rne F(C)—unTerpanbHas (QyHKIMS pacnpelelicHus COACpIKaHUS Kele3a B

pyJzie nociue MMUXTOBKH.
Ecnu 3akoH pacnipenesnieHus: COAEpKaHMs KeJe3a B pyae Nocle MUXTOBKU
ABJISICTCSI HOPMaJbHBIM C IapaMeTpaMyd MATEMAaTHYECKUM  OKHIAHUEM

M [C]: Cop ¥ CpeIHEKBaJpaTHUECKUM OTKIOHEHHEM o , popmyna (42) npuHu-

l%g<C<6)=®(E_%j—¢{51@}, (43)

(o} (o}

MaeT BHUJ

rne @ (X) — dynkmnus Jlamaca.
Jlns mpumepa, paccMOTpeHHoro Bbime, uMmeeM ¢y =0,35, o =0,037.

[IpuHrMast, 9T0 HEOOXOAUMBIN Pa30pPOC COACP)KAHMS JKelie3a 3a/1aeTCs BEJH-
yuaamu ¢ = 0,3, T=0,4, no popmyie (43) Haxoaum

Q4—035j_®(a3—035

P(0,3<C<0,4)=d
0,037 0,037

j =2d(1,35) =2-0,4115=0,823.(44

)

BuiBOABI.

1. CoBpemeHnHas Teopus yIpaBlIEHUs MTO3BOJSET CO3AaTh MOJENb CUCTEMbI
yIpaBJEHUsI KAUECTBOM B PYJIOIIOTOKE Kapbepa.

2. Ilpumep pemienus 3aauu (HOPMHUPOBAHUS PYAONOTOKA Kapbepa MoKa-
3aJI, YTO MPU HOPMAJIBHOM 3aKOHE PACIPEAEIICHUS], KOTOPBIA OMNpenessieTcs
COJZIEpP’)KAHHMEM JKEJIe3a B PyJle NOCIe YCPEAHEHUS pU J0ObIUE U3 YEThIpEX 3a-
6oeB, paBapiM 0,35 m cpenHekBaapatnueckuM oTkinoHeruem 0,037, BeposT-
HOCTb TOTO, YTO COJIEpKaHUE XKeje3a B pyJe MOcCie IMIMXTOBKM OyaeT Haxo-
nuthes B npenenax (0,3-0,4) cocrasnser P = 0,823.
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PABPABOTKA MATEMATUYECKOW MOJEJU HAKJIAJHOT'O
NHAYKTUBHOI'O JATYUKA [JId KOHTPOJIAA KAYECTBA
KEJIE3OPYJIHOI'O CbIPbA

Paboma noceAuleHa noesvlUUEHUD NMOYHOCMU KOHMpPOJisl Kadecneda qbep-
POMACHUIMHBIX pyd C nNpumMeHeHuem qumeueHbzx 0amuuKo8 3a cuem KOMNEH-
cayuu 61UAHUA USMEREHUA YPOBHA pydbl Ha KOH@@IZQPHOZZ JleHme.

Poboma npuceauena niosuwennro  mounocmi  KOHMpPONO  AKOCMI
GepomacHimuux pyo i3 3acmocCy8aHHAM [HOYKMUBHUX OAMYUKIE 3A DPAXYHOK
KOMNeHcayii 6nau8y 3MiHU pieHs pyou Ha KOHBEEPHIL CMpPIidyi.

The work is dedicated to improving the accuracy of the quality control of
ferromagnetic ores using inductive sensors due to the compensation effect of
changes in the level of ore on the conveyor belt.

