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3AJIAUI OIITUMIBAIII 3HEBOJJHEHHS TA TPAHYJIIOBAHHS
MIHEPAJIBHUX JOBPUB Y ICEBAO3PIIKEHOMY HIAPI

Pozenanymo saoauy cmamuunoi onmumizayii SHEGOOHEHHA Ma SPAHYIIO8AHHA MIHepATbHUX 000pU8 Y Nceado3pi-
OoKceHOMY wiapi 3a KeaopamudHum kpumepicm axocmi. OOeprcaHo onmuManvHi 3HAYeHHs GUMPAM GUXIOHO20 po3-
YUHY 11 MENJIOHOCIe — NOGIMpsL.
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MocranoBka npodJeMn Ta aHATI3 TOMEPeAHiX AOCTTKeHb. [IpoTsarom ocraHHix 15 pokiB BHACHITOK Ail
KpH30BHUX (DAKTOPIB Y CIIBCHKOMY TOCHOAAPCTBI YKPAiHH CYTTEBO 3pic AeinuT a30THHX, (ocHopHUX, KAmMHHUX 1
KOMIDICKCHHX MiHEpaiXbHUX A0OpuB. [IOBHOIIHHUE YPOskail CITbCHKOTOCIONAPCHKUX KYJIBTYP O€3 BHKOPHCTAHHSI
JOOpHUB Ta CIBO3MIH € MaiDKe HEMOXXIHBHM. JIII BHPIMICHHS arpoCKOJOTIYHUX MPOOJIEM, BiTHOBJICHHA H ITJBH-
IICHHS POFOYOCTI IPYHTIB OCOOIMBY yBAry CIIJ 3BEPHYTH HA BHECCHHS OPTaHIYHOI PEYOBHHHU B IPYHT y (hopmi
CY4YaCHHX ¢()EKTHBHHX KOMIIJICKCHHX OPraHO-MiHEPAJIbHUX JTOOPHB, CKIAJOBHMH KOMIIOHCHTAMH SKHX € OCHOBHIL
€JIEMCHTH MIHEPATFHOTO >KUBJICHHS POCIHH (230T, (hocdop, Kamii), MIKPOJTOMIIIKY Ta OPTaHIYHI T'YMIHOBMICHI pe-
yopuHH (TOp(, canponens, Oype Byriwn). Lle 103BONUTH MOETHATH KOPUCHI BIACTHBOCTI OPTAHIYHUX 1 MIHEPATb-
HUX JOOpPHUB, YHUKHYBIIN HETOMIKIB, XapAKTEPHUX IJII KOYKHOTO 3 HHX. Y TEXHOJOTI] BHUPOOHUITBA MIHEPAIHLHAUX
JOOpHUB OJHIEIO 3 OCHOBHUX CTaAi (JOPMYBAHHS SKOCTI MPOAYKTY € TPAHYIOYTBOPCHHS 3 MOAANBIIO YH OJHOYA-
CHOFO CTaOLTi3aAINER0 CTPYKTYPH (CYIIiHHAM 200 0XO0JIOIKCHHAM) Ta BHAUICHHAM TOBapHOI (pakmii [1]. ¥V daratsox
BHIIAJKAX K EHEProe(DEKTHBHY 3aCTOCOBYIOTH TEXHIKY IICEBIO3PIMKECHHS [2].

IcHY€ HI3KA MIAXOMIB 1O MATEMATHYIHOTO MOICIFOBAHHS 3HEBOJHCHHS TA TPAHY TOBAHHA Y IICEB/I0 3P1IIPKCHOMY
mapi [3]. Jmt 3amavi onTuUMizamii 3amponoOHOBAHO BHKOPHCTOBYBATH MATCMATHYHY MOJCHTbH, IO BPAXOBYE B3a€-
MO3B’ 30K MK PI3HHMH HAPaAMCTPAMH HMPOUECY 3a HATBHOCTI ABOX (DA30BHX NMCPEXOIIB — BHAAJICHHSA PO3YHHHHUKA
Ta YTBOPCHHS MIAPY MIKPOKPHUCTAIB HA IIOBEPXHI rpaHy I [4].

