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B.M. Be3y6
BUKOPUCTAHHSA HEUYITKOTI'O PET'VJISITOPA OJI YIIPABJIIHHS
IMPOLIECOM I'PAHYJISLII OBKOTHIIIIB

AHomauis. [TokaszaHo Hedoniku icHytYUx Modesell npoyecy paHyasayii 06Komuwis npu BUKOPU-
cmaHHi Mmodesell 015 nobydosu cucmem ynpasaiHHA 2paHyasmopamu. 3anponoHoBaHo 0/iA no-
6y0dosuU pe2ymopa BUKOPUCMOBYBAMU HeYyimKi Modeni npouecy epaHyaayii o6komuwis.
Knwo4osi cnosa: epanynsyis 06Komuwuis, ynpasaiHHS 2paHyasmopoM, Heyimki mooes.

ITocraHoBKa mpooGsemu. IlommpeHnM CIIOCOO0OM OTPUMAHHS CUPUX
OKOTMILIIB € BUKOPUCTAHHS YallOBUX TPaHyIATOpPIB [2, 4]. YV cKkiang Takoro
TpaHy/IsSITOpa BXOAUTD Yallia, 10 00epTaeThCs 3 MeBHOM MBUAKICTIO. Crelia-
JIbHO MiArOTOBJIEHA IINXTA CKOYYETHCS 10 MOXWUJIili MMOBepXHi yarli, Gopmyro-
YU IPYOYKU, TPAHYIIN.

[lluxTa Ojsi BUPOOHMUIITBA OKOTUIINIB CKIANAETHCSI 3 MArHETUTOBOTO
KOHIIEHTPATY i CIIOMYyYHOI 106aBKM OEHTOHITY (17151 hII0COBaHUX OOKOTUIIIIB B
IIMXTY AOMAETHCS BaIHSIK). Peryaiomwun MBUIAKICTh 0OepTaHHS 4alli, KyT ii
HaxXWy, IHTEHCUBHICTb MMOTOKY IINXTY, IHTEHCUBHICTD i1 3BOJIOKEHHSI MOKHA
BIUIMBATHU Ha MPOLLeC OTPUMAHHS CUPUX OKOTUILIB.

Ha nmpoiec ¢dopmyBaHHS CUPUX OKOTMIINIB BIUIMBA€ CTYIiHb
oA piOHeHHST KOHIIEHTPATYy, XiMiUHUI CKIaJ MIUXTY i 6eHTOHITY. TakoxK dQyH-
KI[IOHYBaHHSI ~ YallOBOrO  TpAaHy/IsITOpa  3aJIEXXUTh  Big  TOro,  fK
BUKOPUCTOBYETHCS IUIOIIA Yalli. ONTUMAJIbHUM BBaXKAETHCS PEXUM, KOJIU
BipuB OpibHMUX dpakiliii BinOyBaeThCcs B BepxXHilt Touli giametpa [3]. Takuii
pexxum 3abesneuye BUKOPUCTAHHS [IJis TIpoliecy GopMyBaHHSI OKOTUIIIIB MaK-
CUMaJIbHOI IuIomi yanri. 36iplIeHHsT IMBUAKOCTI 0O0epTaHHS Yallli BUKINKAE
3pPOCTaHHS BiALIEHTPOBUX CWII, LIO MEPEelKOIKalTh CKOYYBAHHIO OKOTUIIIB
BHM3. ToMy i3 306i/IbIIEeHHSIM HIBUIKOCTI 06epTaHHS yalli 36i/bIIyI0Th KyT ii

HaxXWIy A0 TOPU30HTY. 'paHMYHe 3HAUEHHSI KyTa HaXWly 4Yalli BU3HAYAETHCS
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BJACTMBOCTSIMM MaTepialy, IO TPaHYIIOETbCI i MOTPIOHMM po3MipoM
OKOTMIIIIB.

