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Mathematical Modeling of the Process of Biological Purification of Polluted Waters as

an Object of Automatic Control

The assumptions made in the compilation of the mathematical model of the process are given and
justified. The structural-parametric scheme of the technological process of biological treatment of polluted
waters is presented and considered. A mathematical model is given in a differential form and explanations of its
components are given. The input (control) and output (controlled) values of the model along the control action
channel are selected. The expression of the mathematical model in vector form and the expression for the
controlled quantity are given for further facilitating the solution. The linearization of the model is carried out and
its linearized form is given. Expressions of discrete operators of the quality criterion for control of the cleaning
process, fractional regulator and control system are given. The results of numerical simulation of the water
treatment process control system based on the developed model are presented.

The degree of efficiency in the application of fractional regulators as part of the automatic control
system based on classical mathematical model of the process and the reasons for the high sensitivity of
optimality criterion and transients on the order of fractional derivatives and integrals require further research.
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VY crarTi mpuBeneHi pe3yNbTaTH TEOPETUYHHUX MOCITI/HKCHb BIUIMBY TE€OMETPHYHHX IapaMeTpiB
TYKOHAIPSIMHHUKA Ha XapakTep pyXy 4acToK A00pHB 10 HoMy. OOIpYHTOBaHO pallioHAbHI ApaMETpU paiycy
KPHMBU3HU HOTO HIDKHBOT YaCTHMHHM TPH SIKMX 3a0e3MeuyeThCsl He0OXiIHA, MAKCUMAaJIbHO MOXKJIMBA HIBUAKICTH iX
HOJIBOTY O PO3HOALIBEHHKA.

TYKOHANIPAMHMK, Pajiyc KPUBU3HHU, PyX YACTOK J00PUB, TPAEKTOPis MOJBOTY

B.A. JleiikyH, nou. kana. Texd. Hayk, U.U. [laBaenko, mpod., 1-p TexH. Hayk, C.B bouion, marucTpanr
LlenmpanvnoykpauncKuti HAYUOHATLHBIN MeXHUYecKull yHugepcumem, 2. Kponusnuykutil, ¥Yxpauna
Biimsinue napaMeTpoB TYKOHAINIPABUTEJISAA HA CKOPOCTh NOTOKA IPaHyJI y100peHuii

B cratee mpuBENCHBI pE3yNbTaThl TEOPETUYECKUX WCCICIOBAHWN BIHUSHUA T'E€OMETPUYCCKHUX
MapamMeTpoB TYKOHAIpaBHUTENlsi Ha XapakTep JBWKEHHs dacTul] yaoOpeHuid mo Hemy. OOOCHOBaHO
palMoHANIbHBIC MapaMeTpbl pajauyca KPUBU3HBI €ro HIDKHEH YacTH, NpU KOTOPBIX 0OecreunBaeTcs
HeoOXoauMasi, MaKCUMaJIbHO BO3MOYKHAsI CKOPOCTh X TIOJIETa K PaclpeaeIUTeNIO.
TYKOHANIPABUTENb, PAAUYC KPUBHU3HBI, ABHKEHUE YACTHI[ YA00peHHii, TPAeKTOPHS MoJeTa

IlocTranoBka mpoOJjemu. BupoiryBaHHS BHCOKHMX BpOXaiB B POCIMHHHUITBI 0e3
BiJTHOBJICHHSI BMICTY IMOKHBHHX PEUYOBHH B TPYHTAaX MPAKTHYHO HEMOXJIHBO. ONTHUMAIEHO
JOCTYITHUM IIIJISIXOM BHUPIIICHHS JAHOT 3a/aul 3aJUIIAEThCS BHECEHHSI MiHEPAJIbHUX JOOPUB 1
0COOJIMBO BHYTPIIIHBOTPYHTOBE. Ane, 3a OylIb SKHX yMOB, aKTyaJbHUM 3aJIHILIAETHCS
MUATAHHA 1X PIBHOMIPHOTO PO3MOILTY IO TUTOIT.

AHaJi3 ocTaHHIX Aociaikensb i myOuaikaniii. J[anuii MOKa3HUK 3aJEKUTh BiJ PALY
dakTopiB, cepen SKUX TEOMETPUYHI MapaMeTpu TYKOHAINPSIMHHUKA, IO 3aCIyrOBYIOE Ha
ocobnuBy yBary [2, 4, 5]. 3 ogHOoro 60Ky, ioro ¢opma mae OyTH Takorw, MO0 MiHIMaIbLHO
BIUTMBATH Ha TIOTIK MO0OpWB 1 3a0e3medyBaTH iX MaKCHMaJbHY IIBHIKICTH Ha BHXOII, a 3
iHImIoro OO0Ky, HEOOXiHO BpPaXOBYBATH TEXHOJIOTIYHI MOXKJIUBOCTI BHUTOTOBJICHHS Ta
MO>KJIUBICTh KOHCTPYKTHBHOTO TO€AHAHHS 3 PEIITOK €JIEMEHTIB 3aropTarodoro podoo4yoro
oprany. bBuUIBIIICTP TEXHIYHMX PINICHb 3BOAWTHCS JO IOCITIJIOBHOTO  IOETHAHHS
OpSAMOJIIHIMHUX Ta KPUBOJIHIMHMX Horo ainsHoK. HailOinpll AOCTYMHHM BapiaHTOM MOXeE
OyTH TOH, B IKOMY XapaKTep KPUBU3HU 337a€ThC 3HAUCHHSIM PaJIiycy.

