TexHiYHI HAYKU

7. Tkachenko O.S. Doslidzhennia vplyvu dodatkovoho oporu na amplitudno-chastotni kharakterystyky piezoelektrychnykh
peretvoriuvachiv, Visnyk Khmelnytskogo Natsionalnogo Universytetu, Technical sciences, Khmelnitsky 2012, No. 1, pp. 108—-112. [in Ukrainian]

8. Pat. 56932 Ukraina, MPK HO4R 17/00. Elektroakustychnyi peretvoriuvach / V.M. Sharapov, Zh.V. Sotula, I.V. Chornoshyi, L.H.
Kunytska, K.V. Bazilo. — No. 201012464 ; zaiavl. 22.10.10 ; opubl. 25.01.11, biul. No. 2. [in Ukrainian]

9. Pat. 59818 Ukraina, MPK HO1F 30/00. Piezoelektrychnyi transformator / V.M. Sharapov, V.H. Savin, K.V. Bazilo, [.O. Morhun,
0.S. Tkachenko. — No. 201100397 ; zaiavl. 13.01.11 ; opubl. 25.05.11, biul. No. 10. [in Ukrainian]

10. Pat. 59819 Ukraina, MPK HO1F 30/00. Piezoelektrychnyi transformator / V.M. Sharapov, V.H. Savin, K.V. Bazilo, I.O. Morhun,
0.S. Tkachenko. — No. 201100398 ; zaiavl. 13.01.11 ; opubl. 25.05.11, biul. No. 10. [in Ukrainian]

Peuensis/Peer review : 1.10.2013 p. Hanpykosana/Printed :24.11.2013 p.
Penensenr: [lapanos B.M., n.1.1., mpodecop, 3aBigysau kadeapu KITIL, YATY, Yepkacu

YK 621.396.96
JI.B. KAPIIOBA, I.A. MAKAPUIIKIH

XMenbHUIBKHN HAIOHAIBHUH YHIBEPCUTET

METO/ OBPOGKH PATIOJIOKALIIHHAX EXO-CUTHAJIIB HA OCHOBI JIOJJATKOBOI'O
AJITOPUTMY ABTOKOPEJISIIIMHOT'O OIIHIOBAHHSA

B cmammi po3po6sieHo memod 06pobku padiosokayiliHux exo-cuzHa/ie Ha O0CHO8I 000amK08020 an20pummy
asmokopeasyiliHozo oyiHI08aHHs KOMN/AEKCHOT 068i0HOT exo-cymiwi, wo dae 3Mozy peasizysamu HASIBHY amMnAimydHy ma
Kymogy Modysyito 8 padiosokayiliiHux cuzHa/ax Hagims 6e3 nonepedHvoi ix oyinku. OmpumaHo psi0 aHaAIMU4HUX 8UpA3ie
dyHKkyili HesusHaueHocmi padiosokayiliHux cueHaaie npu ix amnaimyduili ma Kymosgill modysaayii eunadkosumu
npoyecamu 3 pi3HUMU 3aKOHAMU PpO3n0diay.

Karouosi cnosa: kopeasyisi, pyHKYiss HeBU3HAYEHOCMI, 3dKOH p03Nn00iay, KOMN/AEeKCHA 068I0HA CUZHAY.

L.V.KARPOVA, D.A. MAKARISHKIN
Khmelnytsky National University

RADAR ECHO PROCESSING METHOD, SIGNAL BASED
ON ADDITIONAL EVALUATION ALGORITHM AUTOCORRELATION

Abstract - In this article a method for processing radar echo signals from additional autocorrelation estimation algorithm
integrated bypass echo mixture , allowing to implement existing amplitude and angle modulation in radar signal even without prior
evaluation.

The method is based on the use of the autocorrelation properties of the signal, the evaluation of which are equally considered as
deterministic and nondeterministic components. The basic idea of the method is based on the fact that the active and semi-active radar echo
signals all in one sensing period correlated with each other both deterministic and for nondeterministic components.

A number of functions analytic expressions of uncertainty radar signals in their amplitude and angular modulation of random
processes with different laws of distribution.

Keywords: correlation function of the uncertainty distribution law, complex envelope signal.

