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MocranoBka npodJemn. B cydacHEX yMOBaxX IIMPOKO 3aCTOCOBYIOTHCS TEXHOJIOTI IS ONEPKAaHHS TBEPIUX
KOMIIO3HTIB 13 3aJaHAMH BJIACTHBOCTAMH, fSKi MAOTh BIANOBIZHY MOP(OIOTIFO, mO 3a0€3meuye pPiBHOMIPHE
PO3MOUICHHS MiHEPAJIbHUX TA OPTAHIYHIX KOMIIOHEHTIB IO BChOMY 00’ €My TBepAoi yacTHHKH. Ha mymKy aBropis
[1] B 3amexHOCTI Big CmocoOy BBEACHHA POOOUOTO PO3YHHY, BIACTHBOCTCH KOMIIOHCHTIB Ta 1HTCHCHBHOCTI
TEIUIOOOMIHHUX TIPOIICCIB MOKHA OJEPKATH TBEPAl YACTHHKH i3 IIUIBHOIO, MOPHCTOX0, «MAIHHONOAIOHOK0» abo
«TOPOMOAIOHO¥0» CTPYKTYPOr0. EQEKTHBHICTh TAKMX IPOIECIB BH3HAYAETHCH KOCQIIEHTOM TPAHYIOYTBOPCHHSL,
SIKMH TIOKA3y€ YaCTKy CYXHX PEYOBHH fAKI HAAXOIATh B amapaT 3 poOOYMM PO3ZYMHOM 1 TPAHCPOPMYIOTHCS B
rpaHyJIbOBAaHUN MPOAYKT. Lleil mapaMeTp BUBHAYAETHCS:

e TigpoauHAMIMHMM pPEKHMOM IICEBAO 3PIKCHHS, SKHH 3abe3medye c(eKTHBHE NPOTIKAHHA TEIUIO-

MacoOOMIHHHX MPOLIECiB
e (CmocoboM BBeACHHSA Piakoi (pasw (TOMOTCHHOI ab0 TETCPOTCHHOI), KA MO CYTI BH3HAYAE MCXAHI3M
TPaHy IOy TBOPCHHSL.

Inpoxmit miama30H BIACTHBOCTEH KOMIIOHEHTIB B PiAKiH (a3i, peonoriuni Ta (Pi3MKO-XiMIUHI BIACTHBOCTI
BH3HAYAFOTh BEIHKHH CEKTOP CIOCO0IB KOHCTPYKIiH Auctiepraropis [1].

B ocranHi poku A7 BOPOBAMKCHHS IMPHHIMIIB CTAIOTO PO3BUTKY HIONO PAIIOHATBHOTO 3EMICKOPHCTYBAHHSI
AKTYaJIbHIM HAYKOBO-TCXHIYHUM 3aBJAHHAM CTAlI0 CTBOPESHHS OPAHO — MiHEPAJbHUX JOOPHB HOBOTO MOKOJIHHSA 1
CHPOBHHA, IO € BIAXOJAMH XiMITHOI Ta XapUOBOi MPOMHCIOBOCTI.

TobT0 10 BOXHMX PO3UHMHIB CyIb(aTy aMOHIIO, IO YTBOPIOETHCS IPH BHPOOHHUITBI KANPOJIAKTAMY JOJAFOTH
TYMIHOBI PEYOBHHH Ta IHIII MOYKHBHI PSUOBHHH 30KPEMA KICTSHE OOPOIIHO B PO3YHHCHOMY 200 CYCIICHIOBAHOMY
BHTJLIII, SIKI NPH TPAHYIFOBAHHI B IICEBAO3PIPKCHOMY INApi JO03BOBIFOTH OJCPKATH TPOAYKTH 3 IOIMAPOBOIO
CTPYKTYPOIO.

Jlo OCHOBHHX BMMOT TPAHYIbOBAHHX T'YMIHO—MIHCPAIBHHUX TOOPHB BIAHOCHTHCS PIBHOMIPHE PO3IOIIICHHS
TYMIHOBHX PCUYOBHH V BHIJIAI KOJOIAHHX YACTHHOK 10 BCHOMY 00 €My TpPaHYJ BMICT AKHX HC IICPCBHILYE
2 % (Mac.)