IIpo0dJiema u ee cBSI3b ¢ HAYYHBIMH M NIPAKTUYECKUMHM 3a1a4aMu. Paz-
paboTKa MHAYKTUBHBIX JTAaTYUKOB JJISl ONpPEACIICHUSI COAEepKaHus eppomar-
HUTHOM (Dpakiuu B pyJaX TUTAHOMATHETUTOBBIX U MAarHETUTOBBIX MECTOPOXK-
neHuid Hadanack eme B 40-x rogax mpornuioro crojetus. [Ipu 3Tom KOHTPOJIb
KauecTBa KEJIE3HbIX PYJ HEOOXOIMMO IMPOU3BOJUTH BO BPEMS BCEro MpPOU3-
BOJICTBEHHOI'O IMKJIa — OT Pa3BEJOYHbBIX U B3PBIBHBIX CKBAKUH JI0 MOJTYyYCHUS
MPOJYKTOB OOOTAalIeHWs] W KOHIIEHTpaTa. JTO 0OecrednBaeT BO3MOXKHOCTH
ABTOMAaTHUYECKOTO YMNpaBJICHUSI BCEM IMPOU3BOJACTBEHHBIM IPOIECCOM IOIyYe-
HUS JKEJIE30PYIHOr0 KOHIIEHTpaTa. KpoMe TOro npuMeHeHUe 3TUX JIaTYNKOB B
YCTPOMCTBAX aBTOMATHUKHU MOMOXKET BBIJICTUTh HEKOHJIUIIMOHHYIOPYIY U3 00-
IIETr0 MOTOKA, YTO MOBbIIAET 3 (HEKTUBHOCTH MpOoIecca 00OTaleHus.

AHaau3 ucciaenoBaHuii U myOaukanuii. TeopeTuyeckuMu uccliienoBa-
HUSMH XapaKTEPUCTUK MHAYKTUBHBIX JATYMKOB M Pa3pabOTKOW MX KOHCTPYK-
UM 3aHUMAJINCh HAy4YHbIE COTPYAHUKHU /[HENpOMmeTpOBCKOTO rOPHOTO MHCTH-
tyta — A.H. Maprora, H.U.TBepaoctyn; KpuBopoKCKOTO rOpHOPYJIHOIO HH-
cturyta - B.II. Xoponbckuid; JIEHMHIpaaCcKOro TOPHOTO MHCTUTyTa —
0.1 . KynpsiBuer; CBepasioBckoro ropaoro uuctutyta — O.H. MouanoB u ap.
[1-3]. B ocHOBHOM 3TH HMccieIOBaHUS ObLIM HANPaBICHBI HAa MOBBIIICHHE TOY-
HOCTHU U3MEPEHUS MMapaMeTPOB UHAYKTUBHOIO JIaTUYMKa MIPU BHECEHUH MTPOOHI B
30Hy u3MepeHud. [Ipu 3TOoM cTaBuiace 3ajaya annapaTypHOM KOMIIEHCAIUU
BIIMSIHUSI MEIIAOMKX (PAKTOPOB — IUIOTHOCTH M BIAXKHOCTH MaTepualia, BbICO-
ThI CJIOSl M €r0 IPaHyJIOMETPUUECKOI0 COCTaBA.

IMocTranoBka 3amaun. Beixonuoit curnan UII (MHIYKTHBHOTO MEepBUY-
HOT'O TIPeoOpa3oBaTelis) 3aBUCUT OT U3MEHEHHS BBICOTBI CJIOS PYJIbl, KOTOPBIH
HaXOJUTCA B U3MEPUTEIBLHON 30HE UHAYKTUBHOIO JIATUUKA, YTO CHUKAET TOY-
HOCTh KOHTpOJIs. Jlo pa3paboTKu MPUBEICHHONW MOJEIN ObLIM MPOBEACHBI HC-
cnenoBanns UIIII, npu kOoTOpeIX Macca pyabl HE YUYHATHIBANACh, & CUTHAJ WH-
JTYKTUBHOTO JIaTYUKAa KOPPEKTUPOBAJICS TOJIBKO MO BbICOTE cjosi pyasl. Ha
KOHBeHepe Ui ONpeAeNeHUs] moawjunvl ciosi pyonoeo nomoxa (H) ObL1 wc-
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MOJIb30BaH yabmpa3zeykosou odamuuk paccmoanus UC500-30GM-E7R2-V15
npousBojicTBa «Pepperl+Fuchs», ycraHoBieHHBIM HaJ KOHBEHEPHOH JICHTOU
Ha pacctossarH 0Kojo 0.5 M. Madopmanus oT qaTymka mocTymaia Ha BEpXHAN
ypOBeHb B IIU(GPOBOM BHJIE, IJI€ BBIUMCISUIOCH 3HAUEHHUE TOJNIIMHBI CIIOS PY/I-
HOI'0 NOTOKA. [Ipu 3TOM TOYHOCTH KOHTPOJISI KauecTBAa PyAbl OKA3aJach HUKE
JIOMTYCTUMBIX TE€XHOJOTUYECKUX TpeOoBaHM. 3aaueil JaHHOW pabOTHI ABIISIET-
cs pa3paboTKa MaTeMaTUYECKONM MOJEIN HAKJIAJHOTO MHIAYKTUBHOTO JaTYMKA
JUISL KOHTPOJIE KayeCTBa KEJIE30PYAHOr0 ChIpbsi 0€3 MPUMEHEHUs JaTYUKOB
BBICOTHI CJIOS1 PYZIbl HA KOHBEMEPE.