[TpommcioBa excIuyaranis rpaHyJLATOPIB i3 ICEBAO3PLIKCHAM IMAPOM CBITUHTSH, MO0 HAa HAMIHHY poOOTY Takoi
TEXHOJIOTIMHOI CHCTEMH BIUTHBA€E BETHKA KilTbKiCTh YHHHHKIB. IX BIUIMB HA CTIHKICTh POOOTH TEXHONOTIUHOI CHCTE-
MH BHPOOHHUIITBA JOOPUB 13 3aJAHUMH BIACTHBOCTSIMHE JOTEIICP BHBUCHO HE MOBHICTIO. [Tompu Te, mo Aeaxi BUpoO-
HHUITBA MPALFOIOTh MOHAZ 25 POKIB, ONTHMAIbHI PEKUMH BEACHHS TPAHYIFOBAHHS W 3HCBOJTHCHHS HE 3HAWICHI.

MeTo10 CTATTI € TOCTIHKECHHS HETIEPEPBHOTO OE3PEIUKIOBOTO MPOIIECY OJCPKAHHA IPAHYJIbOBAHOTO IPOIY K-
Ty 3aJaHOTO AUCICPCHOTO CKJIAMY Ta OOTOBOPCHHSA PE3yJIbTaTiB CTATHYHOI ONTHMI3AIiil 3HCBOJHCHHA 1 TPAHY IOy T-
BOPCHH! 3 BOJSHHX PO3UMHIB CyIb(aTy aMOHIFO 13 3aCTOCYBAHHIM TPAHYIIATOPA 3 TICEBAO3PIIPKCHIM IIAPOM.

Buxag ocHoBHOTO MaTepiamy. BpaxoByroun npupoAy HpOIECy, JOUIMBHOIO € ONTHMI3AMiA MUIIXOM 3MiHH
BHTPAT MOBITPS i BHBAHTAKCHHS YaCTHHH NPOIYKTY 3 amapara Jjsl MiATPUMAHHS 33JaHOTO Nepenaay THCKY B Iapi
[5]. [TIpomoHy€THCS PO3TILHYTH SIK KEPIBHI BILIMBH BHTPATH MOBITPS i BUXIAHOTO PO3YHHY.

ITix gac aHAMI3Y MPOICCIB, MO CYMPOBOIKYIOTECA (PA30BHM MEPEXOI0M, i3 TOUKH 30PY ONTHMI3ALii, CYTTEBHHA
BIUTMB HA KIHETHKY MPOLECY MAIOTh CHEPIETHYHI MOKA3HUKH. MiHIMI3YIOUH BIIXHIICHHS TEMIICPATyPH MIApy 1 BH-
TPAaT MOTY>KHOCTI HA IPOIIEC, BHOPAHO KBAAPATHIHUI KPUTEPIH SIKOCTI:

1=0.5q(T, ~T2) +0.55G,? +0,55,G,” —>min;
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ae T, 1T, — moTouHa i 3a1aHa TeMIEPaTypH IceBA03pimKeHoro mapy, K; G, i G, — MacoBi BUTPATH TCIIOHOCIA i
PO3UMHY, KI/C; 1y, 2, ¢ — BaroBl KOe(imieHTH.

Sk (hakTOp OOMEKCHHS BHOPAHE YHCIO NMCCBAO3PimKeHRA K, = W,/W,, > 2, me W, — poboya MBUAKICTH TCTI-
TOHOCIA, M/C; Wy, — IMBHAKICTH HOYATKY ICCBAO3PLILKCHHE, M/C.

