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WCCNEAOBAHUE BO3MOXHOCTMU YNPABINEHUA YCPEOHEHUEM
PyaAbl METOOAMU KITACCUYECKOU TEOPUU YTNPABJIIEHUA

H.B. bunbgpenso, [.B. lesic, A.K. LlIHabckasi

lNepmckuti HauuoHarnbHbIU UuccriedosamernbCKUl MoaumexHU4YecKul yHuUgepcumem,
EepesHukosckuti punuan, . bepesHuku, Poccusi

IToxa3aHa Ba)KHOCTh NPOOJIEMB] YCPETHEHUS PY/Ibl HA KaTMWHBIX MPEIIPUATHAX U IOUCKA OIl-
THMAJILHOT'O KOMILICKCA MEp 10 yCTpaHeHHIo mpobiieMbl. O003HaueHa mpobdiemMa 00JIBIIOTo pa3dopo-
Ca HEpacTBOPUMBIX OCTATKOB Ha KAJIMHHBIX NpeanpusaTuax Bepxnekamps. Ha Texyiuii MOMEHT OHa
pemaercst OyHKEpPHBIM YCpeJHEHHEM, HO 3TO paboraeT He Bcerga agpdekTuBHO. bplio mpeioxkeHo
UCTIONIB30BATh PaHee OMMCAHHBIH METOJ OCMBICIICHHONW PACCHIIKH IO CKJIaTy W MPUIEIbHONH BEIOOD-
KH B 3aBHCHMOCTH OT cocTaBa. bblla mocTpoeHa MaTeMaTH4ecKass MOJENb 3arpy3KH U pasrpy3Ku
CKJIaJa, MPEAT0KEHbI aITOPUTMBI M pacdeT KOOPIUHAT TOUKH cOpoca M BHIEMKH PYJbI B 3aBHCHMO-
CTH OT COJEPKaHMs B Py/ie HEPACTBOPUMOTO OCTATKA M XJIOPHCTOTO Kalusl. DTOT CIIOCOO MO3BOIET
UCKJIIOYNTh BO3MOXKHOCTh Opaka M OCYIIECTBISIET YCPEAHCHHE CHIPhSl ONTHMAIbHBIM 0O0pa3oM.
ITo moka3arensM B UMHTalMOHHOM MOJEH IPHLEIbHAS BIOOPKA HA CKIaJe yMEHBIIAET MPOLEHT-
HBII pa30poc HEpacTBOPUMBIX OCTaTKOB B pyle. BblIo pemieHo nccienoBaTh Npouecc BHIOOPKH Ha
cxiazae i uaeHtuukanuy. Leys uccaeqoBanus 3aKiI04aeTcsi B POBEPKE BO3ZMOXKHOCTH YIIpaB-
JICHUs] BBHIOOPKOW KaK OOBIYHBIM TEXHOJOIMYECKUM OOBEKTOM C TOMOILIBIO IPONOPLUOHAILHO-
uHTerpajbHo-AupGepeHuupyonero peryisropa. s atoro Obula NpoBeleHa HIACHTH(UKAIMS
o0beKTa ynpaBiieHHsl, @ IMEHHO: Ha BXOJl CHCTEMbI ObUI MOJaH €AMHUYHBIH CKa4yOK BO3JCHCTBUSL.
Matepuanbl M MeToAbl. CTaHIApPTHOE BO3JCHCTBHE OBIJIO CMOJECTHUPOBAHO HA paHee pa3paboTaH-
HOW MMHTAIMOHHOM MOJENM CKJIaJa, TAE 33Jal0TCs TeOMETPUYECKHe MapaMeTpsl cKiaja, (pusmde-
CKHeE MapaMeTphl SJIEMEHTOB PYybl, a TAaKXKe MapaMeTpsl ABIKEHHA coIlla U ckpernepa. C ee moMo-
IIBIO MTPOBOIMTCS 3KCIIEPUMEHT TI0 BBIOOPKE XJIOPHCTOTO Kanus u3 pyabl. PUKCHpYIOTCs pe3ybTa-
TBI BBIOOPKH PY/IbI IO HAYAJIBHBIM YCTAHOBKAM, a 3aTE€M II0CJIE IITHIIPOLIEHTHOTO CKayka. Pe3ynbra-
THI MOZEIHMPOBAHNUS TIPECTABIIIOTCS B BHJE HOPMHUPOBAHHOTO rpadiKa IJIsi CPaBHEHUS Pe3yiIbTa-
TOB U OIpeJeNeHHs MoBeAeHUs cucTeMbl. Pe3yabTaT. [lomydeHHBINH MacCHB 3HAUCHHUH OBIT IIEpeHe-
CeH B paHee pa3pabOTaHHBIH KaNbKyIATOp MHepenaTodHbIX (yHKuui. [lo HaWAEHHBIM 3HAYEHUSIM
OBbUI MOCTPOEH CIIIaKEHHBIH HOPMHPOBAHHBINA I'padHK, KOTOPBI U HYXKHO ObUIO MIECHTU(HUIUPO-
Bath. B pe3ynbpTare npoaesaHHON paboThl ObLIa MOJyYeHA MepeaaTouHast QyHKIUS aneproanIecKo-
ro 3BEHa NEePBOro MOpsijiKa C 3amas/piBanueM. 3akiawodenue. [Ipu ananuse rpadukoB ObuI clienaH
BBIBOJI O JIONYCTUMOCTH IOJydeHHON (QyHKImHU. [To moiydyeHHbIM MaccMBaM 3Ha4eHHH Obuia pac-
CYMTaHa MOTPENIHOCTh, KoTopas cocTasisieT 6,5 %. [lepenarounas GpyHkuns Obuta HAEHTHOUIAPO-
BaHa, CJIEZIOBATEIILHO, BHIOOPKON Ha CKJaJe€ MOXKHO YNPABIATH C TOMOIIBIO HPONOPHHOHAILHO-
UHTETpaTbHO-AN(HEPESHINPYIOLIET0 PETyIIsITOpa.

