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IMPUMEHEHME HEMPOCETEBBIX
TEXHOJIOTUM JJ11 OPTAHU3ALIN
KOCBEHHBIX U3BMEPEHUI
B CUCTEME YIIPABJIEHUA ITPOLTECCOM
OBE3BOXKNBAHUA XKEJIE3OPYIHOI'O
KOHIIEHTPATA'

PaccmoTpeHa npobaema co3gaHusa CUCTEMbl aBTOMATUYECKOTO YNPaBAeHUA TEXHONOTnYe-
CKMM NnpoLeccom 06e3BOXKMBAHNA Kee30pyAHOro KoHLEeHTpaTa. MpoBeaeHHoOe uccnesoBa-
HWe B3aMMHOW KOPPenaumnm TeXHONOMMYECKMX NapameTpoB AMCKOBOIO Bakyym-puabTpa no-
Ka3a/10 BO3MOXHOCTb OpraHM3aL/Mm KOCBEHHOTO M3MepPeHUA BAAXKHOCTU M MaccChbl ocaaka. Ana
BblfIBIEHMA HEObOXOAUMBIX 3aBUCMMOCTEN OblinM NPOBEAEHbI SKCMNEPUMEHTbI Ha PeasibHOM
06bEKTE, LENbo KOTOPbIX ABAAACA cBbOop AaHHbIX O paboTe arperaTa Npu PasnnYHbIX BHEL-
HUX ycnosuax. CobpaHHaa MHGOpPMaLMA 0 KonebaHUAX BAAKHOCTU M MaCCbl KOHLEHTPATa,
AaBNeHWA B BaKyyMHOM cucteme GUAbTPA M aMNANTYAbl BUBpaLMM B ABYX TOUKAX HA NOBEPX-
HOCTU pecuBepa NpU PasIMYHbIX CKOPOCTAX BPALLEHWUA ANCKOB M NJOTHOCTM NYAbMbl UCNOJb-
30Banacb Ans obyyeHMA HEMPOHHOM ceTu. B pe3yabTaTe ONTMMM3aLUMKM CTPYKTYPbI ceTh bbina
nosly4yeHa HelpoceTeBasa MOLE/b, AAtOLLAas HA KOHTPOIbHOW BbIBOPKE NpUEMIEMYHO TOYHOCTb
OLEHKM BNAXKHOCTM M MAcCbl 0CaZKa, YTO NO3BOIAET UCMO/Ib30BATb €€ A/1A CO34aHNA CUCTEMDI
KOCBEHHOIO M3MepeHUA AaHHbIX NOoKasaTenen.

KntoueBble C/10Ba: *KeNe30pyaHbIN KOHLEHTPAT, 006e3BOXKMBAHWUE, AMUCKOBbIN BaKyyM-dUALTP,
CMCTeMa aBTOMATUYECKOrO yNpaBAeHUA, BNaXHOCTb OCaZKa, KOCBEHHOE U3MepPEHUNE, UCKYC-
CTBEHHaA HEMPOHHaA CceTb, HeMpoceTeBas MOAENb.
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Ha metannypruyecknx npeanpusatTusax LleAbto pAaHHOM pa60Tb| ABAAETCA NO-

Ha cTapnK 06e3BOXMBAHUA XEAE30PYAHO-
O KOHLIEHTPATa LLIMPOKO MCMOAL3YHOTCA AWUC-
KOBbI€ BaKyyM-OUALTPbI. [TPOAYKTUBHOCTb
3TOM CTAAMM 3aUaCTYHO onpeAendeT 0bLLyo
3P PEKTUBHOCTb OTAEAbHO B3ATOMO rOPHO-
oboraTuTenbHOro KoMbuHaTta, Toraa Kak Ka-
4ecTBO PUALTPOBAHMA HEMOCPEACTBEHHO
BAMAET Ha LLEHHOCTb M COPT KOHEYHOTO MPo-
AYKTa BMECTE CO CTOMMOCTBIO €r0 AAAbHEMN-
wen nepepabdotkum [1].

