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1. ABromaTn30BaHa cucTeMa KepyBaHHS MPOLieCaMu 3ryIeHHs IIJIAMOBUX BOJ, i OCBIT/IEHHS BinxomiB dioTanii B
pazliaJIbLHOMY 3ryIlyBadi

2. Automated system of control of process of sludge thickening and clarification of flotation wastes in radial
thickener

Pedepar:

1. O6'eKT BoCiIKEHHS - TEXHOJIOTIYHI IPOLECH 3TyLIeHHS i OCBITJIEHHS MyJIbIIU B PafliaJIbHOMY 3TyILIyBadyi.
[IpenMeT mOCIiIPKEHHS - aBTOMATM30BaHa CUCTEMA KEPYBaHHS IPOLIECOM 3TYIIEHHS i OCBITJIIEHHS 1IJIaMy B
paziaJbHOMY 3ryllyBadi. MeToau DOCliIKeHH . [Ipy gocCiiI)KeHHAIX BUKOPUCTaHi METOIU T€Opii aBTOMaTUYHOTO
KEPYBaHH$, METOY CUHTE3Y JIiHIMHMX AUCKPETHUX ONTUMAJIbHUX CUCTEM aBTOMATUYHOTO KEPYBAHHS [1pU
HeroBHiN iHdopMariii, Teopii BiporigHocTi i MaTeMaTn4yHOi cTaTUCTUKY. [Ipy ouiHLi BIIMBY 30ypeHbs i ix
XapaKTepPUCTUK BUKOPUCTaHi METOAU Teopii BUNanKoBUX QyHKIiil. [Ipu po3pob1ii aBToOMaTH30BaHOIO POGOYOTO
Mic1ig oneparopa BUKOpuUcTaHi cydacHi merogu SCADA-TexHosoril. HaykoBa HOBU3HA OJlep’KaHUX PE3YJIbTaTIiB