I3 Teopii pamioTeXHIYHHX CHUCTEM Ta CHTHAJIB BiZIOMO, IO MOTEHLiiHa pO3/ibHA 34aTHICTh AKTUBHHUX
pamionokaniiiHnX 3aco0iB BH3HAYAETHCS BHKIIOYHO JETEPMIHOBAHMMH XapaKTEPUCTUKAMHU 30HIYIOUHUX CHTHAIIB
(po3aisbHA 3[JATHICTH MO JAIBHOCTI) Ta CIPSIMOBYIOUHUMH XapaKTEPHUCTUKAMH BHIIPOMIHIOKOUUX | TPUHOMHHUX aHTEHHHX
cucteM (po3AilbHA 3[aTHICTh 1O KyTOBUX KoopauHatax) [2, 3]. Ilpu upomy, B Mipy JETEpMiHICTHMYHUX HiIXOIIB
aKCIOMOIO € TMPaBWJIO, BIJIMOBIJHO SKOTO CTYIiHb PO3PI3HEHHS BiA3EpKaJCHUX BiJ Iileld CUTHANIB (€XO-CHTHAJIB) HE
MO)XKe HEpEeBUINYBATH CTYIIHb PO3pi3HEHHS 30HAYyI0unx [1]. Ile MOSCHIOETBCS THM, IO ONTHMANBHE BHSBICHHS Ta
PO3pI3HEHHSI CHTHAJIIB MOJKJIMBE JIMILIE MPU 3aCTOCYBAaHHI Y3TOJKCHUX alTOPUTMIB, sIKi 1 peai3yroTh X MOTEHIHHI
MOYITHBOCTI, & Y3TOJDKEHHS 110 He IETEPMIHOBAHUX CKJIAJ0OBHX B MPUHIIUIT HE MOXKIIUBE.

JlocmipkeHHsT MaTeMaTHYHOI MOJIEN IMITyJIbCHOTO 30H/AYIOYOT0 PaJiOCHUTHAY 3 ypaXyBaHHSM CTATHCTUYHHUX
MoJenell aMILITy[HMX Ta KyTOBUX CIOTBOPEHb B HOro KOMIUIEKCHIN OOBiAHIM IOKa3alu HasBHICTh MOTEHUiMHOL
MOYJIMBOCTI I10/I0 TIOKPALICHHS XapaKTEPUCTHK aKTHBHUX Ta HAMIBaKTUBHUX PaJiONOKAI[IifHUX 3ac00iB, 110 00YMOBJICHO
HAsIBHICTIO JJOAATKOBOI aMILIITyJHOT Ta KyTOBOi MoAyisiii. [IpoTe, HeeTepMiHOBAHICTh CAMUX MOIYIIOIOYMX CKIATOBUX
yepes ix QaykTyaniliHy npupoxy He a€ 3MOTH 3aCTOCYBAaTH ONTHMAIBHHH (y3TOKEHHUI) arOPUTM, a OT)KE BOHH HOCSITH
MapasUTHUHA XapakTep 1 €JUHUM MOXUIMBHUM BHXOJOM, IIO 3aCTOCOBYEThCS HA CHOTOMHINIHINA EHb, € MaKCUMalbHA 1X
KOMIIEHCALisl.

B craTTi MpOMOHY€EThCs NEImI0 aJbTePHATHBHUM TMiOXiA, a camMe MeToJ, W0 0a3yeTbhcsi Ha BHKOPUCTaHHI
ABTOKOPEIILIfHUX BIIACTUBOCTEH CHTHAYy, TPH OIIHII SKHX OIHAKOBO BPAaXOBYIOThCS SIK JETEPMiHOBaHI, Tak i
HeJeTepMiHOBaHi ckianoBi. OCHOBHA ifes MeToAy 0a3yeThcs Ha TOMY, IO IIPU aKTUBHIM Ta HamiBaKTHUBHIM paionoxanii
BCl €XO-CHTHAaJK B OJHOMY TepioJi 30HAYyBaHHS KOpEIbOBaHI MK COOOI0 SK 3a JETEpPMiHOBAaHHMH, TakK 1 3a
HEJIeTepPMIHOBaHUMH CKJIJOBUMHU.

MareMaTiyHa MOJIeNIb TPYIIOBOIO €XO-CHTHAIY — CYMIllli €XO-CHTHaJIiB Big M — 1inei, 6e3 ypaxyBaHHS IIyMiB
Ta 3aBajl, MOXe OyTHU MpeJCTaBICHA Y TAKOMY BUIJISL

M
Uap (t) = ZAnU(t Ty )gu (t - Tn)expj(wof + o, (t - z-n) +@o+ @yt ‘f(p(t ~Tn )) (1

n=1
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20)0Dn

ae w, = — JIOIJIEPIBCHKE 3MILIEHHS YacTOTH; (0, = — dasoBuii 3cyB exo-curnany; %,

pajianbHa WBAAKICTB 7-i wini (enementy uini); D), — Bincraub 1o n-i uini (enementy uini).