[Ipy mpaBMJIBHOMY BeIeHHiI TeXHOJIOrii Ipolecy HeoOXximHO 36epe-
KeHHSI pO3Mipy MNOpUAATHUX OO0 TOJAAbIlIoi OOpOOKM OKOTUINIB Ha
MOCTiAHOMY piBHi, 110 BMMAara€ peryJrBaHHS IMPOLeCy OTPUMAHHSI CUPUX
OKOTUIIIIB. 3MEHIIEeHHS] PO3Mipy TIpaHy/J MIpMU IIOCTIMHOMY MOTOI IIUXTU
BMMarae 30iJblIeHHsT MBUAKOCTI oOepTaHHS valli rpaHyasTopa abo 3MeH-
IIeHHSI KyTa HaxMJIy 4Yallli i 3BOJIOSKEHHST IIMXTU. 3a3Buuai Ajisl 30i/1bIIeHHS
PO3Mipy OKOTMIIIIB JOCTaTHIM € 30i/IbIlIEeHHS MIBUAKOCTI 0O0epTaHHS yallli rpa-
HYJISITOpA, 10 3abe3neuye IMiJHSTTS OKOTHUIIIB Ha Oi/lbIy BUCOTY. Aje Ipu
IIbOMY TOTPiOHO MOTepeIKyBaT IOIMaJaHHsI OKOTUIIIB B 30HY 3aBaHTaXeH-
HS IIUXTU.

MeTa po6oTu. MeToio pob60TH € TTOOYyI0Ba HEUITKOI MOAesIi Mpolecy
TpaHy/IsIii 0OKOTUILNIB A1 BUKOPUCTAHHS MOJIeJTi IPY CTBOPEHHI PeryssiTo-
pa, 1[0 BUKOHYE yIIPaBJIiHHS TPaHYISITOPOM.

PesynbTaTy AOCHiIKeHb. BUBUEHHSI TeXHOJIOTIUHOI AOKyMeHTaIlil
MOKas3ye, 110 OCHOBHI 3aJIeXXKHOCTI MPOIeCy TpaHy/islii onMcaHi B OCHOBHOMY
B SIKiCHMX TepMiHaxX. Bimomi momesi mpoliecy rpaHy/silii BUKOHaHO METOaMu
IMOBipHO-CTaTUUHOTO aHasi3y [1, 5], 1m0 He crpusie MOOYIOBI CTiltKOi meTep-
MiHOBaHOI MOJIeJli ITpollecy JJisl TOTped CTBOPEHHS CUCTeMM yIIpaB/IiHHS rpa-
HYJISITOPOM.

TakuM 4YMHOM [IOLIIBHUM € OMMCAHHS MPOIlecy TpaHyJsllii MeTogamu
HeuiTKoi joriku. BupimenHs 3amau dasudikaiiii i medasudikariii 6ymo 3miic-
HEHO 110 [6].

[Ticiss BMBUEHHS Teopil rpaHy/siil CUIIKMX MaTepiajiB, T€XHOJIOTiu-
HUX KapT TpoLieCcy Ta OMMUTYBAHHSI MepcoHaay Oy/0 BM3HAUEHO OIMUCYIOUi

TIpOLIeC rpaHysIsiiii OOKOTUIIIB JIIHI'BICTUYHI 3MiHHi:
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Tabauiga 1
[Tepenik HEUITKUX 3MiHHUX
Bxigni
3MiHHi Ha3sBa 3HaueHHs
Bosoricte muxtn | B (Bucoka) | C (cepennsi) | H (Hu3bKa)
Buxig npupatHoro | B (Bucokwuii) | C H (Hu3bKMIN)
(cepenHiii)
[TpoAyKTUBHICTD B (Bucoka) | C (cepenusi) | H (Hu3bKa)
rpaHyJsiTopa
Kyt Haxmimy vami | B (Bucokwuii) | C H (Hu3bpKMin)
(cepenHiii)
IlIBuakictb 06ep- | B (Bucoka) | C (cepenus) | H (Hu3bka)
TaHHS Yalli
[HTeHCUBHICTb B (Bucoka) | C (cepenusi) | H (Hu3bKa)
3BOJIO>KEHHS
Buxingni
3MiHHi HasBa 3HayeHHA
PerymoBanHg kyTa | C (3meHun- | H (He |V
HaXMUJTy yalri TI) 3MiHIOBaTH) | (3GiBLINTI)
PerymtoBaHHs CC (cunbHO | H (He |V
MIBUIKOCTI 00ep- | BHU3UTH) 3MiHIOBaTH) | (301/IBIINATI)
TaHHS valli C (3HM3UTH) CY (cuibHO
301/IBIINTN)
PerynwoBanHsg iH- | C (3HU3uUTH) | H (He | Y
TEeHCUBHOCTI 3BO- 3MiHIOBaTH) | (306LTBIINATI)
JIOKeHHS