YTouHeHa MaTeMaTUYHa MOJEJb ITPOLIECIB 3ryLIEHHS i OCBITJIE€HHS LIJIAMY SIK 00'€KTy aBTOMAaTUYHOTO KEPYBaHHS,



XapaKTEPUCTUK, L0 BIJIMBAIOTh HA NTAPAMETPU MOJEJI, & TAKOXK OTPUMAaHI aHAJIITUYHI 3aJI€KHOCTI LiJIBHOCTI
3TYIIEHOTr0 MPOAYKTY Bifl HOTO BUTPATH, LIiJIbHOCTI 37IMBY Bif BUTpaTH GJIOKYJISHTY i piBHS 3ryllie-HOro IPOLYKTY
BiJl HABAHTKEHHSI 110 TBEPAiN (a3i, 3aBAsSKM YOMY i BUILY€ETbC ii TOUHICTb. Briepiue 3anponoHoBaHuN METOZ,
aBTOMAaTHUYHOTrO KEPYBaHHS pPafiia/IbHUM 3TylLIyBadyeM, B IKOMY BUKOPHUCTOBYETLCS CTabili3allist piBHA 3TYHIEHOTO
IIPOJYKTY 3MIHOIO ITI0YAaTKOBOT'O HABAHTAXKEHHS, BBEI,EHA KOPEKLis 3a1aHOI IIJIBHOCTI 3TyIIEHOT0 IIPOLYKTY
IIPOMNOPLiMHO IiJIbHOCTI 3JIUBY, & TAKOK KOMIIEHCAIlisl 3MiHM HAaBAaHTKEHHS Ha BXOJ MPOLECY IPONOPLIiNHOK0
BUTPATOIO (PJIOKYJISIHTA i IOTO [O3yBaHHS 32 BiAXMJIEHHSM LIiJIbHOCTI 3/IUBY BiJl 3aBIaHHsL. 3aBISKU LIbOMY
3HIKYETBCS IUCIIEePCis i MiiBUIIYeTbCSI TOUHICTb cTabinisauii 3a1aH01 MiIbHOCTI 3TyI€HOT0 MPOLYKTY i 3/IMBY,
BHIDKYIOTBCSI BUTPATU PJIOKYJISIHTY i, SIK HACJIIOK, TOJIMNIIY€eThCS SIKICTh pOoOOTH NpoLieciB 306arayeHHs. Briepiue
CHHTE30BaHa 11(dpoBa cUCTeMa aalITUBHOIO aBTOMATUYHOI'O KEPyBaHHSI IIPOLIECOM 3TyILIEHHS i OCBITJI€HHS
IJIAaMy Ha OCHOBI IIPMHIMITY CTOXaCTUYHOI €KBiBaJIEH-THOCTI i BiJHOBJIEHHS IUHAMIUYHUX [1ApAMETPiB 00'€KTY 3a
CIIOCTEPEKEHHSIMY, 3aBISIKM YOMY 3a6€311euyeThCsl 3ajaHa SIKiCTh peryoBaHHs. [IpakTUYHe 3HaU€HHS OTPUMAHUX
pe3yJbTaTiB 3allpOIIOHOBAHUY METOM, ABTOMAaTUYHOTO KEPYBAaHHS IIPOLI€COM 3TYIEHHS i OCBITJIIEHHS LIJIaMy
II03BOJISIE€ MiABUILMTY TOYHICTb KEPYBAHHY i, IK HAaCJiJIOK, 3arajabHy €(PEKTHUBHICTb IIPOLIECiB 30araueHHs! i MOXe
OyTV BUKOPUCTAHUH [1JIs1 aBTOMATU3allii iHIMMX iCHYIOUMX i I€PCNEKTUBHUX anapaTiB MOAi6HOro NpHU3HAYEHHSI.
Meropnuka inenTudikauii napameTpiB 06'eKTy B Ipoleci HopMasbHOro GyHKIIOHYBaHHS 403BOJIsIE BUKOHYBaTU
ajanTalilo CUCTEMU NIPY HeCTallioHapHUX NlapaMeTpax 06'eKTy i CTOXaCTUYHUX 30yPEHHSIX, 110 MiIBUIIYEe TOYHICTb
MiZTPUMKMU 1IiIJIbHOCTI 3IyIIEHOTO IPOAYKTY i 371MBY. ABTOMaTU30BaHa CUCTEMA KEPYBAHHA IIPOLECOM 3IYILIEHHS
IIJIAMOBUX BOJ, i OCBiTJIEHHS BigxoziB ¢uoTanii Ha ocHOBi SCADA-TeXHOIOTiI 103BOJIsI€ BUKOHYBATU MOHITOPUHT i
LleHTpasi30BaHe JUCTaHILiiHe KepyBaHHS [IpollecaMy 3 aBTOMaTHU30BaHOTO poHo4oro Micus oneparopa. PesysnbraTi
HAyKOBUX i IPaKTUYHUX JIOCTIiIKEHb JUCepTallifiHOI pOOOTH, aJITOPUTMU 1 IPOrpaMHe 3a0€3I1eUYEHHS CUCTEMU
aBTOMAaTHU3alii 3axMIleHi IaTEHTOM Ha CIOCi0 yNpaBJliHHS IPOL,ECOM 3IYIIEHHS, IPUIHSATI 1O BUKOPUCTAHHS
HAyKOBO-JOCJIiTHUM ITPOEKTHO-KOHCTPYKTOPChKUM iHCTUTYTOM "Ickpa”, TOB HayKOBO-BHPOOHUYUM
nianpruemMcTBoM "ApikoH", a TaKOXX B HaBYaJIbHOMY Ipoleci Kadenpu "CucreMHa imxeHepist" CXifHOyKpaiHCbKOTo
HaLliOHAJILHOTO YHiBepcuTeTy iMeHi Bosiogumupa Jlans B Kypcax jieknin "Teopid aBTOMaTUYHOIO KEPyBaHHS",
"OnrtumarnbHi cucreMu”, "AgantuBHi cucremu yrpasiiHaa" i "SCADA-cucTeMu B yIIpaBIiHHI" 3a HAIIPSMOM
nigrorosku 6.050201 "CucreMHa iHxeHepis", o NiATBEPAKYETbCS BiIOBIZHUMU aKTaMU PO BIIPOBAIKEHHS
pe3yJbTaTiB gucepTaliiiHoi po6oTu. OUikyBaHMI €KOHOMIUHMI e(eKT Bifl BIPOBaJ)KEHHS CUCTEMU Ha 3ryllyBayi 3a
PaxyHOK 30i/IbIIE€HHS BUXOy KOHLeHTpaTy Ha 0,1%, 3H1>KeHHs1 BUTpaT (BJIOKYJISIHTY Ha 32% i CIIO>KMBAaHHSI BOAU HA

