Um=1, w=1, ¢=0. i - gond nepuopa, KoTopas paBHAETCAHA i:?-N, rone T -

nepvog, Ar =0.001, N =1,2,....
Mpn cuHycomaansHOM UM KOCUHYCOMAANbHOM BXOAHbIX CUrHamax qyHKUUS MorpeLwHocTM Ans
Kagoro anropuytma nporHosa sBnsieTca nepuoamdeckon. M3 aToro crnegyeT, UYTO MU3MEHAS @  MOXHO

NoNYYNTb MUHUMASBHYIO UM MaKCUMarnbHYK NOrpelwHOCTb. MUHUManbHas NOrpeLlHOCTb PaBHAETCA HYMo
(|AMB| =0).
AHanm3 norpeLuHocTer NoKasbiBaeT, YTO MX 3HAYEHUs AN CUHYCOMAAnbHOro U KOCUHYCOMAanbHOro

CUrHamnoB nexar B 04HOM npegere. HaMMmeHbLlIMn pa3max NorpeLHoCcTy nonyvaeTcsa npu nporHose no CC2-
0.5. 3a Hum nayt Kr1-0.5 u KBIM-0.5.

3. OKCNOHEHLMANbHbIA . _ _ ' )| nnorapudmmyeckun x = Um -1g¢t _BXOOHbIE CUTHaMbI.
x =Um| 1 —exp g
T

T- MOCTOSIHHAsi BpeMeHU, Um - aMNnuTyAa; ¢ - nepemeHHas (Bpems), ¢ > 0.
Ona norapudpmmnyeckoro curHana npegen yHKUMU MOTPELIHOCTM MPOrHO3UPYIOLWMX MeToOoB
U3MEPEHUSA MPU [ —> o CTPEMUTCA K HYmIO, M YeM MeHblle i, TeM Gonblue norpewHocTb. Mpuyem ans

anroputmos [1MN3-1, KBI-1, KBIM-0.5, CC2-0.5 npn i > A,,;; — 07, a gna anroputmos J1M-1, JIM0.5, Kr1-

1, KM-0,5npn i >0 Ay —>0".

Ha puc. 2 npeactaBneH rpaduk norpewHocTen Ans norapudMmyYeckoro BXOOHOro curHana ansg
anroputmos f1MM-0.5, KIl-1, KrM-0.5, KBI1-1, KBI1-0.5, CC2-0.5. Mo ropusoHTanu OTMNOXEHO YCIOBHOE
3HayeHWe BpeMmeHun i (oTcyeTbl), MO BepTMKanM — 3HadveHus norpewHocTn. U3 rpadwmka BUAHO, 4TO
HauMmeHbLLas NOrpeLlHOCTb BO3HUKAET MNPV UCMONb3oBaHUM KyGUYeCcKoro anropMtma nporHosa Ha non Liara
Bnepea.
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Pwuc. 2

PaccmoTpyMM  MOrpeLiHocTM MNPOrHO3UPYIOLLMX METOAOB U3MEepeHUss Ans  3KCMOHEeHUWanbHoro
BXOOHOro curHana. ®yHKLMSA NOrpeLlHoCTN ANa Kaxaoro anroputma nporHosa npeacrasnget cobon cymmy
(v pasHuly) akcrnoHeHT. lNMpepen QyHKUMM NOrPeLUHOCTEN NPOrHO3UPYHOWNX METOAOB U3MepeHus Ond
BXOAHOMO 3KCMOHEHUMANbHOro curHana npu i — e CTPEMMUTCS K HymMo, U YeM MEHbLUE 3HaYeHue i, Tem
Oonblue norpewHocTb. Mpuyem, Kak 1 gnst norapudmmyeckoro curHana, ana anroputmon MM3-1, KBI1-1,

KBr-0.5, CC2-0.5 npn i = A, =07, a gna anroputmos JIM-1, JM0.5, Kr-1, Kr-0,5 npn i — e
Ayg =07,

MuHumaneHaa norpelwHocTe Bo3HukaeT npu Kr1-0.5, CC2-0.5 u KBI1-0.5. [lNporHosupoBaHue
ApyrMMn anroputMamm gaeT npubnmanTensHO OAUHAKOBYIO MOMPELLHOCTb, KOTOpas Ha Nopsaaok 6onbLue.