BbILLEHWE MPOU3BOAUTEABHOCTU AUCKOBOIO
BaKyyM-GUALTPA, MPU YCAOBUM, UTO BAGXK-
HOCTb BbIXOAHOIO MPOAYKTa npoLecca 06es-
BOXMBaHWA OyAaeT MOAAEPXMBATLCA Ha
3aAaHHOM YPOBHE. AKTYaAbHOCTb AGHHOM
TeMbl MOATBEPXAAETCA LUMPOKUM MpUMeE-
HEHWEM AMCKOBbIX BaKyyM-GUALTPOB Ha
FOPHO-METAAAYPTUUECKUX  MPEANPUATURAX,
BbICOKOI 3HEPTrOEMKOCTbIO NpoLiecca obe-
3BOXMBAHUA, a TaKXe WCMNOAb30BaHWUEM
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PYy4YHOro ynpaBAEHWUSI AUCKOBbLIMW BakyyM-
dUABTPaAMMN.

KoAnMuecTBO BAarM B OCapke onpeape-
ASIETCA B HacTosillee BPEMS C NOMOLLbIO
AabopaTopHOro aHaAu3a, UTo He AQ€eT BO3-
MOXHOCTM OCYLLECTBAATL YyNpaBAEHUE
npoueccomMm 06e3BOXUBAHUSI B peaAbHOM
BpeMeHu. [1oaTomy, peryaAmpyst BAQXXHOCTb
ocapka, onepatop 3aHWXaeT yacToTy Bpa-
LLIEHMA AMCKOB, 4YTOObI 06ecneunTb Heob-
XOAMMBbINM 3anac no BAaxHoCTWU. OpraHusa-
LUMA NOCTOSAHHOMO M3MEPEHNS BAAXHOCTH
XEeANe30pyAHOro KOHLEHTpaTa U pa3pabor-
Ka CUCTEMbl aBTOMATUUYECKOrO ynpaBAEHUS
npoueccoMm ero 06e3BOXMBAHUA MO3BO-
AUT, TaKUM 0b6pasom, cTabuansnMpoBaTb
BAQXHOCTb OCaAKa Ha HE0HXOAMMOM YPOB-
He, NOBbICUTb CPEAHEE 3HaYeHWe YacToThbl
BpalLLUEHUS AUCKOB BaKyyM-OGUALTPa U yBe-
AMYKUTb €ro MPOU3BOAUTEABHOCTb [2].

Cuctema aBTOMAaTMYECKOro ynpasAe-
HUS NpoueccoM 06e3BOXMBAHWUSI COTAACHO
[3—8] moxeT coaepxaTb CAEAYHOLLME KOH-
TYPbl PEFYAUPOBAHUA: BAAXHOCTU OCaAKa,
YAEAbHOW MPOU3BOAUTEABHOCTH, MAOTHOCTH
NyAbMbl MUTaHWUS, YPOBHA NyAbbl B pe3ep-
Byape AASl ee XpaHeHUs, pacxopa napa,
YPOBHS NyAbMbl B BaHHE BaKyyM-GUALTPA.

AAst paboTbl NOAYYEHHOW CUCTEMbI Y-
paBAEHUS HEOOXOAMMbBI AATYUKKU BAAX-
HOCTM KOHEYHOro MPOAYKTa W TOALLMHBI
0CaAKa Ha AMCKax BakyyM-duUAbTpa. B 60Ab-
LLIMHCTBE CAYyYa€eB yCTaHOBKA HEOOXOAMMbIX
AATUYNKOB ABASIETCS TEXHOAOTMUYECKU N IKO-
HOMWYECKU Helenecoobpa3HoM. B Takux
YCAOBUSIX MOXET ObITb MPEAAOXEHA opra-
HU3aLMA KOCBEHHOIO M3MEPEHUSA HEObXO-
AMMbIX NokasaTteAei npouecca 06e3BOXU-
BaHWS1 HA OCHOBE MCCAEAOBAHMWSA B3aMMHOM
KOpPEASILMU TEXHOAOTUYECKUX NapamMeT-
pPOB AMCKOBOTIO Bakyym-duAbTpa [9].

BbIAO BbIABAEHO, UTO NMPU NOCTOSIHHbIX
yacTtoTe BpalleHUA AMCKOB, MAOTHOCTHU
NyAbMbl MUTAHUA U BEAUUMHE Pa3PSXEHUS
B 30Hax Habopa 1 CyLLUKK OCapka Koneba-
HMUA BAAXHOCTWU WM TOALLMHbI Bbl3BaHbl KO-
AebaHUsAMM FPaHYAOMETPUUECKOTO COoCTa-
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Ba Keka, OT KOTOPOro 3aBUCHUT BEAUYMHA
YAEABHOTO COMPOTUBAEHUA ocaaka. loc-
AEAHAA MOXET ObiTb ONpeAeAeHa No Ko-
AebaHMAM AABAEHWUSI B BaKyyM CUCTEME
dUABTPA U aMNAUTYAE BUOpaUUK pecuBe-
pa. CAep0BaTEABHO, BEAUUYMHA YAEABHOTO
COMPOTUBAEHMS OCAAKa MOXET SAIBASATbCA
KOCBEHHbIM NMokasaTteneM BAAXXHOCTU OCaA-
Ka W ero TOALWMHbI [9].

