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The study of the ball mill as a controlled object on the pulp vacuum channel made it possible to
describe it using the mathematical expression given in the article. The solution of this expression makes it
possible to characterize the change in the mass of the material in the mill over time, provided that a stepwise
action is introduced at the entrance - the volume flow of water or ore. A constant value of the mass of material in
the mill will clearly characterize the corresponding solid/liquid ratio. It has been found that it is important to
study the filtering capabilities of the control object, as control actions on water and disturbing actions on ore can
significantly change the vacuum of the pulp in some areas of the mill. The filtering capabilities of the mill can be
investigated by its amplitude frequency characteristics, which showed that at low circular frequencies the
amplitude frequency characteristics depend on the mode of operation of the mill - the magnitude of the
circulating load and the cost of the source ore. Using computer technology, spatial diagrams of the relative
oscillations of the mass of material in the mill from the amplitude and frequency of influences at its entrance
through the ore and water.

In the course of theoretical research it was determined that the only approach to ensure the required
accuracy of determining the solid / liquid ratio in these conditions is to filter the signals before applying to the
input of the identification unit of the ratio. Thus, the system of automatic control of the solid/liquid ratio at the
entrance to the mill is implemented on microprocessor means. Its operation on the laboratory test bench made on
the microcontroller showed high accuracy of stabilization of technological parameter, reliability in various
conditions of change of characteristics of input signals.
measurement of the solid/liquid ratio, optimization of the choice of measuring instruments
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Metona cuHTE3y ONTUMAIIBHOTO 0AraTOBUMIPHOTO
(GUIBTPY JJ1s BUUICHHS PEryJISIPHOIO CUTHATY Ha (hOHI
BHUIAJIKOBUX MEPEIIKO/

B mamifi  craTTi TOpPUBOIUTBCA  JOCHIIKEHHS MOXJIIMBOCTI  3aCTOCYBAaHHS  KOMILIEKCYBaHHS
BUMIpIOBaIbHOT iH(pOpMALIT B yMOBaX, KOJIM KOpHCHA 1H(OPMAILLIS SIBIISIE COOOI0 BEKTOP PEryJIsPHUX CUTHAIIB, a
3aBaJ¥ BUMipIOBaHHS — OaraTOBUMIpHUH CTaIliOHAPHUIA BUIIAJKOBUH TPOIIEC.