N3noxenne MaTepuaa u pe3yJibTarhl.

[Ipu ucnonb3zoBanuu Haxnaowsix WUIIII B Buae miockux KaTymiek pas3ind-
HOU (hOopMBI U3-3a OOIBIION HEPABHOMEPHOCTH CO37aBAEMOT0 MAarHUTHOTO TIO-
7151, KOTJIa HAIPSYKEHHOCTh MATHUTHOTO TIOJI MO0 MEPE 3allOJIHEHUS 30HBI KOH-
TPOJIS PYJIOH, a CIIENOBATENIbHO, U YyBCTBUTENBHOCTH UIIII, MOryT H3MeHATHCS
B HECKOJIBKO pa3 — CJIEyEeT paccCMaTpHUBaTh PEXUM padOThl ¢ YACMUYHbIM HA-
coliyeruem, B KOTOPOM CUTHaJ SX ellle 3aBUCUT OT Macchl M, HO yXe He MPsIMO
MIPONIOPIIMOHATIBHO.

Jl1is ipoBeieHHs UCCIeA0BaHUM Oblila MU3rOTOBIIEHA (PU3NYECcKas MOACIb
NIIII - nrockas naxnaonas kamywka B BUJE MPSIMOYTOJBHON BBITSIHYTOU paM-
KU, PaCIOJIOKEHHON BHH3Y, MOTEPEK pyIHOro moToka (puc. 1).

Mogaenbs UMUTHPYET pealibHbIE YCIOBHUSI KOHTPOJISI HA KOHBEMEpPE U BBI-
noJiHeHa B MaciiTabe, ymenbiieHHOM B 10 pa3. PaccrosiHue oT mMpOBOIHUKOB
JI0 PYAHOTO TMOTOKa BHIOPAHO PAaBHBIM MAKCHUMAaJbHO BO3MOXKHOW TOJILIUHE
CJIOSl MaTepuaa, a pacCTOSIHUE MEXY JJIMHHBIMU MPOBOJHUKAMH MPUOIHU3U-
TeIbHO B 4 pa3a mpeBsllIaeT paccrosinue Ao notoka. [lupuna UIIIT BeiOpana

IPEBBIIAIONIEH IUPHUHY IIOTOKA IPUOIU3UTENLHO B 2 Pa3a.
= } RS D . .

Puc. 1. Quzuueckue mooenv UIIII: naknaouas niockas kamyuwra 6 euoe
sbimsinymot pamxu (Konsetiepuviil sapuanm)

Jlig SKCTepuMEHTa MCMOJIb30BaHbl TOHKO M3MEJIbUYEHHAs] UCXOJHAs Mar-
HETUTOBAs pyja ¢ coaepxanuem Fe, ., 27.7% (BbicyllieHHas MyJjiblia, KOTOpas
MOCTYIAET ¢ MEJIBHUIIBI HA MArHUTHBIN CErapaTtop) W XBOCThI MAarHUTHOU ce-
napanuu ¢ coaepxanueMm Fe,,.., 1.4%, xpynHocThio okoiio 0.1 MM, U3 KOTOPBIX
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nyTeM pa30aBlieHUs MOIy4yeH psia npod ¢ paBHoMepHbIM maroM: 1.4%, 6.7%,
12.1%, 17.2%, 22.4% wu 27.7%.