IMocranoBka mijieii. 3amaya JOCHIPKCHb TIONATAE y BH3HAYCHHI 3aJICKHOCTI
IIBUJKOCTI TIOTOKY TpaHyJl MiHEpaJbHUX IOOPHB BiJ pajiyCy KPUBHU3HU HMXKHBOI YAaCTHHU
TyKoHanpsiMHUKa. [Ipu 1pomy OakaHOIO yYMOBOIO € HAOMMKEHHS 1O HYJS BEPTHKAIbHOI
CKJIa/IOBOT IIBUJIKOCTI B MOMEHT BUXOJy MaTepiaily 3 TYKOHAIpsIMHHKA.

BukiiageHnsi ocHOBHoro wartepiajdy. Ha migcraBi mnpuBEeIeHUX MOTEPEIHIX
JOCTIPKeHb MPUIIMAEMO TYKOTIPOBIJ, KU CKIAJAETHCS 3 MPSIMOJIHIAHOL NIJITHKH, KA Mae
HAXWJI y BEPTUKAIBHIN TUTOIIKHI i1 KyTOM O Ta KpUBOJIHIAHOI AinsHky paaiycom R (puc. 1)
[3].

PosrnsHemo xapakTep nepemilleHHsl YaCTKH IPaHyJI [0 TaHOMY TYKOHAIPSIMHUKY.

OnTuMalibHy TPAEKTOPII0 PyXy YAaCTKU IO TYKOHAINPSIMHUKY MOKHA HAOJIMKEHO
TIPeCTaBUTH y BUIUISAL ABOX JaHOK (puc. 1): nepma — npamodiniiina (Binpizox) OA , mpyra —
kpusorniniiina AB (Opaxicroxpona). Taka (opMa TyKOHANpPAMHHKA € JOCTYIIHOK ISt
TEXHIUHOT peaJizalii npu po3poOili, a TOJIOBHE, BUTOTOBJICHHI JTAHOTO eJIeMEHTa KOHCTPYKIIii
pobouoro oprasa.
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Pucynoxk 1 — ®dopma TyKoHanpsIMHHUKA.

Omumemo pyx uactku no tpaekropii OAB. Ha npamoniniiiniii namni OA B
npoekuigx Ha oci OSU pyx omucyerses pisusuaam (5, 6)

m§ =mgcosa — fmgsino — ks

abo
. .
S+Es:g(003a— fsina), (1)

ne K — xkoedimieHT onopy moBiTps;

f — xoedimienT TepTs.

PiBusinus (1) — niniiine HeomHOopigHe AudepeHIiaabHe PIBHAHHSA IPYroro MopsiKy.
Moro 3aranbHuii po3B’ 130K Mae BUTIIA

K
LT
s=Ci+Cpe ™ +gi£n(005a— fsina)t, )

ne crauni inTerpyBanss Cq, C, MaloTh 3a/10BOJIBHIATH TPAaHUYHUM YMOBAM:

$(0) =0, $(0) =V,. 3)
3 (2), (3) 3maxoaumo craii
C;,=-C, =—%(g%(com— fsinoc)—Voj. (4)
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[MincraBusmm (3) B (4) i BpaxoByOUH, 110 3 BU3HAYCHHS CHJIU OMOPY MOBITPS CIIAYE
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OTPUMAEMO 3aKOH PYXY YaCTKU Ha MPSIMOTIHIHHIN JaHIi
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Ha kpuBomiHiiHiii (KpyroBiii) JaHIi pyX YaCTKU OMHUCY€ETHCS PIBHSIHHIM
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ne R — paniyc kpuBu3Hu. [lepedmioBm B OCTAHHBOMY PIBHSIHHS JIO IIBUIKOCTI V,
OTPUMAEMO