AAA MPOBEPKU AQHHOW rMNoTe3bl Obina
nocTpoeHa cucteMa cbopa AaHHbIX TEXHO-
AOTMYECKUX XapaKTEPUCTUK BaKyyM-OUALT-
pa. B coctaB pAaHHON CUCTEMbl BOLLUAW:
ObICTPOAENCTBYIOLLMIA AQTUMK PA3PEXEHUS,
yCTaHaBAMBAEMbI Ha pacnpeAeAUTEAbHOM
roAOBKe OUALTPA, AATUMKK BUBpaUmu, ycTa-
HaBAMBaeMble Ha pecusepe, AL 1 SBM.

B xoae 3KcnepMMEHTOB Ha peaAbHOM
06bekTe M3MEPSAAUCb U GUKCUPOBAAUCH
CAEAYHOLLME TEXHOAOTMUYECKUE MapaMeTpbl:
yacToTa BpallleH1s AUCKOB, Macca, TOALLIW-
Ha, BAAXHOCTb U rpaHyAOMETPUUYECKHUI CO-
CTaB 0CaAKa, MAOTHOCTb MyAbIbl, pa3psxe-
HWe B BakyyM-cucteMe oUAbTpa, BUbpaLums
B ABYX TOUKax pecuBepa, Bpemsi.

B x0A€e A@HHbIX 3KCNEPUMEHTOB ObIAO
BbISIBAEHO, YTO TOALLIMHA OCaAKa Ha AMCKeE
CYLLECTBEHHO OTAMYAETCA Ha Pa3AUUHbIX
AMCKax GUALTPA M CEKTOPaX AMCKa, MO3TOMY
LeAecoobpasHo opraHM3oBaTb KOCBEHHOE
M3MepEHNEe MacChl OCaaka, a He ero ToA-
LLMHbI. AHAAM3 PE3YALTATOB IKCMEPUMEHTA
nokasan, Yto Npu yBeAudeHun raybuHbl Ba-
KyyMa Macca Keka Ha CEKTOpe BO3pacTaer,
a ero BAAXHOCTb CHUXaeTCA. AaHHble 3aBU-
CMMOCTH MOATBEPXAAHOT NMPEAMOAOXEHNE O
TOM, UTO BEAMUMHA YAEABHOTO COMPOTMUBAE-
HUSA 0CaAKa MOXET ABAATbCA KOCBEHHbIM
nokasaTeneM BAAXHOCTM U MacChbl OCaAKa.

AASl BbIIBAEHWUSI CKPbITbIX 3aBUCHUMO-
CTEN TEXHOAOTMYECKMX MapamMeTpoB Ba-
KYyM-QUALTPA W MNOCTPOEHUSI EFO0 MOAEAM,
oTpaxatollen 3aBUCUMOCTb BAAXHOCTU U
MaccCbl Keka 0T U3MepseMbIX NapamMeTpoB,
npeaAaraeTca MCNoAb30BaThb annapar Hel-
POHHbIX ceTel, 06AapatoLLNX CBOMCTBOM
BbIABAEHWA TaKMx 3aBUcUMocTen [10—13].



Puc. 1. HeﬁpOHHaﬂ CEeTb, pearn3yroLlasd KOCBEHHYH OLEeHKY BAGXHOCTU U MacCChbl Keka

B pamkax HacToALLlero nccaepoBaHmsa
AN CO3AAHUS HEMPOCETEBOW MOAEAU UC-
NoAb30oBaAaCb MHOTOCAOMHAA HEMPOHHas
ceTb. B pesyabrate npoBeAeHHON ONTUMMU-
3alUMK ee CTPYKTYpbl BbIAM ONpPeAeAeHOo
YMCAO HEMPOHOB B CKPbITOM CAOE U OYHK-
uMs akTuBaumuKn. HelpoHHas ceTb (puc. 1)
nmeeT 4 BxoAa (YactoTa BpalleHUss AMCKOB,
BeAMUYMHA AABAEHWUA Pa3psxXeHUs, aMMAn-

TyAbl BUOpALIMK B ABYX TOUKaX pecuBepa),
2 BbIX0Aa (BA@XHOCTb M Macca 0OCaAka) U
15 HEMPOHOB B CKPbITOM CAOE. B CKpbITOM
CAOE WMCMOAb3YETCA GYHKLMS aKTUBaLMK
TMNa «runepboAMUYECKMIA TAHTEHC», @ B Bbl-
XOAHOM — AMHEHNHas.