BUMipIOBaHHs, QinbTpamis, CHTHAJ, NePeIKoAN, BUNATKOBUI MPoLec, MeTO CHHTE3Y

IocTanoBka npo6eMu. CTBOPEHHS CYYaCHUX IHTEJIEKTYaIbHUX CHCTEM NMPUAHSATTS
pillleHb, CHCTEM aBTOMATUYHOTO YNPABIIHHA pPYXOMUMH OO ’€KTaMH TOTPEOYIOTh
BHCOKOTOYHOI BUMIiproBaiibHOI 1H(opmartii. [xepenom Takoi iHdopmarii € iHdopmaliiiiHo-
BUMIPIOBaJIbHI KOMIUIEKCH, SIKICTh POOOTH SIKUX BU3HAYAETHCS TOYHICTIO OJIEP>KAHHS OIIIHOK
napameTpiB, IO BHUMIPIOIOTECS. B CBOI0O dYepry TOYHICTh OINIHKH 3aJIeKUTh BIJ PIBHS
BUPOOHHUIITBA CHUCTEM JAHOTO KJIacy Ta aJrOpUTMIB OOpPOOKH pe3yJbTaTiB BHUMIipIOBaHHS.
[IpuaomMy, 3HaYHOTO BHUTpAIly MOXIIMBO JOCSITTH TPH 3aCTOCYBaHHI HOBHX ONTHMAJIBHHX
ITOPUTMIB 0OpPOOKH pe3ynbTaTiB BUMiproBaHHs [1, 2].
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AHaJi3 OCHOBHHX [JOCTilKeHb i myOuaikauiii. OgHUM 3 METOMIB MiABHUILEHHS
TOYHOCTI OIIIHKM TapaMeTpiB BHUMIPIOBaHHA € OararokaHaJbHE BUMIpIOBaHHS (Pi3UIHOT
BEJIMYMHU 3 TOJANBIION ONTHMAaJIbHOIO (uIbTpaliero. 3ajada BHU3HAYEHHS CTPYKTypU Ta
napameTpiB ONTHUMAIBHOTO 0araTOBUMIPHOTO, OaraTokaHaJbHOTO (PUIBTpa OTpUMalia Ha3BY
3amayi komriekcyBaHHs [1, 3]. B po6ori [1] HaBeneHuit anropuTM pillleHHs W€l 3aaa4l Ipu
YMOBI, IO i KOPUCHUI CHTHAJ 1 MEpemKoia € 0araTOBUMIpHUHN CTalliOHAPHUIA BHITaIKOBHMA
nopolec 3 HyJIbOBUM MaTeMaTHYHUM chofiBaHHsAM. Ilpm 1pboMy foBeieHa BHCOKa
e(EeKTHBHICTh 3alpOIIOHOBAHOTO ONTHMAaJbHOTO (imbTpa. B nmaHiii cTarTi mpomoHyeThes
JOCTIIUTH MOJKJIMBICTh 3aCTOCYBAaHHS KOMIUIEKCYBaHHS B YMOBaX, KOJM KOpUCHA
iH(pOpMaIlist € BEKTOp PETYJSPHUX CHTHAIIB, a MEPENIKoa BUMIPIOBAaHHS — 0araToBUMIipHHAN
[EHTPOBAHUI CcTalllOHAPHUN BUTIAAKOBHII Mpo1iec.

IlocranoBka 3aBaanHs. B tepminax pobotu [1] chopmymnroeMo 3amady CHHTE3Y
KOMIIJIEKCOBAHOI CUCTEMH BUAUICHHSI KOPUCHOTO PETYJISIPHOTO CUTHAIY.

Hexaii HeoOximHO OaraTOBUMipHHM CTalliOHapHUM QUIBTPOM HalKpamie o0poOHuTH
BXiIHY iH(OpMAIlil0 PO OAMH 1 TOW kK€ PeryJasipHUN cUTHAN 1(t), IKy OTPUMYIOTh KUTbKOMA
“HelfiealbHUMU BUMIpIOBA4aMH, a pe3yJIbTaT MepelaTi Ha CUCTEMY OL[IHIOBAHHS.

Buxkiaa ocHoBHOro marepiaiy. bynemo BBaxaTu 3a1aH010 OaraTokaHaibHy CUCTEMY
BUMiproBaHHs (puc. 1), sKa migKiIroueHa Ha BXijJ 0araTOBUMIpHOI CHCTEMH Tiepenadi JaHuX,
TUHAMIKa K01 OMUCYETHCS CUCTEMOIO JIIHIHHUX TUEPEeHIIMHUX PIBHSIHDb BUTIISAY:

Px=Mu+y, (1)

JIe X — N-BUMIpHHAN BEKTOP BHUXiTHUX KOOPIMHAT;

U — M-BUMIPHHUHA BEKTOp YIPABISAIOYUX KOOPHHAT;

¥ — N-BUMIPHUM BEKTOp 30ypeHb 3 HYJIbOBUMHM MaTEMATUYHUMH CIIOAIBAaHHAMU 1
BIZIOMOIO JIp0O0BO-palliOHaIbHO MAaTPHLIEIO CIIEKTPAIbHUX IIUIBHOCTEH Syy;

P ta M — noniHOMiaJIbHI MaTpPHIIi BiAMOBITHOT po3MipHOCTI (det(P) - cTifikuii).