10% cxknapae 3a 5 pokiB 471,4 TuC. IpH. 3 TEpMiHOM OKYIHOCTI 4 Mmicsi. ['amy3s BUKOPUCTaHHS - Byryie36aradeHHsl.

2. The object of study - technological processes of condensation and clarification of the pulp in a radial thickener.
The subject of study - an automated process control system of sludge thickening and clarification in the radial
thickener. Research methods. In the studies used the methods of control theory, methods of synthesis of optimal
linear discrete automatic control systems with incomplete information, probability theory and mathematical
statistics. In assessing the impact of disturbances and their characteristics used methods of the theory of random
functions. In designing the workstation operator used modern methods of SCADA-technology. Scientific novelty of
the results Refined mathematical model of sludge thickening and clarifying the object of automatic control, which
is in contrast to the existing account of changes of the solid phase in the pulp thickener in height and its
characteristics that influence the model parameters, as well as the analytical dependence of the sludge from its
flow, density discharge of flocculant consumption and the level of sludge on the load on the solid phase, thereby
increasing its accuracy. For the first time a method for automatic control of a radial thickener, in which the
proposed stabilization of sludge change the initial load, put the correction given density underflow density is
proportional to discharge, as well as compensation for changes in the load on the input process is proportional to
flow rate and flocculant dosing deviation of the density of plum assignments. This reduces variance and increases
the accuracy of stabilization of a given density underflow and discharge, reduces the consumption of flocculant
and, consequently, improves the quality of the enrichment processes. For the first time synthesized digital
adaptive automated control of sludge thickening and clarifying the principle of equivalence and stochastic
reconstruction of the dynamic parameters of the object according to the observations, thereby providing a



specified quality control. The practical significance of the results The proposed method of automatic process
control of sludge thickening and clarifying improves steering precision and, consequently, the overall efficiency of
enrichment processes and can be used to automate other existing and future devices of this use. The method of
parameter identification of the object in the normal functioning of the system allows for adaptation of time-
dependent parameters for the object and the stochastic perturbation, which increases the accuracy to maintain
the density of sludge and drain. ACS sludge thickening process of clarification of waste water and flotation on the
basis of SCADA-technology allows you to monitor and centralized remote control of processes with a workstation
operator. The results of scientific and practical research thesis, algorithms and software automation systems are
protected by a patent for a way to manage the process of condensation, taken in the use of research design
institutes "Iskra", LLC Research and Production Enterprise "Arikon" as well as in the learning process department
"Systems Engineering" East-Ukrainian National University named after Vladimir Dal in the lecture course
"Automatic Control Theory," "Best of", "Adaptive Control Systems" and "SCADA-system management" in the
direction of 6.050201 "Systems Engineering", which is confirmed by the relevant Acts of implementing the results
of the thesis. The expected economic effect of implementing the system at the expense of thickener to increase
the yield of concentrate at 0.1%, reduce the amount of flocculant at 32% and water consumption by 10% over 5
years is 471.4 thousand UAH with a payback period of 4 months. Industry use - coal preparation
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