@yHKIIi1 HAa/eKHOCTI OYIYIOThCS /1)1 TTlepexXoAy Bifi IKiCHOTO HeYiTKOTO

OTIMCAHHS 3MiHHUX 10 hopMasizoBaHOTO0. byieMo BUKOPMCTOBYBATH:

- TpamnenuiiHi QyHKIIii HaJIe;KHOCTi, [0 MAaIOTh 06/1aCTh TOJEPAHTHOCTI,

KOpeJirooun (110 3MiHHi) 3 30HOI0 ONTMMAaJIbHOCTI MpoI1lecy;

- TPUKYTHIi GQYHKIIii HaJIeSKHOCTI, 110 MalOTh BUPaskeHU eKCTPEMYM.
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Ha puc. 1 npencrapieHi GyHKIIii HalesKHOCTI 151 BXiTHUX 3MiHHUX.
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PucyHOK 1 - ®yHKIIil HaJIe>KHOCTI /151 BXiTHMUX 3MiHHUX

Ha puc. 2 npencrapieHi GyHKIIii HaesKHOCTI 151 BUXiTHUX 3MiHHUX.
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B) 3MiHHA “PerymoBaHHs iHTEHCMBHOCTI 3BOJIOKEHHST”

PucyHOK 2 - ®yHKIIil HaJIe>XHOCTI AJ151 BUXiAHUX 3MiHHUX

BMKOPMCTOBYIOUM pPe3yIbTaTy OMUTYBAHHS TEXHOJIOTIB Ta €KCIIePTiB
o6yna mobymoBaHa (Tabn. 2) 6asa IpaBM MIOAO TUIIOBUX BUPOOHUUMX

CUTYyaliil B rpoueci rpanysnii. TyT BUKOPUCTOBYIOTbCSI HACTYIIHI I0O3HAUEH-

HS:
H 3HAuYeHHS “HMU3bKe” BXigHOI 3MiHHOI
C 3HaYeHHs “cepenHe” BXimHOI 3MiHHOI
B 3HAUeHHS BUCOKe” BXiIHOI 3MiHHOI
CC 3HAUeHHS CUJIBHO 3HU3UTU” BUXiTHOI 3MiHHOI
C 3HAYeHHS 3HMU3UTU” BUXIAHOI 3MiHHOI
142
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H 3HAUeHHS “He 3MIHIOBAaTU” BUXiAHOI 3MiHHOI
v 3HAUeHHS ' MiABUIINTKU” BUXiOHOI 3MiHHOI
CcY 3HAUYEeHHS ' CUMJIbHO MiIBUILUTU” BUXiAHOI 3MiHHOI
Tabauig 2
Tabauis mpaBuI
Bxoau Tumnosi curyanii
Ta BU- Ne | 1 2 3145 6 7 8 9 |10 | 11 | 12
X0
1 H|{H|  H H|C|C|C]|C B B B B
Bxoau 2 H|H|]C|C|B|B|H|H|C C B H
(BxigHi 3 H B|H|C|  H|B|H|C H B H B
3MiHHi) | 4 C H|  H| B|C|H|  B|H C H C H
5 H|{H|B|C|B|B|C]|C B H C B
6 H|{H|C| B |H|B|H]|C H C H H
Buxoau 1 Y H|Y | C| H | H|C|V YV H | H Y
Buxigui | 2 |([CY| Y| C| Y| H|H|H|C|CC|H Cc | CC
3MiHHIi) 3 Y| YV H/ H|H|C| VY| H C C C C

IcHyoui Ha rpanyISATOpI:

cucTemMa crabismisamii KyTa HaxyTy vaiii;

cucTeMa crabimizamnii mBMUAKOCTI 06epTaHHS Yallli;

CUCTeMa YIIPaBIiHHS 3BOJIOKEHHSIM IIUXTH;

OTPUMYIOTb 3aBOaHHSA BiA AedasudikoBaHMX BUXIAHUX 3MiHHUX

HEUiTKOI CMCTeMU yIIpaB/IiHHS Y BiANOBiAHOCTI 3 Tab/a.2, a iCHYIOUi Ha TpaHy-

JISITOPI:

ba3udikyoThCsl Ta BUKOPUCTOBYIOTHCS Y SIKOCTi BXiJHUX 3MiHHUX.