Knouesvie cnosa: kanuiinas pyoa, ycpeoneuue pyovl, 2UOPOOUHAMUKA C2AANCEHHBIX UACMUY,
Mooenupoganue, CKiad, BblOOPKA, NepedamoyHas QYHKYUs, HPONOPYUOHATLHO-UHMESPANbHO-

oughgepenyupyrowuii pe2yisimop.

Beenenne

KanuitHast npoMBIIITIEHHOCTD ABJIAETCS BaXKHEMIIEH OTPaCibiO MPOMBIIIJIEHHOCTH B CHIIY IIUPOKO-
ro CIEKTpa MPUMEHEHHUS B HAPOJHOM XO3SMUCTBE U Jlaxe B MeauiidHe. [loutn Bcs poccuiickas KanuiiHas
MPOMBINIJICHHOCTh cOocpezioToueHa B BepxHekambe — a 310 cBbiiie 30 % wmupossix 3amacoB KCI [1].
C 2018 roga npounsBozacTso xnopucroro kanus Hagano OO0 «EBpoxuM — Y CoNbCKHHA KaTHHHBI KOM-
ounar» B [lepmckom kpae [2]. OnHO#M U3 IaBHBIX MPOOJIEM TAHHOTO MPEANPUSTHS, HETATHBHO CKa3bl-
BaIONIMXCsI Ha (DIIOTAMOHHBIX MPOIEccax, CTal OOJBIION pa3dpoc HEPACTBOPUMBIX OCTATKOB B COCTABE
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no6eiBaemoit pyasl [3]. Eciu He ycpeaHsATh MMEIOIIUICS pa3dpoc, TO M3-3a KOJMCOAHH COIepIKaHUs
HEpacTBOPHUMOI'0 OCTaTKa B pyAe MPOAYKIHs OyaeT 3a0pakoBaHa. UToObl n30eKaTh BO3ZMOXKHOTO Opaka,
NpUAeTCs epeHacTpauBaTh (PIOTAIIMOHHBIE MPOLECCHI, a 3TO CIIPOBOLMPYET POCT 3aTPaT W3-3a U3JHII-
HEero pacxojia peareHroB. Ha mpennpusitun npobiema pemaetrcs OyHKepHbIM ycpeanenueM. CyTh Me-
TOJa 3aKJII0YACTCs B HAIMYMKM COOPHOTO KOHBEHEpa, KOTOPBIA MOIyYaeT JOOBITYIO PyAy pa3indHOTrO
COCTaBa M3 HaKaruMBaromux OyHkepoB [4]. JlanHbiit MeToa He BHoNHE 3()(EKTHBEH 10 MIPUYMHE TOTO,
YTO HE JOCTUTACTCS HYXKHAs OJTHOPOIHOCTD TOJIE3HOTO HCKomaemMoro [5].