Leit BUpa3 MIiCTUTh CHUTHAIM 3 MEBHUMH aMIUIITyTHHMH i KyTOBHMH BiJMiHHOCTSIMH, IIO BHOCSTBHCS IIPH
BiIOMTTI BiJg pi3HUX ILiIeld (eJIeMEHTiB), HMPOTe BCI BOHUM MAaIOTh 1JCHTHYHI (IyKTyaumiiiHi amIuiTynHi 1 KyToBi
MOJIYJISIIMHI CKJIaNoBi, BHeceHi mie mpu (OpMyBaHHI 30HAYHOUOro curHany. Yepe3 GuyKTyalifiHy NOpUpOAY IHMX
CKJIAJIOBHX, CHHTE3yBaTH ONTUMAJIBHY IM CTPYKTYpY aJrOPHTMY OOpOOKHM HEMOXJIMBO, a MOMJIMBO peaiiyBaTH JIHILE
ONTHMAJBHAN alNrOpUTM II0 YCEpeOHEHHX 3HAYCHHSX, SKHH B PEAIPHHX YMOBax € Oulblle pamioHalnbHHM, HIXK
ONTHUMAJIBHUAM.

JIJ1st OLIHKK MOTEHIIHHUX MOYKIJIMBOCTEH PO3PI3HEHHS €X0-CUTHANIB B TaKiid CyMillli, HEOOX1IHO MpoaHalli3yBaTh
1i KopesiniiiHy (QyHKIII0, IKY 3pyuHillle BUPa3UTH Yepe3 KOMILUIEKCHY O0BinHY.

Kommnekcua o6BiHa cymini exo-curHaiis (1) Mae BUTIIAL:

M
Uep (t) = ZAnU(t —Th )éu (t —Tn ) eXp][wn (t - Tn) + fq, (t ~Th )]exp](”n @
n=1 .
Sk BimoMo i3 Teopii KopensliifHoro aHami3y, kopesuiiina QyHKIisS aAUTUBHOI CyMillli KOMIUIEKCHUX OOBIJHUX
(2) moxxe OyTH TpeACTaBJICHA y BHUIJIAJI CyMH B3a€MOKOPENSLIHHUX (YHKI[IH KOMIUIEKCHHX OOBIJIHUX OKPEMHX €XO-
CUTHAJIIB!

M M
B(r)=) > B, (7 3)

n=1 m=1 ,
a00 B MaTpUYHOMY BULJISLIL:
Bii(z) - Byy(®)
B, (1) = : : ) 4)
Buyi(@ - By u(@)

ITpoctuit noriunuit ananiz Matpuni (4) nokasye, 110 €I€MEHTU Ha TOJIOBHIH giaroHani npuiiMaloTh MakcuMambHi
3HaueHHA npu T=0, a BPaXOBYIOYM IIUPHHY KOpEIAMiiHOI (yHKIii MPSAMOKYTHOTO IMIyIbCy MOXYTh NPHIMAaTH

HEHYJIbOBI 3HAYEHHS TUIBKM B MeXax HIMPUHU (|TO.5|) OCHOBHOI MNEJIIOCTKH KOpeJsliiiHOT (yHKLIi KOXHOTO 3 eXo-
CHUTHAJIIB B CyMillli, TOOTO

B, m(7)=max, 7=0,

npu n=m, Bn’m(T)?ﬁO, TZ|TO~5 R 5)

Bn,m(r) =0, 7> |TO.5|'

BnactuBocTi Kopensaniinoi Gpynkuii npu /17 1 MaroTh HACTIIKOM TaKi TBEPIKCHHS:

Bn,m(z') = Bm,n (7),

2 Bum(0223 3B, (1),
n,m n=l m=n+l

3 (6) MOkHa 3pOOUTH TaKi BACHOBKH:

- Ha aBTOKOpeNAUiiHil QyHKLIl cyMilll ex0-CUTHalIB 3aBxau Oyne npucyTHs ckianosa B(0) He 3anexHo Bif
3Ha4yeHHs1 M, ipu yomy Juis M = 0 3HauenHs B(0) Oyzie BU3HAUATHCS CHEPTIEIO IIYMIB;

- Ha aBTOKOpeNAliiHIM ¢GyHKUIl cymimn exo-curHaiiB Oyae NPUCYTHs TiIbkM ofHa ckianoBa B(0) sk 3a
M=0 Tak i 38 M=1 , mo ¢pakTUYHO O03HAYAE HECIPOMOXKHICTh ABTOKOPEJSILIHHOTO aJrOpPUTMYy BHUSBISITH
€XO0-CUTHAIIH, a TUIBKY iX pO3pi3HIOBATH;

- MakCHUMaJlbHE 3HA4YCHHsS B3a€MOKOPEILILIHHMX UJIEHIB Bn m(r ), s W#N1 He MoXke TEpEeBHINYBaTH
,
1 M
= 2.Bum(0);
n,m ’
2 n,m
- aBTOKOpeJLiliHE OLIHIOBAaHHS Ma€ CEHC JIMIIE 332 YMOBH, L0 TPHUBAJICTh IMIYJbCy 3HA4HO Oinblna 3a
IIIPHUHY OCHOBHOI METIOCTKH aBTOKOpeIsNiifHoI GyHKIii 7; >>|Z‘ 0.5| .