Ha BXig BHMIpIOBaNIbHOI CHUCTEMM HAaJAXOJUTh N-BUMIPHUH BEKTOpP BHMMIPIOBAaHUX
CUTHAIIB 7(?), KOMIIOHEHTaMH SIKOTO € JeTepMiHOoBaHi (yHKuii. BexTop 7(?) HagxomuTh 1O
OCHOBHOI T'pyIH ,,HelfealbHUX BUMIPIOBa4yiB (OCHOBHUIN KaHAJI BUMIPIOBAHHS Ma€ MaTPHIIIO
nepeaatouHux GyHkuii K po3amipHOCTI n x n). Bektop ¢(?) — n-BUMipHUI BEKTOp MEPEIIKO,
SK1 CYIPOBOJIKYIOTh BUMIPIOBAaHHSI, 1110 SIBJISIE COOOI0 BUITAJIKOBHI CTaIllOHAPHHK TIpoIec i3
HYJbOBUM MAaTE€MaTHUYHUM CIOAIBaHHAM 1 BIJOMOIO JpOOOBO-PALIOHATIBHOIO MAaTPHIECIO
CIIEKTpalbHUX MLIUIbHOCTEH Sy, [lapanenbHo BEKTOp 7(1) BUMIPIOETBCS ¢ NOAATKOBUMU
KaHaJaMH, KOXXKHUHM 3 SKUX Ma€ BIIOMY MAaTpHI0 HepenaToyHux (yHKUid K; po3MipHOCTI
V;Xn 1 v;-BUMIPHHiI BEKTOp MEPEIIKO] BUMIPIOBAHb ;(?), IKHil SBISE COOOI0 BEKTOPHHIL

CTaI[lOHapHUIM BUMAAKOBHI MpOIEC 13 HYJIHOBUM MAaTEMaTHUYHUM CIIOAIBaHHSIM 1 BiJOMOIO

JIPpOOOBO-PALIOHATEHOK MATPHIEIO CIIEKTPATGHHMX LIIBHOCTEH S v, - HeXail Hymeparis
1

KaHaJIiB yIOPSIKOBaHA 1 JOTPUMYETHCSI yMOBU

q
>V, > >V 2> > = .
N2V 2y 2.2V 2V, 21, v Zvl. ()
1=
3a anasnoriero 3 [1], Oysau BBeIeH] MO3HAYCHHS:
CUTHAJIA Ha BXO/Ii i-T0 BUMIPIOBAJILHOT'O KaHAITY

e Li = [Ki’ OV[X(}’I—V,-)J 2
Ol’le — HYJIbOBa MaTpuld pOSMipHOCTi nxm,

MaTpHIs epeJaTouHuX (QyHKIIIH BUMipIOBayiB
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K,=[K'L'], L =[L1 Ly s Ly } : 4)
BEKTOp IIyMiB BUMIipPIOBaiB
Po =[(p P 5 0g } ; )
MaTpHIl IepeaaTouHuX PYHKIINA KaHaTiB QiIbTpa
Go =16.Gy....Gy me<n+v); (6)

MaTpuIls 0a)kKaHUX NEPEeTBOPEHb CUTHANY 7(1)
@, = chK_l,OWI vesO, J (7)

B sKiii MaTpuuHa mnepenatouyHa (yHKIisS @ BHU3HA4Ya€ 3B’SI30K MK BEKTOPOM Ha BXOII
OCHOBHOT'O BUMIpIOBaYa 1 CHTHAJIOM Ha BUXO/I1 171€aTbHOI CHCTEMH.

Pucynok 1 — CTpykTypHa cxema CUCTeMH BUMipIOBaHb

Iicepeno: pospobneno asmopamu

Buxonsuu 3 1poro, ympaBistoudid u(?), BUXITHMA X(1) Ta OaxaHuid i(f) cCUTHAIH
CUCTEMH BU3HAYAIOTHCS PIBHIHHIMH

u:Go(po +(P0)a (8)
x=P MG, (py + o)+ PNy, ©)
i=Dyp,p, (10)

B AKUX p, = K,r, a IOMUIIKA B CUCTEMI, Ka ABJA€ COOOI0 BIAXMIICHHS PEaJbHOIO CUTHATY

X(t) Bing Ga)xaHOTO, Ma€ JIBi CKJIAJIOBI — PETYJISIPHY € Ta BUMAJAKOBY { a came Taki, 1o
g=(—q>0+P‘1MG0)pO, (11)
¢ =P \MG,p, + Py (12)
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Togmi, iHTerpaJbHUM MOKa3HUKOM SIKOCTI POOOTH CUCTEMH € CyMa IIEBHUM YMHOM
3BKEHHX HTETPATBbHOT KBAIPATUYHOI TOMUJIKH OILIHIOBAHHS peryssipHoro curHamy (11)
Ta AMCIepcii BUMAAKOBOI CKJIa10BOT MOMUIKH (12)