B pa6ore [4] ObLT mpeasiokeH METOJ ISl YCPEAHEHUST PY/IbI, 3aKIFOYAIOIIHICS B OCMBICICHHOM
PACCHITIKE PyIbI IO CKJIATy W TPUIEIbHON BbIOOpKe. CyTh METO/Ia B TOM, YTO COCTAB PYABI IIPH 3aI0JI-
HEHHU CKJIaJIa U3BECTEH B KXKJOW TOYKE CKJIaAa. ITO JJaeT BO3MOXKHOCTh BEIOOPKH MaTepualia MmocTo-
SIHHOT'O COCTaBa B 3aJaHHBIX TOUKax [6].

OOBEKT AaHHOTO MCCIEeNOBAaHUS — CKIIAJ, 3alOJHSAEMbIH pyJOd depe3 TPaHCIOPTHYIO CHUCTEMY, —
CITYKHT JIJIsl YCPEIHCHUS M XpaHeHwusl pyabl. Ha puc. 1 mpencraBiieH Takod CKIIaJ, UCIIOIb3YONIHH JJIs
pasrpy3Kd KpaTmep-KpaHel. B pabote mpemmaraercs ckpernepHasi (TOUedHast) BEIOOPKA PYABI IJs ajib-
Helmel nepepaboTKH.

Puc. 1. NMpousBoacTBeHHbIN cknag
Fig. 1. Production warehouse

3amada JaHHOHN CTAThH — IIPOBEPUTH, MOXKHO JIM YIIPABIISATH BHIOOPKOM Kak OOBIYHBIM TEXHOJIOTHYE-
ckuM o6bekToM mipu nomoru [TUI-perynsropa. CienoBaTebHO, 0OBEKTOM yIpaBlIeHHS SBISETCS Ta-
Kasi BbIOOpKa. Llenbro AaHHOW cTaThbM CTaBUTCS BO3MOXKHOCTH HUICHTU(QHIIMPOBATH BBIOOPKY, TO €CTh
OTIPEICJINTh NEPEAATOYHYIO (DYHKIIHIO.

MaTtepuansl 1 METOABI

Jlns viccrenoBanus ckiana Osiaa B3sta SPH-momens, onwcanHas B crarbe [7]. MeTtoa ruapouHa-
MHKH CITIQXKEHHBIX YaCTHIl — 3TO OECCeTOYHBIH JIarpaHKeBhId METOJI, pa3peliaronas CliocCOOHOCTh KO-
TOPOTO MOXET OBITh OTPETYIMPOBaHA OTHOCUTEIHHO MEPEMEHHBIX. MOIeIMpOBaHUE CBOJUTCS K pas-
Ouenuto oOmIeld Macchl pyJbl Ha MHOXKECTBO B3aWMOJICHCTBYIONIMX YaCTHI], KOTOPblE OOMEHHBAIOTCS
Mex1y co0ol pusndecknmu xapaktepuctukamu [8—10]. B o0mux yepTax MOJeTMpOBaHUE BBIPasKACTCS
B CJICIYIOIIMX aJrOPUTMaXx IS 3arpy3ku ckiana [11]:

1) BBOX H(bOpMAaIHHK O PU3NIECKUX CBOWCTBAX KOMIIOHEHT;

2) reHepalys YacTUIbI B COILIE;

3) majeHue 4acTHUIIbI,

4) mownck coceneir;

5) pacuer cui, IEHCTBYIOIINX HA YACTHIIBI,
W JUTS pa3rpy3Ku CKIIaja:
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1) BBOI MH(pOpMaLKHU 0 PU3MIECKHX CBOMCTBAX KOMIIOHEHT;
2) BbleMKa rpeiidepom;

3) MOMCK COCeTHUX YACTHIL;

4) pacuer cuJl, ICHCTBYIOIINX HA YaCTHUIIBIL.