Ha nanupix npo0ax mpoBesieHbl SKCIIEPUMEHTHI € TIOCIe10BaTeIbHBIM 3a-
MOJTHEHHEM 30HbI KOHTPOJISI PYAHBIM MaTepUaioM, HAYUHAas MPUOIU3UTEIBHO C
1/5 wacTu 1 10 MOTHOTO 3aroyHeHus. [Ipu ATOM perucTprupoBaInch Macca py-
Il M ¥ BeTM4YKrHA curHajia SX.

beuta paspaborana maremarudeckas mozenb (1), yduThIBaroIias HEJH-
HEHHOCTh 3aBUCUMOCTH SX OT M B pexkuMe vactuuHoro HacwimieHus WIIII

(puc.2):

FeMaZH =F FSZ< . (1)
(M)
CyTb COCTOUT B TOM, YTO BMECTO MCIOJB30BAHUS MacChl M JJIs IpUBEE-
HUsl curHana SX W monydeHus: mapamerpa SX/M, HE3aBUCHMOTO OT CTEICHH
3aIOJTHCHUSI, UCTIONB3YEeTCsl HeKoTopasi Hopmupyrowas ¢yuxyus F,(m), Beipa-
JKAIoIask CBsI3b MEXy curHaioM SX u maccoit M. JlanHas pyHKIIMS HAXOJUTCS
SMIMPUYECKH MPU HEKOTOPOM IMOCTOSSHHOM 3HAYEHHUH conaepkanus Fe,.,, Ko-
TOpOE BBHIOMpAETCs MPUOIUZUTENLHO B CepeIuHEe paboyero auarna3oHa.
Hampumep, Ha puc. 2,a BeiOpaHO cpemHee conepkanue Fe,.., 22.4%,
BapbUpOBaHA Macca PyJAHOI0 Marepuaia B 30HE KOHTPOJIS, U MPU ITOM METO-
JIOM HaWMEHBIIUX KBAJpaTOB TOJIy4YeHAa HOpMupytomas ¢ynknus F,(m)=-
0.4742m*+87.653m+220.08, kOTOpasi MOACTABISETCS B CYIICCTBYIOLIYID MO-
JIeJIb BMECTO MaccChl M.
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Ha puc. 2,6 BUAHO, 4TO 3TO MO3BOJSET, MPU BapbUPOBAHUM CTEIICHU 3a-
NOJTHCHUSI B INUPOKUX TMpejenax, cradwimsupoBaTh oTHomieHue SX/F,(m),
npudeM Jyist 1o0oro conepxkanus Fe,, ..

Ha puc. 2,B BUHO, 4TO BCE MIECTh 3aBUCUMOCTEHN YKIIabIBAIOTCSA B OJHY
JUHUIO, a Ha PHUC. 2,7 — YTO BBEJACHUE HOPMHpPYIOUIEH (DYHKIMH TMO3BOISIET
00ECIICUNTh XOPOIIYIO KOPPEIIAIHI0 MEXKTy BXOAHBIM mapamerpom SX/F,(m) u
coaepxxanuem Fe,,..,. Koagdbumuent nerepmunanmm R? cocrasun Gosee 0.99,

[TpyHUMO TpayupOBKH YCTPOMCTBA KOHTPOJS C MCIIOJIb30BAHUEM HOBOM
MOJIEJIH 3aKJIFOYAETCS B CIHEAYIOIIEM.

1. Ilpu mocrossHHOM conepxanuu Fe,,,.,, BLIOpaHHOM TPUOIU3UTEIHHO B
cepenuHe paboyero auana3zoHa, BapbUpysl MacCcy pyAHOrOo MaTepuajia B 30HE
KOHTPOJIS, SMITUPHYECKU IOJIYYal0T HOpMHpYoIy dyHkmuio SX=F,(m),
pPacCCUMTHIBAIOT /JIi HEE METOJIOM HAaWMEHBINUX KBAaApPaTOB KOA(D(PHUIIMEHTHI
anmpOKCUMHPYIOMIETO TOJWHOMA 2...3 CTENEeHU U COXPAHSIOT B MOCTOSHHOM
MaMsITU YCTPOMCTBA.