TakuM YMHOM, AITOPUTM aBTOKOPEISIIMHOTO OILIHIOBAHHS MAa€ CEHC TUIBKH y BUTIISL JOAATKOBOTO KaHATy
00poOKH €X0-CUrHaJIiB, @ HE OCHOBHOTO 1 € e()eKTHUBHUM JIMIIE 32 HASBHOCTI 3HAYHOI /10/1aTKOBOT MOJYJIALI] HE 3aJIeXKHO
BiJl 11 JeTepMiHi3My (IPUPOAHOTO a00 MITYYHOTO MOXOKCHHS).

Mopenb npuiiMaya, O peali3ye METOJ MiJBHUIIECHHS CTYIEHs PO3PI3HEHHS paJioNoKaliliHUX €XO-CUTHAJliB Ha
OCHOBI aJITOPUTMY aBTO KOPEISALIHHOTO OLIIHIOBAHHS TPUBEJICHO Ha puC. 1.
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Jlerextop ABTOKOpE- TToporoBuit
KO ] JITOp MPHUCTPii

Tpucrpiit popmyBanHs
iHTepBaly aBTOKOpPEISLIT

IMoporoswuii

Jlinis Ilepemuo-
Jlerexktop  |—pf TpHCTpiit

> 3aTpuMKn > KyBau

—»f TPY, TIIY | —» AL

OCHOBHUIT TPaKT NpuiioMmy

Puc. 1. CtpykrypHna cxema npuiimaua PJIC, mo peani3ye 3anpononoBanuii MeTos

BinnoigHo maHoi Mmopeni, oOpoOKa €XO-CHTHajiB 3 BHUKOPUCTAHHSIM HEIETEPMIHOBAHUX KOPEIALIHHUX
BIIACTHBOCTEN 3/1iHCHIOETHCS B /IBA €TAITH:

- Ha IepuioMy 3AiHCHIOEThCS BUSBICHHS B OCHOBHOMY KaHaji HpHUiioMy (BCTaHOBIECHHS (DaKTy HasIBHOCTI
KOPHUCHOTO CHTHAITY);

- Ha JIpyromy OLIHIOETHCS KUIBKICTh €X0-CUTHAIIB B CyMillli 32 i1 KOPENSI[IHHUMH BIACTUBOCTSIMH.

Ha nepmromy erari, 3a KIaCHYHIM aJrOPHTMOM MPOBOIUTHCS BUSBICHHS €X0-CUTHAMIB. [IpH IbOMY, QJITOPUTM €
ONTUMAJILHUM JUTS IPSIMOKYTHOT (JOPMH KOMILIIEKCHOT 00BIZHOT 1 3a0e3meuye po3AlICHHs €X0-CUTHAJIB TiIbKH 32 YMOBHU
ix posHeceHHs B yaci. Ha npyromy erami, KOJIM BCTAHOBIEHO (haKT HasIBHOCTI €XO-CUTHAILY 1 BpaXOBYIOUH, T€ 110 BCi €X0-
CUTHAJIM B MEXaXx IEpiojly 30HIYBaHHs KOPEIIOITh MiXK COOOI0 sIK 3a JETEPMIHOBAaHMMH TaK 1 3a HEJIETEPMiIHOBAHUMH
CKJIQJIOBUMH, U1 PO3PI3HEHHS OKPEMHX CHUTHAJiB B CyMIilli OLIHIOETbCS ii aBTOKOpemsuiiiHa QyHkuis. Ilpuy npomy
CTYIiHb PO3PI3HEHHS! OKPEMHUX CHTHAJIB Yy CyMillli BU3HAYAETHCS IIUPUHO OCHOBHOI MENIOCTKH 30HIYFOUOTO CHTHAY 3
ypaxyBaHHSAM HeJeTepPMIHOBAHHX MOMYJIALIHHUX CKJIAJOBHX, sSKa 332 IEBHHX yMOB, MOXe OyTH 3HaYHO BYXYOI0, SIK L€
OyJ10 MoKa3aHO B MEPIIOMY HAYKOBOMY PE3YJIbTaTi.