INepeman TuCKY B IICEBAO3PIAKEHOMY IIapi B 3aradbHOMY BHIAAKY AP = Hy(1 — €)pug, ne Hy — BHCOTA HEpy-
XOMOTO APy, M; & — TOPO3HICTh HEPYXOMOTO HIAPY; Py — TYCTHHA TBEPAMX YACTHHOK, KI/M’; g — MPUCKOPSHHS
CHJIH TSDKIHHA, g = 9,8 M/c? AP < AP < AP, ne AP, 1 AP, — HIKHA 1 BEpXHA MEXI Iiepenaay THCKY, Ia.

Koediuient rpanynoytsopenna y = (G/G,) - 100 % > 90 %, ae G, — NPOAYKTHBHICTH IpaHyJIATOpPA 3a Ipa-
HYJILOBAHHM NPOAYKTOM, KI/C; GG, — BUTpATa CYXHX PEYOBHH, IO HAAXOAATH i3 poOOYMM PO3YHHOM JO IPaHyJIATO-
Pa, Kr/C, € IHTETPAIEHOIO0 XAPAKTCPUCTHKOIO KIHCTHKH MPOLCCY TPaHy TFOBAHHS, \ > 90 %,

3a CTamiOHAPHOTO MPOLECY TCINIO- H MAacOOOMIHY, IO MAa€ MICHC I Yac 3HCBOJHCHHS M TPAHYJFOBAHHA Y
TICCBAO3PIHKCHOMY Mapi:

— teroBuit 6amanc 3a nositpam: G.C (I -1 )—ok (1" —T,)=0, ae C, — mo4yaTKOBAa MUTOMA MAcOBa TEIl-
ToemMHICTh Termonocis, Jix/(xr - K); 7, i 7,/ — moyarkoBa # KiHIeBa TeMmeparypu Tertonocis, K; o — xoedimient
TEIIOBiAAYl Bi TemmoHocis g0 rpany, Br/(m® - K); F — mioma moBepxHi KOHTAKTY (a3 y TCEBIO3PiIKEHOMY
mapi, M

— TennoBwmit 6azanc wactmrok mapy: of (1. —1.)—B(M,F,)/(RT,),Ap+G,CT, -G x,0, = 0. a¢ B — xoe-
(imient Macosimgaui, kr/(M° - ¢); M, — MOTEKY APHA MACA BOIH, KI/MOJb; Fy, — IIOIIA TIOBEPXHi YACTHHOK y IIAP,
M* R — ymiBepcanbHa rasosa crama, Jx/(moms - K); C — muTOMa MAacoBa TEIIOEMHICTh MaTepiaxy rpaHyIiH,
Jow/(xr - K); 77 1 7, — Temmeparypu TeIonocis it pozunny, K; Ap=¢&1 —&,T - pisHHIA MapLialbHEX THCKIB,
Ia; & 1 & — ymcn0Bi KOS (PilieRTH; X, — MACOBA YACTKA CYXHX PCUOBHH Y POOOUOMY PO3uMHi; O — TCIIOTA KPUCTa-
mizanii, JLK/KT; r;, — THTOMA TETJI0TA MAPOYTBOPEHHSL, JLK/KT.

[NeperBopuMo 33124y YMOBHOI ONTHMI3alii B OE3yMOBHY 3a JOIIOMOTOI0 MHOKHHKIB Jlarpamka:

L=0.5q(T, ~T2) +0.55G,> +0,55,G, +2, (G,C, (1" - 1,7 )~ (1,7 - T,,) ) +

+x2[aF(THK—Tm)—|3 M,dAL, grn(éle—QZTHK)-l—GPCTP—GPxPQKJ—i-p[ ! ! j

— +
RT,(1-¢)p, Ap—Ap, Ap-—Ap,
ne L — ¢ynukis Jlarpamka, Ay, A, — MHOKHUKH Jlarpamka.