AN NPOBEPKU apeKBATHOCTU paboTbl
HENPOHHOWM CETU Ha ee BXOAbl BbiAa MoAa-
Ha TecToBasi Bbibopka (puc. 2), coctosLlan
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Puc. 2. TectoBasi BbIbOpKa ANST HEMPOHHOM CETU, PEaAU3yHoLLIEH KOCBEHHYH) OLIEHKY BAGXHOCTM M MacChl Keka
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Puc. 3. PeayabTaTbl TECTUPOBAHUS HEHPOHHOM CETH, PEaAU3YIOLLENA KOCBEHHYIO OLEHKY BAGXHOCTH

M MaccChbl Keka

13 10 Touek, He BXOAUBLLIMX B 0ByvatoLLLytOo
BbIOOPKY. B pe3yabtate TeCTMpoBaHUA Hel-
POHHOMN ceTU BbIAM MOAYUYEHbI FPaPUKK
BAQXHOCTU (BEPXHWUI) M MacChbl (HUKHUR),
npeAcTaBAEHHble Ha puc. 3. CNAOLWHbIMU
AMHUAMU NPEACTaBAEHbI OXMAAEMbIE Bbl-
XOAbl HEMPOHHOM CETH, LUTPUXOBLIMU — pe-
aAbHblE AAHHbIE.

BAM30CTb MOAYUYEHHbIX PE3YALTATOB M03-
BOAAIET CAeAaTb BbIBOA O TOM, YTO pas-

CIINCOK JINTEPATYPbI

paboTaHHaa HeWpoHHasa ceTb paboTaer
AAEKBATHO M MOXET OblTb MCMOAb30BaHA
B CUCTEME ynpaBAEHUS NPOLECCOM 06e3-
BOXMBaHMA.

B panbHellweM Ha OCHOBE BbIYUCAU-
TEABHOIO 3KCMEPUMEHTA NpeAnoAaraeTca
NPOBECTU OLEHKY addeKTa OT BHEAPEHUS
CUCTEMbI YNpPaBAEHWUST Ha OCHOBE OMMCaH-
HOro MeToAa KOCBEHHOTO M3MEPEHUA Mac-
Cbl M BAQXXHOCTM OCaAKa.
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S.Yu. Khalapyan, A.O. Anpilov

APPLICATION OF NEURAL NETWORK TECHNOLOGIES
TO INDIRECT MEASUREMENTS IN THE IRON ORE CONCENTRATE
DEWATERING CONTROL

The work deals with the problem of creation of system of automatic control of technological
process of dehydration of iron ore concentrate. Currently, the management of disk vacuum filters
is carried out manually by the operator and based on the results of periodic laboratory analysis of
moisture content of the product. In this case to guarantee its compliance with the applicable process
requirements, the operator is forced to maintain the reduced rotation speed of the disc of filter
and/or reduced density of the original pulp. The result is reduced performance vacuum filter. This
at constant cost to maintain a given level of vacuum in the system leads to increased unit costs and
the cost of the product.

The main obstacle to the creation of the automatic control system is the need for moisture meas-
urement of iron ore concentrate in the stream and determining the average thickness of sediment
on the disks. However, the installation of appropriate sensors in most cases is technologically and
economically impractical. The study cross-correlation of technological parameters of disk vacuum fil-
ter showed the possibility of organizing an indirect measurement of moisture and mass of sludge. To
identify the necessary dependencies, experiments were conducted on the real object, the purpose
of which was to collect data on the work of the unit under different external conditions.
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The gathered information on the fluctuations of humidity and the weight of the concentrate,
pressure in the vacuum system of the filter and the amplitude of the vibration at two points on
the surface of the receiver at various speeds of rotation of the discs and pulp density was used for
training the neural network. As a result of optimization of network structure were obtained neural
network model, which allows for on control sample a reasonably accurate assessment of moisture
content and weight of sludge, which allows its use for creation of system of indirect measurement
of these indicators.

Key words: iron ore concentrate, dehydration, disk vacuum filter, system of automatic control,
moisture of sludge, indirect measurement, artificial neural network, neural network model.
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