BianosigHo OTpUMaHUX pe3ybTaTiB, OyJl0 IpOBEAEHE IMiTalliliHe MOJEIOBaHH. Sk BUIHO 13 HOro pe3ynbTaTiB
ypaxyBaHHSI aBTOKOPEJILIHHUX BIACTHBOCTEH KOMIUIEKCHOI OOBITHOI 30HIYIOUHMX CHTHANIB MPU3BOAUTH OO 3HAYHOTO
MiABUINEHHS CTyNeHs iX po3pisHeHHA. Ha pucynkax 2,a Ta 2,0 nokasaHa ¢popMa aBTOKOpeJALiiHOI (yHKII{ 1BOX €Xo-
CUTHAJIIB 3 MPSIMOKYTHOIO OOBIIHOO Ta JIHIHHOI YaCTOTHOK MOYJISALIE0 NPU Pi3HHUX JEBIallisiX YacTOTH, 110 PAKTUIHO
BIJNOBia€ pi3HIi WMMPUHI CMyru IpPONYCKaHHs NpuilMaya, Ta NPU PI3HOMY BIiJHOLIEHHI CUTHAI/LIyM Ha BHXOJl
JIETEKTOpa KOMIUIEKCHOT 00BITHOT.

Ha puc. 3 npuBenero rpadiku KOMIUIEKCHUX OOBLAHUM 30HAYIOYOIO CHUTHANy, CyMillli JBOX €XO-CUTHAJiB Ta
mymy. Ha puc. 4 nmpuBezieHo Ti x rpadiku ane Aj1st iHIIOr0 po3Maxy 4aCTOTHOI HECTaOlIbHOCTI 30H/IyFOUOTO CHUTHAITY.

Ha puc. 5 npuBeneHo rpadiku, mo UIOCTPYIOTh eEKTHBHICTh aBTO KOPEISIIHHOrO OLIHIOBaHHS CyMillli €Xo-
CUTHAJIIB MPU 3HAYHO BHUIIOMY PiBHI HIyMiB. Sk BHIHO 3 nuX rpadikiB, 4iTKO MPOCIIIKOBYEThCS TCHICHIIIS 10 Pi3KOTrO
3MEHIIEHHS e()eKTUBHOCTI IPOIIOHYEMOTO METOLy 3aJIEKHO BiJ PiBHSA IIYMiB.

Ha puc. 6 npuBeseHO 3aleXHICTh PiBHS aBTOKOPEISIIMHUX CKJIA0BUX CYMIIlll ABOX €XO-CHUTHAIIB MPH Pi3HUX

3HAYCHHSX YaCTOTHOI HecTabinbHOCTI reHepaTopa HBY.
JOCTaTHBO €(EeKTUBHO MOXYTh OyTH 3acTocoBani. IIpore, mpum aii IIymiB, 3a paxyHOK pi3KOro cmnaay piBHA
B3a€MOKOPEJISILil €XO-CUTHAJiB, KAPTHHA MOTIPIIYETHCSA, X0Ua MPH TIEBHOMY PIiBHI B3a€MOKOPEJALINAHI BIATyKH BCE IIe
YiTKO IPOIJISIAIOTECS. TakuM YMHOM, CTa€ OUCBHIHUM OOMEKEHHs 3aCTOCYBAHHS METOJY, SKE IOJISra€ B HaCTYyIHOMY:
MiJABUIIEHHST PO3PI3HEHHsI €XO-CHTHANIB MOXKJIMBE JIMIIE 33 YMOBH CTIHKOTO IX NpHHAOMY HpH SIKOMY 3a0e3ledyeThest
JIETEKTYBaHHS iX KOMIUIEKCHOI OOBigHOI 3 BigHomieHHsM curHan/mym He ripme O ab. Ile came migTBepmkyerbes
rpadikaMi 3aJIe)KHOCTI PiBHS B3a€MOKOPENALIHHUX CKJIAIOBUX MO BiJHOIICHHIO IO CyMapHOT €HEprii B 3aJIe)KHOCTI BiJ
CMiBBiJHOIIEHHS CUTHAJ/IIyM KOMIUIEKCHOI 00B1IHOT, 1110 TOKAa3aHi Ha puc. 6.