OOMeskeHHS Ha KepyBaHH BPaxoBaHi 3a JoromMororo mrpaduux gyukuii. HeoOXiaHI yMOBH ONITHMANBHOCTI:

oL M. d
O o 3 (G.C,+0F) +1uF =0, 2o = q (T, ~ T2 )+ 20F +., o - IMuBuld e
ory or, PgRT, (1-¢)
YacTuHHI TIOXIJHI 332 KEPYBaHHAM:
oL _,.G +A4C, (17 -T7) oL _.q rx 0, +4,CT (1)
A 1n n\fn "o Jo & T YT M K 2 :
aGH 6Gp P P PP
3aga4y OaraTomapaMeTpHYHOI ONTHUMI3ALii PO3B I3aHO 3 BUKOPHUCTAHHSIM I'PAIi€HTHOTO IOIIYKY :
GfI:G;‘—kla—i,GjlzG;—kza—LK, )
oG oGy

e ki, k; — KpOKH TpaJi€HTHOI POICIYPH.

PeamizyemMo anroputM po3paxyHKY 3aJa4i CTATHYHOI ONTHMI3AI] 34 TOTIOMOTOI0 TPAIi€HTHOL MPOIICIYPH:

OOuHCIFEMO YeProBe 3HAYCHHA KePIBHUMX BIUIMBIB (7, Gy, I3 piBHanna A G, Gy) = 0 Bu3Havaemo 15, 7. 3Ha-
XOJAUMO MHOYKHHKH Jlarpan»xa:

31
|t i 272 :
GHCHJ'_(XF aF_,’_ BMBApmdrn = U’F
p.gRT, (1-8) 7 G,C,+aF

3HAXOIMMO YACTHHHI MOXiTHI 32 BEKTOpoM KepyBaHHA (1). OOYHCIIFOEMO UCPTrOBi 3HAUCHHS BEKTOPA 32 Tpamie-
HTHOIO Tpoueayporo (2). [TocmiaoBHICTh TOBTOPOEMO. SIKIIO KPUTEPiH AKOCTI HE 3MIHIOETBCA BiJ iTepaii A0 ite-
pauii, 00YHCICHHS MPUITHHAEMO.
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Korniyenko B. Y.

OPTIMIZATION PROBLEMS OF DEHYDRATION AND GRANULATION OF FERTILIZERS
IN FLUIDIZED BED

Commercial operation of pellet fluidized bed shows that the reliable operation of such a technological system af-
Jects a large number of factors. Their impact on the stability of a technological system for the production of fertiliz-
ers with desired properties is still not investigated in full. Despite the fact that some production work for over
25 years, the optimal regime of granulation and drying processes to be found.

The aim of the paper is to investigate the process of obtaining continuous granulated product of a given dispersion
composition. The results of static optimization of the process of dehydration and granulation with water solutions of
ammonium sulfate using fluid bed granulator are considered.

There are many approaches to the optimization problem. Given the nature of the process optimization is feasible by
changing the air flow and discharge of the product from the apparatus to maintain a given pressure drop in the
reservoir. Chance of a different formulation of the optimization problem is show. It is proposed to consider air flow
control actions and the cost of the initial solution.

In the analysis of processes involving phase transition, in terms of optimization, a material effect on the kinetics of
the process with energy performance. Minimizing temperature deviation layer and spending power to carry out the
process, was chosen as a quadratic criterion.

The application of static optimization by quadratic quality criterion to determine the effect of temperature on energy
efficient process parameters is considered. To ensure the sustainability of the load for a working solution must ade-
quately increase the temperature of the coolant at the inlet to the machine. Increasing the mass flow of liquid
agent — coolant spending limit at which the rate of coolant in the machine is equal to the minimum rate of removal
of particles.

Solution of the problem connected static optimization by quadratic quality criterion. Temperature dependence of the
layer of control actions showed the presence of pronounced local minima. Optimum values of the original cost of
the solution and coolant — air.

Keywords: optimization, fluidized bed, dehydration, granulation
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