Joo ,
[ =L Itr{,488*+27z%2AS§¢ s, (13)

0 5
2 _ oo

ne tr{ } - 3HaK 3HAXOJDHKCHHS CIIIy MaTpHIIi;

"«" — 3HaKk EpMiTOBOTO CIIpsiKEeHHS,

A — BaroBa MaTpHIls, €JIEMEHTH $KOI Y3TO/KYyIOTh Bary OKpPEMHX KOOpAHWHAT B
3aralbHOMY KpUTepii sIKOCTI,

A — KoedimieHT, Skl BU3HAYae OOMEXEHHS Ha UCIIEPCII0 BUMAIKOBOI CKJIATOBOI
MOMMUJIKH;

S¢r— MaTpHULs CIEKTPAIbHUX MIUTBHOCTEH BeKTOpa

""" — 3HaK TPaHCIIOHYBaHHA.

BpaxoByroun npuitHATI MPUIYIIEHHS, 3a/1a4ya CHHTE3Y ONTUMAIBHOI 0araTOBUMIipHOT,
OaraTokaHaJIbHOT CHCTEMH KOMILIEKCOBAHOTO OI[IHIOBAHHS DETYJSPHUX CHTHANIB Ha (HOHI
0araToBUMIPHUX CTAIlIOHAPHUX TIEPEIIKOJI MOJIATAE B TOMY, 100 32 BIIOMUMU MAaTPUIIMU M,
P, K, ta @, sKi XapakTepu3yloThb [WHAMIKy 3a/JlaHOl YaCTMHHU CHCTEMH, CIIEKTPOM

HOTYKHOCTI PETYJISIPHOTO CUrHany L)Lg+ 1 MATPUISIMU CIIEKTPATIBHUX MIIBHOCTEH 30ypeHb
!/ !

S'//',V Ta UIyMiB BUMIpIOBayiB S(p P > 3HANTH TakKy CTIHKYy Ta (GI3UYHO peaizyeMy
00

MaTpHUIIO NepetaToyHuX (pyHKIiH ontumansHoro ¢insrpa G,, 106 GyHKIIOHAN AKOCTI (13)
JI0CATaB MIHIMyMY.

[MpunycTuMo, M0 CUTHAIM (9 Ta \y HEKOPEIbOBaHi, B TAKOMY pasi JJsl po3B’s3aHHS
MIOCTaBJICHOI 3a/ladi PO3IJITHEMO OKPEMO JIOJIAHKH MiIHTETrpajJbHOr0 BUpaA3y (YHKILIOHATY
(13)

Ase. = A|[- @y + P MG, )py py(~ Py + GouM.P )| = 4Dy py pon @y —

— APy, PyGyM P — AP MG, py @y + AP MG, py G oM P (9
27 AS], =270’ AP MG,S,, , G.M P + 271’ AP™'S,, P (15)
B pesynbrari mincranoBku Bupasis (14), (15) y dynkmionan sikocti (13) maemo
Joo
I, = % ! i (4D, p,pou®yy — AD oy GoeM P —
—~ AP MG, p,pp @y + AP MG, p, py.Gp.M P + (16)

+ 278 AP MG, S, G M.P + 222 AP™'S!, P Jds.

wy ¥

Minimizamis  ¢ynkuionany (16) BukoHyBanack MetoaoM Binepa-Konmoroposa.
3rigHO 3 MPOIIeIyPOr0 METOAY 3HalIeHa mepia Bapiaris ¢pyHkiionany (16)