TOK! IALA KOMMNEKCHOT HOT .
1 ABTOKapenAuiA KomnnekcHoi obeaHo! ABTOKOpENAUIA KOMNNEKCHOT 0GB AHOI

Curnai Ha BUXO/I ) r CuTHaT Ha BUXOi
09} KopensTopa Curnan Ha Buxoxi 111 ool KopessTOpa Curnan Ha Buxoi TTIT
08l 0sk
07 o7l
06} ‘ 06+
05+ | 05k
04} H 04}
11
0.3t I L
I o
02f | [ | “ 02k Mr\
01} i 1(/ 01t W_‘ f
| .\M W, W Lt 1 b LAt

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

a) 0)
Puc. 2. ABTOKOpeIsiLisi KOMIJIEKCHOT 00BiTHOT cymilli exo-CHrHaJIiB: a) NPH BiIHOMIEHHI CHIHAJI/IIYM HAa BUXO/i JeTeKTopa
KoMILIeKcHOT 00BiiHoi +10 1B; a) npu BiqHOLIEHHI CHTHAJI/IIYM HAa BUXO/i IeTeKTOpa KoMILIeKcHOoi 00BiaHoi 0 1B
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Aptokopenauia KO aoHgyrouoro curHany A1EITDKDpEJ'IHLI'iF| KO cymiwi Box exo-curHanie : ABTOKOpPENALIA LyMY
0.9 E 0.9r 0.9r 1
038 E 08 08 1
07 E 07p 07
06 E 06 0.6
05 k 051 H 0.5
04 E 04r 04
03 E 03r 0.3
02 E 02r 02
01 E 01p 0.1
0 ‘ : : 0 L ol : - j il
0 100 200 300 400 0 200 400 600 800 0 200 400 600 800
a) 0) B)

Puc. 3. ABTOKOpeIsiLisi KOMIJIEKCHOI 00BiTHOT 2)30H1YI04Y0T0 CUTHAJIY; 0) CyMillli ABOX €X0-CUTHAJIIB NPH BiJHOLIECHHI CUTHAJI/IIYM Ha
BHUXO/i 1eTeKTOpPa KOMIJIEKCHOI 00BiaHOI +5 1B; B) mymy

Agptokopenayia KO zongyrodoro curdany  Aetokopenauia KO cymiwi JBox eXo-CUrHanie ABTOKOPENALIA LLyIY

1 T T 17 1 T T T
091 b 091 091 b
D& A 08 D8 A
07r q 0rr 0T

0.6¢ B 061 0.6

051 B 051 0.5

0.4r B 04r 04

031 B 031 0.3

0.2r B 0.2r 0.2

01r B 01r 01

L L L Y T— 0 .

0 100 200 300 400 0 200 400 600 800 0 200 400 600 800
a) 0) B)

Puc. 4. ApTokopesiuisi KOMILUIEKCHOT 00BiIHOT ) 30H/1YI04OI0 CUTHAJIY; 0) cyMilli JBOX eX0-CUTHAJIIB NPH BiJHOLIEHHI CHTHAJI/IIYM Ha

BHUXO/i 1eTEKTOPAa KOMILJIEKCHOI 00BiaHOI +5 1B; B) mymy

Aetokopenauia KO soHgyrouoro curnany Aetokopenauia KO cymiwi geox exo-curHanie ABTOKOpENALIA WMy
. T 17 14 T . .
0.9t E 0.9t
121 1
08t E 0.8f
07} 8 0.7} 1 1
06} E 06}
08 1
05} B 0.5
04t 8 04 06 |
03f E 0.3 04 ]

0z2r b 0.2
02 1

01r k 01

0 " \ ” 0 ek
0 100 200 300 400

0 200 400 600 800

B)
Puc. 5. ApTokopesinisi KOMILIEKCHOT 00BiIHOT a) 30H1YI040I0 CUTHAJY;
0) cymiui ABOX eX0-CHIHAJIIB PU Bi/IHOLIEHH] CHIHAJI/IIYM HA BUXO/i leTeKTOpa KoMIlIekcHol 06BinHoi 0 1B; B) mymy
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C.U n
— JIUM (eigHocHa HecTabinshicts 107-3)

o e Tave-TOM igsocsamecrabimsicrs 107 || L

Tayc-JTUM (pigHocHa HecTabimeHicTs 10-3)
- - - IIpamokyTHa obeigHa

PizcHe BracMoKopensAll HHHX NemocTor

BigHomenHs curHan/mym Ha sixopi gerektopa KO, 1b

Puc. 6. 3aje:xxHicTh HOPMOBAHOI'O PiBHS B32€MOKOPeIANIfHNX YIEHIB Bil BiTHOIIEHHS
CHUTHAJI/LIYM HA BUXOJi 1eTEKTOPa KOMILIEKCHOI 00BiHOT

STk BuaHO 3 rpadikiB, TinbkK Ha piBHI +0,5 nb crocTepiraeThes pi3Kuid CINIECK Y BCIX BUIMAAKAX, HE3AJICKHO Bijl
KOPEIbOBAHOCTI KOMIUIEKCHOI 00BiIHOT caMOro 30HAyrouoro curxaiy. Ilpore, npu BigHOIIeHHI curHan/mym ume 1 nb
BUTpAIll Bijl 3aCTOCYBAaHHS METOJY B 3HAUHIH Mipi 3aJIeKUTh Bil HOPMH KOMILICKCHOT OOBiIHOT 30H/Iy0UOTO CHTHAIY, TIPU
4OMY, Ha II[O CJIi/l HATOJIOCUTHU — HE3aJIeXKHO Bif ii AeTepMiHOBaHOCTI.