BMMipIOBay 4yycia 00epTiB Yallli;

BMMIpIOBa4 KyTa HaXWIy yalili;

BOJIOTOCTi IIUXTH;

BUTPATOMip BOAU

BucHoBku. B pesynbTaTi OOCHiIKeHb BCTAHOBJIEHO MOKIMUBICTH i

MOTeHIli/iHa edeKTUBHICTb (0CO6JMBO B YaCTMHI 3aCTOCYBaHHSI CIabKO
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dbopmastizoBaHUX 3HAHb JOCBigUEHMX €KCIIEPTiB) HEUITKMUX aJTOPUTMIB IIpU
yIIpaBIiHHI TPAHYISITOPOM OOKOTHIIIIB.
Ix BuKOpMcTaHHS 3abesneuye mofaiblle MiABUILEHHS CTa6GiIbHOCTI

poOOTU TPaHY/ISITOPA i SIKOCTi OOKOTUIIIIB.
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Ucnonv3osarue Hedemko20 pe2ynamopa
014 ynpassieHusA npoyeccom 0KOMKOBAHUA OKamelwel

Toka3zaHbl Hedocmamku cyujecmsyruux modeneli npoyecca OKOMKOBAHUA OKameblwel
npu ucnosib3agaHuu modesell 07 NOCMPOeHUs cucmem ynpasjieHus okomkosamensmu. [lpeo-
JIOXeHO 0/1A NoCmpoeHUs pe2ysmopa ucnosib308ame Heyemkue mMooesu npoyecca OKOMKOBA-
HusA okamsbiwed.

Using of fuzzy regulator to control the process of granulating of pellets

Widespread way of producting crude granuls is use bowl granulators. The bowl is a part of
such granulator that rotates with a certain speed. Specially prepared furnace charge rolls down
an inclined surface of a bowl, forming lumps, granules. Furnace charge for production granuls
consists of magnetite of a concentrate and bentonite binding additive (for gumboil granuls in
furnace charge limestone is applied). Regulating the speed of rotation of a bowl, a corner of its
inclination, intensity of a stream of furnace charge, intensity of its moistening it is possible to
influence process of receiving crude granuls.

Process of formation crude granules is influenced by extent of concentrate crushing, the
chemical composition of furnace charge and bentonite. Also functioning of the bowl granulator
depends on how the area of a bowl is used. The mode when the lead of small fractions occurs in
the top point of diameter is considered optimum. Such mode provides uses for granules
formation process to the maximum area of a bowl. Increase in speed of rotation of a bowl causes
growth of the centrifugal forces interfering rolling granules down. Therefore with increase in
speed of rotation of a bowl increase a corner of its inclination to the horizon. The extreme value
of a tilt angle of a bowl is defined by properties of material that shredded and the necessary
granules size.

At the correct maintaining technology of process preservation of the size suitable to fur-
ther granules processings at the constant level is necessary that demands requlation of process
of receiving crude granules. The known models of process of granulation it is executed by meth-
ods of possibly static analysis that does not promote creation of the steady determined process
model for needs to creation of a control system of the granulator.

The purpose of work is creation of indistinct model of process of granulation for use of
model during creation of the requlator that carries out controls of the granulator.

As a result of researches it is established an opportunity and potential efficiency
(especially regarding use of poorly formalized knowledge of skilled experts) indistinct
algorithms at control of the granulator. Their use provides further increase in stability of
granulator operation and quality of granules.

Be3yo Bnagumup HukosmaeBuu - HalimoHasibHasi MeTa/UTypriuueckasi akajie-
MU YKpauHblI.

Bbe3yo Bomoaummup MwukonaioBud - HalioHasbHa MeTanypriiiHa akagemis
VKpaiHnu.
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