2. C HCToJIb30BaHUWEM TMOJIYYEHHON HOpMHUpYIOUEeH (YHKIMHU TPU TO-
CTOSTHHOM CTEIEHU 3ar0JIHEHUS M BApbUPOBAHUU COepKkaHus Fe,,,., moiyqaior
OCHOBHYIO TPaJyMPOBOYHYIO 3aBUCHMOCTb MEXK]y NPUBEACHHON MarHUTHOM
BocpuumMunBocThio SX/F,(Mm) u comepxanuem Fe,,., =F(SX/F,(m)), paccumn-
THIBAIOT JIJIs1 Hee KO3(PPUIMEHTHI annpoKCUMHUpYoero noiuHoMa 1...3 cre-
IICHU U COXPAHSIOT B MaMsTH yCcTporcTBa. [locie 3Toro ycTpoicTBO cunTaercs
OTTpagyUupPOBAHHBIM.

Takum 00pa3om, IpeasioKEeHHAsE YCOBEPIIEHCTBOBAHHASI MOJIENb YUUThIBA-
€T HEJTMHEHHOCTh CBSI3M MEXIAY CUTHAJIOM MAarHUTHON BOCIIPUUMYHBOCTH SX U
Maccoil pyaHoro marepuana M. [Ipu 3TOM 3a cYeT JOMOJHUTEIBLHOW HOPMH-
pyroIiel pyHKIUK UCKITIOYACTCS BIUSHUE KOJUUECTBA (TOJIIMHBI CIIOSI) PY/IBI,
HaXOJSIIECs B 30HE KOHTPOJISA, Ha Pe3yJbTaT KOHTPOIS. DTO MO3BOJIAET pas-
pabaThIBaTh MPOCTHIC, HAJICKHBIC U TEXHOJOTUYHBIEC HAKIIAJIHbIE JATYMKU HA
6aze UIIII B Buae TIOCKUX KaTyIIeK JJi HEMPEPHIBHOTO KOHTPOJS KadyecTBa
MarHeTUTOBBIX Py Ha KOHBeepe.

BbiBOABI M HANIPaBJIEHHE JAJIbHEHIIUX UCCIeIOBAHMIA.

1. PaccMOTpeHO B3aMMOJEHCTBHE WHIYKTHUBHOTO MEPBUYHOTO MPeoOpa-
3oBarens (MUIIII) ¢ MarHeTUTOBOW pyIOW TIPU nepemMeHHOM KOIUYECTBE Mare-
puaja B 30HE KOHTPOJIS, U KilacCU(MUIMPOBAHBI TpH pexcuma padbomsr VI
Oe3 HacvlweHusl, YacmuiyHoe U nojHoe Hacvlujenue. BolOpaH TUHEHHBIN pexuM
0e3 Hacvlujenus, TPU KOTOPOM BEJIMUYMHA TMOJE3HOTO CUTHANIA NpsAMO NpONop-
yuoHanvbHa macce peppoMarHeTuKa mpy 3amoTHEHUH 30HbBI KOHTPOJIS.

2. Jlna UIIII, paGoTaromiero B pexxuMe 6e3 HacblyeHust C pa6HOMEPHbIM
MarHUTHBIM [OJIEM: OTHOCHTEIbHOC M3MEHEHHE WHIyKTHBHOCTH AL/L,, Ha-

OJr01aeMoe TpY BHECEHUH PYyIHOrO Marepuaia B MarautHoe nose UIII (3¢-
(eKTHBHAS MarHUTHAS BOCTIPUHUMYHUBOCTH), MPSIMO MPOMOPIIMOHATFHO MAarHUT-
HOM BOCIPUMMYMBOCTU YHCTOI'O MAarHeTHTa, €ro COJEpKaHUuI0 U oOlIel Macce
Marepuana.