ExcniepuMeHTalbHI JOCIIPKEHHS Ta IMiTaIlilfiHe MOJICIIOBaHHS MoKa3aiu (puc. 7), o B 3aJeXKHOCTI Bia GpopMu
KOMIUIEKCHOI 00BiZIHOT (sIka BU3HA4a€ThCs TUIIOM renepatopa HBY, ciocoboM moOynoBu MOynaTOpa Ta HOTO PEXXUMOM
po60TH), CKOPOUYECHHSI TPUBAIOCTI 30HAYIOYOTO CUTHAITY IIPH MOCTIiHHIM IIMPHHI CMyTH MPOITyCKaHHS NpHiiMada 1a€ 3MOTy
OTPUMATH BUIpPAIl B PO3ALIBHIM 34aTHOCTI B MeXax IEKIIbKOX pa3iB HpHU 30epeKeHHI BiAHOLIEHHS CUTHAJI/IIYM, abo
MiABUIIUTH BiTHOIIEHHS CUTHAJ/IIYM 32 paxyHOK 3BY>KEHHS CMYTH IPOITyCKaHHS IpuiiMada IpH 30epekeHHI TPUBAIOCTI
iMITyJIbCY @ BIIOBIAHO 1 PO3AIIBHOI 3AaTHOCTI.
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BigHoweHHs CUrHa/ IyM

. -1
BigHomen s (AFT,.)
Puc. 7. 3mina BiTHOIIEHHSI CHTHAJI/IIYM NPH Pi3HOMY CHiBBiIHOLIEHHi CMYTH NPONYCKAHHSA Ta TPUBAJIOCTI iMITyJIbCy

BucHoBku

Po3pobnenunii MeTo/| Jae 3MOTy peaii3yBaTH HMOTCHIIHHI MOXKJIMBOCTI CHTHAJIB HAaBITh 3 ypaXyBaHHSAM IX He
JIeTepMIHOBAHUX BIACTUBOCTEH, 110 MalOTh Miclle P BIUIMBI pi3HUX (IyKTyaulilHUX IPOLECiB B IepeaBadi, aHTEHHO-
(hizepHOMY TpaKTi Ta MPH BiI3EPKATICHHI CUTHAIB BiJ| LiJCH.

ExcrniepyMeHTaNbHI JOCHIPKEHHS Ta iMiTalliiiHe MOJICITIOBAHHS MIOKA3aJIH, 10 B 3aJIS)KHOCTI BiJI THITy reHeparopa
HBHUY, cnocoby nobyaoBu MoaysTopa, Horo pexumy poOOTH Ta CMyId NpPOIyCKaHHs IpuiiMauya, BUTPAIl B PO3ALUIbHIN
3JIATHOCTI MOXE CSATATH JICKIIBKOX Pa3iB MpH 30epeKeHHI BiTHOICHHS CUTHAN/IIIYM, 800 HaBIIAKH.

3a pesynpTaTaMM IMiTamiffHOrO MOJETIOBaHHS BCTAHOBJCHO, IO 3aCTOCYBAaHHS JOJATKOBOTO AITOPHTMY
KOPEJALIHHOTO OIIIHIOBaHHS CYMIlll €XO-CHTHANIiB B MpWiiMayi Jae 3MOTy MiABHMIIMTH PO3AibHY 3aatHicTe PJI3 mo
JanbHOCTI B 2—3 pasy, pu 2-X KPaTHOMY Pe3epBYBaHHI CMyId 4acTOT puiiMaya i O1bLI HIXK B 8 pasiB, IpU S5-KPaTHOMY.
Ilpy 1BOMy 3aCTOCyBaHHs TIICEBIOKOTEPEHTHOI BHYTPILIHBONEPIOAHOT OOpOOKM pajioNoKaliiiHUX CHUTHAJIB B
HekorepeHTHUX PJI3 mae 3Mory orpumaru BUrpall B BiIHOIIEHHI CUrHan/miyM 10 12 nb mpu rayciBcbKiil aMmiTynHii
00BiHIN 1 6:11M3bK0 8 1B MpU NPAMOKYTHIN 3 €KCIIOHSHIIHHUMHU (POHTAMH.
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B.T. KOHJIPATOB