Jo
8, = ZL [1r{6G, [- M.P7 40, p, py. + M.PT AP MG, oy +

—jo
2R ML AP MG, S, [+ [ popo®p AP M + (17)
+ Py GoM P AP M +272°S), . G, M P AP™ M [5G, Jds,
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ne oG, — aHaJliTUYHA JIMIIE B MpPaBli MIBIJIOUIMHI KOMIUIEKCHOI 3MIHHOI § Bapiaris

bynxkii Go.
BBenemo no3HauyeHH:

I.[=M.P"'AP™'M; (18)
DD, = pypy. +272°S,, , | (19)
N=N,+N,+N_=I."M.P"'AD,p,p,.D."", (20)

ne I'1 D — matpuni, onepaHi B pe3ysbTari (akTopH3alii BiJNOBITHHX BHpa3iB,
aHaniTuyHi nuuie B npasii miBmionuHi (ITII1) kommiekcHOT 3MiHHOT S

I'+1 D+ — MaTpwili, aHaTiTH4YH1 Jiniie B JiBii miBwtomuHi (JITIIT);

No — MaTpuIls, ofiep)KaHa B pe3yJibTaTi cenapaiiii [4] Bupa3zy (20), Bci eneMeHTH SIKOT -
TIOJIIHOMH apTyMEHTY s

N; — MatpuIsi, BCi €JIeMEHTH SKOi - MpaBWIIBHI IpoOW apryMeHTy s, IO MAaloTh
noroca Tineku B JITIIT;

N. - MaTpuIIs, BCl €JIEMEHTH SKO1 - PaBUIIbHI APOOH apTyMEHTY S, [0 MAIOTh MOJIOCH
tineku B TTTIL.

3 ypaxyBaHHsM BupasiB (18-20) Bapiauis (17) HaOyna BUrsgy:

1
ol,=— |troG,.I.|IG,D—-(N,+N, +N N
0 2@ _'J[Or{ 0 [ 0 ( 0 + + + —)]D + (21)

+D[D.G,.T. — (N, + N, + N_), |G, }ds.

B pesynbrari ymoBa, mpu sikiid Bapiamis (21) TOTOXXHO piBHA HYIIO, BU3HAYA€ETHCS
HACTYTHUM YHHOM:

G,=I'"'(N,+N,)D". (22)

BucHoBku. Takum 4uHOM, OJEpKaHO HOBHM AJITOPUTM CHHTE3y KOMIUIEKTOBAHOT
ONTUMAJILHOI CHCTEMH BUAUICHHS pEryJsIpHOTO curHamy Ha ¢oHi 0OararoBUMipHOi
CTaIliOHApHOI BHIAAKOBOI MEPEIIKOIM, SKUI MO03BOJSE 3HAUTH CTPYKTYpy 1 HapaMeTpu
0araTOBUMIpPHOTO ONTUMAIBHOTO (IIbTpa 3 ypaxyBaHHIM JIUHAMIKH CHUCTEMM IMepenayi
iH(opmarrii.
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Method of Synthesis of an Optimal Multidimensional Filter for Extracting a Regular

Signal Against a Background of Random Noise

In terms of [1] we formulate the problem of synthesis of a complex system of allocation of a useful
regular signal. Suppose that a multidimensional stationary filter best processes the input information about the
same regular signal r(t), which is obtained by several "non-ideal" meters, and the result is transmitted to the
evaluation system.

In this article, a multi-channel measurement system, which is connected to the input of a
multidimensional data transmission system, the dynamics of which is described by a system of linear differential
equations. The input of the measuring system receives an n-dimensional vector of measured signals r (t), the
components of which are deterministic functions. The vector r (t) belongs to the main group of "non-ideal"
meters. Measurements are accompanied by interference, which is a random stationary process with zero
mathematical expectation and a known fractional-rational matrix of spectral densities. An integral indicator of
the quality of the system is the sum of the weighted integral quadratic error of the regular signal estimation and
the variance of the random component of the error.

Thus, a new algorithm for the synthesis of a complete optimal regular signal extraction system against
the background of a multidimensional stationary random interference is obtained, which allows to find the
structure and parameters of a multidimensional optimal filter taking into account the dynamics of the information
transmission system.
measurement, filtering, signal, noise, random process, synthesis method
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