W Nporpamma ans Moeanposanua pyasi Ha cknage

Texywee spema = 37,06
Kon anemenros = 1127
Kon yaanew. 3nementos = 145

MNonoxerue conna: x = 9 63642643563453
MNonowenwe conna: y = 10,4944871958023
MNonoxerue conna: 2 = 14

Monowerwe ckpenepa: x =12
‘ Monowerue ckpenepa y = 7.5
MNonoxerue crpenepa: 2 =

Coaepxarme KCl e cxp-pe = 0,289

Kapra koHueHTpauum

Puc. 2. Peanusylowee nporpammMHoe obecneyeHue
Fig. 2. Implementing software

Mojenb peau30BaHa ¢ IOMOIIIBIO POrPAMMHOTO 00€CIICUCHUS], TIPETHA3HAUYCHHOTO JUIS YIIPABICHUS
JIBIDKEHHEM COTLIa, TTOIAFONIETO Py Ha CKJIaJ, U CKperepa, YAAISIOIIEro pyay co ckiana (puc. 2) [12].

[IporpaMma mpuUHUMAET OT IOJIB30BATEINS JJAHHBIC O TEOMETPUUYECKUX MMapaMeTpax CKJiaja, JIaHHbIC
0 COJIEpYKaHUKM HEPACTBOPUMOI'O OCTaTKa U XJIOPUCTOTO KaHs B PYyJE U 3aJlaHue ajropuTMa JIBHKCHUS
coria u ckpernepa. B nporiecce paboTel GopMHUPYIOTCS KapThl YPOBHS PYJIbl U MO3MIIMS COILIA U CKpe-
nepa B TEKYIU MOMEHT.

Pe3yabTar

st ynpaBiieHUsI BBIOOPKOM HEOOXOIMMO MPOU3BECTH MACHTU(MUKALIMIO 10 KaHATY «COIEPIKUMOE
KCI na Bxoge — comepskumoe KCl Ha BeIXOzE», MOmaBasi CTaHAAPTHOE BO3IEHCTBHE — €IMHHUYHBIN
5%-HbIii ckadok Ha Bxoze [13-16].

IepBonauansHO Ob1TO 3amaH0 20%-Hoe coaepxkanne KCl kak ncxomHbIil mapaMeTp pu MOIETHPO-
BaHMU mporecca. beito 3apukcuposano npouentaoe conepxkanue KCl B pyne B teuenne 300 c. 3arem
ObUT 1aH Ha BXOoA 5%-Hblil ckauok comepxanus KCl — 24 %. AnamoruuHo ObIIM 3amKCaHbl JAHHBIC 110
CoJiepKaHUI0 XJIopucToro kaius B TeueHue emie 300 c. Bes BbIOOpKa MpOHM3BOIMIIACE W3 CEPEIUHBI
ckiana 0e3 cMelleHus ckpernepa. Ha ocHOBe MOJYYEHHBIX JaHHBIX CHayajia ObLI MOCTPOSH HOPMHPO-
BauHbIH rpaduk B MS Excel (puc. 3).
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Puc. 3. TpeHp copepxanusn KCI B pyae (%), ncnonb3oBaHHbIN B 3KCNEepPUMEHTEe
Fig. 3. Trend of KCI content in ore (%) used in the experiment

[ocne sToro MaccuB TOYEK MO MOKA3aHUSAM HAIIETO MOJACIMPOBAHUS ObLT MEpPejaH B CIEIHATBHYIO
nporpaMMmy «MHOTOKpPHTEPHAIBHOE HCCIEIOBAaHUE CHCTEM YIpPABICHH», pa3paboTaHHyI0 Ha Kadeape
aBromarusaiuu [15]. CpeacTBamu mporpamMMsl MPOM3BEICHO MaTEMaTHYECKOE CIIIAKMBAHUE METOIOM
MSITH TOYEK JJIsl 0TOpOoca TOUYEK, CPeIHEKBAAPATUYHOE OTKIOHEHHE KOTOPhIX ObUIO BenHuko. CriaeH-
HBI MaccUB ObLT TpOHOpMUpPOBaH B uHTEpBaie oT 0 mo 1 (puc. 4). Mcnons3ys Moxynb uaeHTH(HKA-
WM, TIOJYYWIN NepelaTOuHyi0 (PyHKINIO 00BEKTa, KOTOpasi OMKCHIBACT allepHOIMYECKOE 3BEHO C 3a-
Ia3JAbIBaHUEM, UMEIOIIYIO BUL