Wnctutyt kubepueruxu uM. B.M.I'mymkoBa HAH Ykpaumnst

TEOPHSA U3BbITOYHBIX U CBEPXW3BLITOUYHBIX U3MEPEHUI:
CYUIHOCTb CBEPXU3EBITOYHbIX U3MEPEHUI
COOBILIEHHUE 3

B Hacmoswem coobweHuu paccmampusaromcsi Guaocogckue acnekmaol ceepxu3bblmo4HbIX U3MepeHull, npuso-
0samcs1 Hosble NOHAMUSA U onpedesneHus, U3/102aemcsl CYWHOCMb C8epXu3bbimoYvHbIX UaMepeHull, yHdameHm meopuu,
npedmem uccsedo8aHull, paseusaemvle HAY4Hble HAnpas/aeHus, @yHoameHmMaabHvle OCOOGEHHOCMU C8epXU3bblMo4HbIX
usMepeHull, npasu/a peweHus Mempo/102uveckux 3ada4, npasuaa nod6opa psi0oe gusu1eckux 8eAuYUH u m.o.

Paboma npedcmassisiem uHmepec 015 y4eHbIX-Mempo.10208, CNeyudaucmos, Mazucmpos U acnupaHmos.

Katouegble cn108a: meopusi U3bblMOYHbIX U C8EPXU30BIMOYHbBIX USMEPEHUTl, CmMPyKmMypa meopuu.

V.T.KONDRATOV
V.M.Glushkov Institute of cybernetics of National academy of Science of Ukraine

THE THEORY OF REDUNDANT AND SUPERREDUNDANT MEASUREMENTS:
ESSENCE OF SUPER-REDUNDANT MEASUREMENTS
THE MESSAGE 3

Abstract - The theory of super-redundant measurements is a new branch of development of the theory of the redundant
measurements, the new scientific direction having the specific features.

The further development was received by philosophical aspects of the theory such concepts and definitions, as quasi-true and true
values of physical quantity, iterative and is probabilistic-iterative methods of redundant measurements and others, in particular, are
formulated.

The essence of super-redundant measurements is opened.

It is established, that super-redundant measurements are repeating the limited number of times measuring transformations of the
expanded number of the physical quantities naturally connected among themselves in the sizes and including some of exemplary quantities
of the accepted size, with the subsequent averaging or with not averaging of the transformed quantities with the same name, their
processing agree a priori deduced statistically authentic set n the equations of redundant and-or super-redundant measurements and
definitive averaging of ensemble of the received results of measurements of required physical quantities, parameters of transformation
function of the measuring channel, and also estimations of a current condition (metrological characteristics and metrological serviceability)
used of redundant measurements means during all time of its operation.

Feature of super-redundant measurements is that only in them ensembles of the redundant measurements equations or ensembles
of the numerical values equations are formed and used.

Affirms, that unlike redundant, super-redundant measurements for one cycle of implementing several methods of redundant
measurements, as used by a number of advanced transformed physical quantities can be represented as a combination of (a set of) physical
quantities, representing together with the equations of redundant measurements of a particular method of redundant measurements .

Strategy of super-redundant measurements — definition strategy of kvazi-true and true values of object researches properties,
current values of transformation function parameters of the measuring channel, and also parameters or indicators of metrological reliability
of intellectual measuring system «Object of measurement — Means of redundant measurements», directed on achievement of new quality of
measurements.

It is ascertained, that at realization super-redundant measurements hardware-software and hardware expenses for parallel
processing of ensemble of the data received on final set of the redundant measurements equations essentially increase.

The subject of researches of the super-redundant measurements theory is established, rules of formation of numbers of measured
physical quantities, etc. are formulated.

The concept of alternative measurements, as multiple and multi-purpose redundant and super-redundant measurements
providing the decision of metrological problems and reception of high quality of end results in comparison with direct measurements is
entered.

For the first time in the world classification of alternative measurements which gives representation about all their variety and an
interconnection is developed.

Eight fundamental features of the super-redundant measurements distinguishing them from other measurements are formulated.

Set research subject of super-redundant measurements theory which comprises: the cognition of their own laws of the structure,
functioning and development, cognition of the properties of ergodic dynamical measurement systems, cognition of the super-redundant
measurement methods and their features aimed at identifying patterns and features definition of quasi-true and the true values of physical
quantities and parameters of transformation function of the measuring channel (one or several); the development of strategy of reception
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