Ha puc. 3 usobpaxeH rpacuk norpeliHocTen Ans SKCMOHEHUManbHOro BXOOHOrO curHana Aans
anroputmoB KI1-0.5, CC2-0.5 ta KBIM-0.5. Npadukun ans anroputmo CC2-0.5 n KBIM-0.5 gns HarnsgHocTu
NoCTpoeHbl Mo MmoAaynto. [lo ropusoHTanuM OTMAOXEHO YCMNOBHOE 3HayeHue BpeMeHu | (oTcyeTbl), Mo
BEpTUKaNM — 3Ha4yeHus norpewwHocTn. M3 rpacumka BMOHO, YTO HaMMeHbLUAsA MOrpPeLHOCTb BO3HUKAET Mpu
Kybrnuyeckom anroputMe NpPorHo3a Ha norn Liara Brnepeg.
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Puc. 3

Taknum obpasom norapnMmUyYecknii 1 BXOOHbIE CUrHamnbl fydlle BCEro nporHosvpyeT Kybuueckuin
anroputm Ha nors wara snepeg.
PesynbTaTbl UCcCcnegoBaHU nokasanu creayollee:

—-3-
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Mpu nNonMMHOMMarnbHbLIX BXOAHbLIX CUrHanax HynesBas MOrPELHOCTb MPOrHO3MPYHLWMX MEeTOoA0B
N3MepeHns BO3HMKAET B ClyyYae COBMagEeHWs anropntMa nporHo3a ¢ xapakTepucTukamu BXOQHOro curHarna

MorpewHoOCTN A TPUroOHOMETPUYECKUX BXOAHbLIX CUTHAaNoOB HaxogATCs B OAMHAKOBbIX npeaenax u
MOTYT NMPUHUMATb MUHUMAIbHOE UMM MakCMMaribHOE 3HaYeHVe B 3aBUCMMOCTU OT caBura gasb.

CvrHanbl B Buge norapMMUYEcKOM W nokasaTenbHOM (YHKUWMA fydlle BCEero nporHosvpyet
anroputm KI1-0.5.

Ha ocHoBaHWM BblILLECKa3aHHOrO A5is1 MPOrHO3MPYIOLLMX CPEeACTB U3MEPEHUS MOXHO yKasaTb rpynmny
BXOOHbIX CUrHamNoB M anroputMoB MNPOrHo3a, KoTopble obecneyar M3MEpPeHUs C HaUMEHbLUMMWU YETKO
onpeaeneHHbIMU MOrpeLLHOCTAMU. OTO JaeT BO3MOXHOCTb pa3pabaTtbiBaTb TECTOBbIE CUrHarbl A4S NOBEPKU
ncu.
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INFORMATION FORECASTING MEASUREMENT DEVICES AND THEIR ERRORS
Skochelyas K.

Nowadays one should have appropriate means of measurement to get necessary information about
certain quick processes. Already existing information forecasting cybernetic devices are not capable of
defining such measurements due to very low functioning velocity. Therefore, we see a necessity to create a
modern means of measurement which is supposed to enable us to accomplish very precise and time-
effective measurements.

Incoming Mathematical madel IFD
Signal
M CD
X(t) X (t) Anr
Pic.1

The given goal can be attained by means of implementing of new measurement devices-the information
forecasting devices (IFD). This is going to have a metrological basis, supported by advanced computer
technologies.

The given model begins with putting the signals that have been determined into it. The M has the
algorithm of forecasting which assist to work out the incoming information. The calculation part of the device
(CD) is responsible for calculating absolute errors of the information anticipating measurement means (A ;)

according to the formula:

Ay =x(1)=x" (1)
Where x(¢) is he actual figure of incoming signal; x"(7) - the next actual figure derived as a result of

forecasting.
The examination of errors of measurement methods was conducted for three groups of incoming
signals that have been determined. These were : polynomial signals, trigonometrically signals, and signals in
the form of exponential and logarithmical functions.
The given signals are worked on according to the following forecasting algorithm:
e Linear algorithm of forecasting for 1 step a head: (LP-1):x, ., =2-x,,; — x;.

e Linear algorithm of forecasting for 0.5 step a head: (LP-0.5): x,,,5 =1.5-x;,; —0.5-x;
e Square algorithm of forecasting 1 step a head: (SQP-1): Yi+3 =3 Yix2 =3 Xp +X;
e Square algorithm of forecasting 0.5 step a head (SQI1-0.5):

';Ci+2.5 = 0375 . xi - 125 . xi+1 + 1875 . xi+2 .

e Cubical algorithm of forecasting for 1 step a head (CP-1); Yi+4 = 43 =6Xin +4x, —x;
e Cubical algorithm of forecasting for 0.5 step a head (CP-0.5):

X35 =2.1875-x;,3 —2.1875- x,,, +1.3125- x,,; —0.3125- x;

The forecasting algorithm on the basis of the last measurement 1step a head (LMP-1) [2]: ¥i+1 =%i
The forecasting algorithm based on the average mean of two points with 0.5 steps back (AM2-0,5):
o o= Xt Yia

i+0.5 >

The results of the examination reveal the following:

1. Under polynomial incoming signals, there is a zero error level of forecasting measurement methods
appears in the case of coinciding of algorithm forecasting with the data features of incoming signals.

2. The errors for the trigonometrically incoming signals exist in the same limits and can take minimal or
maximal significance depending on the shift in phase.

3. The signals in the form of logarithmical and exponential functions are best forecasted by CP - 0.5
algorithm

On the basis of the above-mentioned, one can indicate the group of incoming signals and forecasting
algorithms for the forecasting measurement means which will allow for the measurement with the smallest
amount of errors.