__ 1 . -280s
W(S)_38-s+1 € )

e

12|----------- beeeeeeee '

Copepxanue KCl B pyne

i
600

Puc. 4. HopmupoBaHHbIN rpacuk u rpacdmk, Nony4eHHbIN NO NnepesaTovyHON (PYHKLMN
Fig. 4. Normalized graph and graph obtained from the transfer function

BriBoabI

[Ipu cpaBHEeHNM rPadUKOB MOKHO yOSAUTHCS, YTO NOTYUYCHHAS IepeiaTouHas (yHKIHS aJeKBaTHO
OTHCHIBACT paccMarpuBaeMblii mporecc. [lomydeHHas MakcUMallbHAas MOTPENTHOCTh HE MPEBBIIIACT
6,5 %, cienoBaTeNbHO, UACHTU(DHUKAIUS TPEACTABICHHON XapaKTEPUCTHKH BO3MOXKHA — IEJIb PaOOThI
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JIOCTUTHYTA. YTIpaBlieHHe 00BEKTaMU C TaKOH mepeaaTouHoi (PyHKITHEH JIErKo OCYIIECTBISETCS C TO-
mompto [TN]] 3akona perymupoBanus. OTcro/la MOXHO cenath BeIBOJ, uTo 1M /]-ympaBienue npume-
HUMO K YIPaBJICHHUIO BEIOOPKOH PYABI 3 yCPETHUTEIBHOTO CKIIaja.
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STUDY OF THE POSSIBILITY OF CONTROLLING ORE AVERAGING
BY METHODS OF CLASSICAL CONTROL THEORY
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The importance of the problem of ore averaging at potash enterprises and the search for the op-
timal set of measures to eliminate the problem are shown. The problem of a large spread of insoluble
residues in the potash enterprises of the Verkhnekamsky District is identified. At the moment, it is
solved by bunker averaging, but this does not always work effectively. It was suggested to use
the previously described method of meaningful distribution in the warehouse and targeted sampling
depending on the composition. A mathematical model of loading and unloading of the warehouse
was constructed; algorithms and calculation of the coordinates of the point of discharge and extrac-
tion of ore were proposed, depending on the content of insoluble residue and potassium chloride in
the ore. This method excludes the possibility of manufacturing defects and carries out the averaging
of raw materials in an optimal way. According to the indicators in the simulation model, targeted
sampling in the warehouse reduces the percentage spread of insoluble residues in the ore. It was de-
cided to investigate the sampling process in the warehouse for identification. Purpose of work is to
test the possibility of controlling the sample as a conventional technological object using a propor-
tional-integral-differentiating controller. To do this, the control object was identified, namely: a sin-
gle impact jump was applied to the system input. Materials and methods. The standard impact was
modeled on a previously developed warehouse simulation model, where the geometric parameters of
the warehouse, the physical parameters of the ore elements, as well as the parameters of the nozzle
and scraper movement are set. With its help, potassium chloride from ore is conducted. The results
of the ore sampling are recorded for the initial installations, and then after a five percent jump.
The simulation results are presented as a normalized graph for comparing the results and determin-
ing the behavior of the system. Result. The resulting array of values was moved to the previously
developed transfer function calculator. Based on the values found, a smoothed normalized graph was
constructed, which had to be identified. As a result of this work, the transfer function of the first-
order aperiodic link with a delay was obtained. Conclusion. When analyzing the graphs, a conclu-
sion about the validity of the obtained function was made. Based on the obtained arrays of values,
an error of 6,5% was calculated. The transfer function has been identified, so the sample in
the warehouse can be controlled using a proportional-integral-differentiating controller.

Keywords: potash ore, ore averaging, smoothed particle hydrodynamics, modeling, warehouse,
sampling, transfer function, proportional-integral-differentiating controller.
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