VAL g%+v— +9v=o (6)
ds ds ds R |V,
Tak sx
do . av ..
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Ta 3pOOUBILY 3aMiHy () = ( , OTPUMAEMO PIBHSIHHS

qdq+fq +&Q—9(C08(p—fsm(p) (8)

do Vi

SKE OIKCYE PyX YacTKUM MO KPYroOBid JIaHI TyKOHAmnpsiMHHUKA. Po3B’s30k piBHsHHs (8)
TIOBMHEH 3a/I0BOJIHSATH TPAHUYHUM yMOBaM

q(0) = ¢(0) =—2, ¢(0) =9, = a., 9)

ne V A — IIBUJKICTb YACTKH B KiHII IPAMOJIIHIHHOT JTAHKH.
3ayBakuMO, LI0 0OpHM 3aJaHMX 3HadyeHHsXx napamerpiB R,H,o xoopaunaru

Xo1 2o, X1, Z1 MarOTh BUTIISA]
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MareMaTiuHi MO, SKi OMUCYIOTh IMPOLEC PYXy TPaHyl] MO TYKOHANPSIMHUKY 1
BU3HAYAIOTh WOTO TPAEKTOPIIO, 37aTHY 3a0€3MEUUTH TOCATHEHHS MaKCHMAJIbHOI IIBHUIKOCTI
rpaHyn Ha BUXOIl V. JO3BOJSIOTH IMPOAHANI3yBaTH 3aJE€KHICTh OCTaHHBOI BiJ pajiycy
KPUBH3HK R HIKHBOI YaCTMHU TYyKOHANpsMHHKA Ta (Di3MKO-MaTeMaTHYHHUX BIACTHBOCTEH
J0OpHB, MpPEACTABICHUX IBUAKICTIO BUTaHHA rpaHyn V, Tak 3 piBasab (5), (6), (8) i
cmiBBinHotens (7), (9), (10) 3a momomororw mporpamuoro 3abesneuenns Mathcad-15
OTPUMAaHO HACTYTHI rpadiuHi 3anexHocTi (puc. 2).
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f=0,2 — xoediwieHT TepTs rpanys 06 Marepian TykoHanpsMHUKa; V=0,1 — mo4yaTKoBa MBHIKICTH
BXOJ/DKEHHSI T'PaHyJl Y TYKOHPOBIJ; 0fm=5 °— KyT HaXWTy IPSIMOJIHIIHOT JUISTHKYA TYKOHANPSIMHUKA
JI0 BepTHKaiIbHOI omuuy; H=0,5 M — BUCOTa TyKOHANpPsIMHUKA

PucyHok 2 — 3ayie)HICTh IIBUIKOCTI MOJBOTY IPaHyJl J0OPHUB HAa BUXOI 3 TYKOHANPSIMHUKA V9
BiJI pajiiyCy KpHBU3HH HOTO HIKHBOT 9acTHHU R [1st pi3HUX miBuaKocTel Butanus 1 — V,= 7 m/c;
2-V,=12 m/c; 3-V,= 17 m/c Ta iHmmx QikCOBAaHUX BUXIIHUX MapaMeTpax

BucnoBku. [IpoBiBimm anami3 rpadiuHoi iHTepHpeTanii JaHuX 3aJeKHOCTEH MOKHA
3pOOUTH BUCHOBOK IpO T, MIO BCi KpHBi, SKi XapaKTEepU3YIOTh MPOLEC NpPU Pi3HUX
IIBUAKOCTSX BUTAHHS V, MAIOTh EKCTPEMYM, KU MPUXOAUTHCS Ha Jiala30H 3HAUYCHb pajiyca
B mexkax 0,03...0,05 m. [ligTBepmKeHHS TOCTOBIPHOCTI JaHUX 3HAYE€Hb MOTPEOy€ MPOBEICHHS
SKCIIEPUMEHTAIIbHUX JOCII/UKEeHb, alle 3 MEBHOIO IMOBIPHICTIO MOXHA CTBEpPKYBaTH, II0
OOIpYHTOBAaHWI Jiama3oH € I[JIKOM JOCTYITHUM JUIsi HOro 3a0e3ledeHHs B pealbHUX
BUPOOHMYMX YMOBaxX 3 ypaxyBaHHSM KOHCTPYKTHBHUX I[apaMeTpiB JIallOBOTO pPoOOYOro
oprasa.
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Influence of Structural Parameters of Fertilizer Delivery Tube is on a Flowrate
Granules of Fertilizers

The research objective is to determine the dependence of the flow velocity of mineral fertilizer granules
on the radius of curvature of the lower part of the fertilizer guide.

In the article the resulted results of theoretical researches of influence of geometrical parameters of
tukoprovodu are on character of motion of parts of fertilizers on him. Grounded rational parameters of radius of
curvature of him underbody which the necessary is provided at, maximally possible speed of their flight to the
distributor.

Having analyzed the graphical interpretation of these dependencies it is possible to conclude that all the
curves that characterize the process at different velocities of the flow V, have an extremum that falls within the
range of radius values within the range of 0.03 ... 0.05 m.
fertilizer delivery tube, radius of curvature, motion of parts of fertilizers, trajectory of motion
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