3. CornacHo 6a30Boi Mojenu conuepxanue Fe, .., B pyae onpenensercs
no 0éym MHGOPMATHBHBIM TMapaMeTpaM: OTHOCUTEIbHOMY W3MEHEHUIO WHIYK-
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tuBHocTH AL/L, (curnamy marHuTHOM BoctpunMmuuBocTH SX) n oOuieit Macce

MaTtepuania M. Beenenue nHopmuposanusa curnana SX Mo Macce Mo3BOJWIO HC-
KITIFOUUTh BIUSHUE KOJeOaHUN Koauvecmea Marepualia B 30HE KOHTPOJIS Ha pe-
3ynbTat U noayuuth CKO nokazanuii MoJIeiu OT JaHHBIX XMMUYECKOTO aHalIn3a
He Oonee 0.5-0.7% abc.en. g pasTUYHBIX TUIIOB PYA M MECTOPOXKICHUI
Kpusbacca (mpu comepxkanuu Fe,,., 10 30% u MOCTOSHHOM KPYIIHOCTH Mate-
puaa).

4. Jna UIII ¢ wacmuunvim nacviuenuem (HakiagHas IoCKas KaTyIIKa
C HEPABHOMEPHLIM MATHUTHBIM IIOJIEM B 30HE KOHTPOJIs) pa3paboTaHa ycosep-
weHcmeosantas MaremaTudeckas monenb (1), yuuteiBaromas XapaKTepHYIO
IUISL TaHHOTO PeXUMa HeIUHeUHOCHb CBSI3U MEXIYy CUTHAJIOM MarHMTHOW BOC-
npuUMYMBOCTH SX U Maccoil M pyAHOro marepuaia. B nanHoil mojenu 3a cuet

BBEJICHUS JOTOJIHUTENbHOU Hopmupyiowen ¢yuxyuu F, (m) (momuHOM 2...3

CTENEHHU) TakKe B 3HAYMTEIFHON CTENEHM HWCKIIOYAeTCs BIHMSHUE KOJIeOaHWiA
Konuuecmaa (TOJIMHBI CIIOST) MaTepraia B 30He KOHTPOJIs, YTO TTO3BOJISIET MPHU-
MEHSTh IPOCTHIE, HAJIEKHBIE U TEXHONOTUUHbIE Haknaonble UIIIT Ha koHBelepe.
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BJIUSAHUE PEXKUMA I'OPHBIX PABOT n
MMPON3BOAUTEJIBHOCTU KAPBEPA HA JSKOHOMHUYECKYIO
IOOEKTUBHOCTD PASPABOTKHN MECTOPOXKIEHUSA

IIpo6saiema u ee cBSI3b ¢ HAYYHBIMHM M NPAKTHYECKUMHU 3a74a4amMu. Pe-
KM TOPHBIX pabOT U MPOU3BOAMUTEIBLHOCTh Kapbepa MO PyJIe SIBISIOTCS OIpe-
JEISTIONTMME (haKTOpamMH TPU MPOSKTUPOBAHUU OTKPBITON pa3pabOTKH MeECTO-
POXKIAEHUM MOJE3HBIX MUCKONAeMbIX. [103TOMY ydeHbIE U IPOEKTUPOBIINUKYU TIPU
10001 TEXHUKE U TEXHOJOTUU FOPHBIX pabOT YJEISIIOT MOCTOSIHHOE BHUMAHUE
COBEPILIEHCTBOBAHMIO METOJIOB BbIOOpA pex’UMa TOPHBIX padOT U MPOU3BOIU-
TeIbHOCTU Kapbepa. [lo peskuMoM ropHbeIX pabOT MOHUMAIOT MOCIEA0BATENb-
HOCTh BCKPBIIITHBIX M JOOBIYHBIX pa0O0T B TPaHUIAX KapbEePHOTO IOJIs, 32 BEChH
WIH JUTUTENbHBIN nepruoa padoThl Kapbepa. TexXHOIOTHUeCKUM MPU3HAKOM pa-
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