Ananiz monepeanix gocjikens. B podorax [2] HaBeaeHi pi3HI criocodm moxavi OAHOPIAHOI piakoi dasm 3a
JIOTIOMOTOI0 Pi3HOTO THIY (DOPCYHOK PO3TAMIOBAHUX HAZ a00 Y mMapi 3¢pHACTOTO MaTepiay.

[IpoTe Takwii MPOLECC TPAHYIOYTBOPCHHA € CTOXACTHYHHM B SKOMY YACTIIIC PEai3y€eThCH ArIOMEPALiHHUI
MEXaHI3M 1 TOMY BUKOPHCTOBY€ThCS IIPH 3HEBOJHEHHI MOHOCHCTEM.

AHaTOTIYHAH PE3yIbTAaT JOCATAETHCS MPH 3aCTOCY BAHHSI MEXAHIYHUX BHCOKOIIBHIKICHHX AMCIEPraTopis, sKi
BCTAHOBJIFOFOTHCA HAJT IIAPOM 3CPHUCTOTO MaTepiany [2].

Jns 3a0e3meueHH MOMAapoBOr0 MEXaHI3My TPAHYIOYTBOPCHHS B 0araTb0X BUIIAAKAX 3aCTOCOBYIOTh « Wurnts»
TEXHOJIOTIIO, SIKA TOJBITA€ V PO3TAINYBAHHI B amapari 3 IICEBAO3PIIKCHAM IIAPOM BEPTHKAIBHUX TPYO depes sKi
3OIHCHIOETHCS HATIPABIICHA U PKY LIS 36PHICTOTO MaTepiany B PeXKHMi ITHEBMOTPAHCIIOPTY.

B HmwxHIH YacTHHI TPpyOM KOakciadbHO posTamoBaHa (OpPCYHKA A po3muicHHS pinkoi ¢azm. Ha mymky
aBTOpiB [4] peonorivuHi BIACTHBOCTI Takoi AuCHepcii AEIO MOTIPIIYETHCH, HETAaTHBHO BIDIMBAE HA CTIHKICTH
mpouecy. ToMy amia 3a0e3neucHHA 3aAAHOI MPOAYKTHBHOCTI YHCIO TAKHX CHCTEM 301IbImyeThca. B peampHMX
YMOBaX ¢ YCKIATHIOE KOHTPOJIb 32 POOOTOX0 OKPEMHX OJIOKIB TUCTICPTYBAHHA, a A1 POSNOALUICHHS TCTCPOTCHHIX
CHCTCM B3araji € HempUHHATHOK. OKpIM TOTO, TPH TAKOMYy CHOCOOI BBCACHHA Piakoi (pasH CyTTEBO 3pOCTaE
JOKAILHUN PH3HK IIEPE3BOJOKCHHS TBEPANUX YACTHHOK, TOMY II0 KOHIICHTPAMISA TBEPAMX YACTHHOK ¥ BHCXITHOMY
BEPTUKAIBHOMY MOTOII B PSXKHMI ITHEBMOTPAHCIIOPTY € MIHIMAJIBHOIO (TIOPO3HICTS € > 0.8).
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Pa3oM 3 THM B TakmX amaparax MAa€ MICIC HECAOCTATHA IHTCHCHBHICTh ICPCMIINYBAHHA, 4 OT/KC HC TMOBHC
BHKOPHCTAHHSI ICHYIOUO1 MOBEPXHI 3ePHUCTOTO MATEPIiany B MPOIECaX TEILIO-MACOOOMIHY.

Mertoro mi€i crarti OyJ0 BU3HAUCHHS BILIMBY MCXAHIYHOTO JUCICPraTopa HA TEMIIEPATYPHE PO3MOILICHHSA
TIPH OJCPKAHHI TYMIHOBO-a30THHX JOOPHB 3 MOIIAPOBOKO CTPYKTYPOIO.

Buriax ocHoBHOTo Marepiaiay. B podorax [3] BH3HAYCHI YMOBH peamizamii CTPYMCHCBO-IYIBCAIIHHOTO
PSKAMY TICCBIO3PIKCHHSA B ABTOKOJIHBAIGHOMY PCKAMI, SKHH 3a0e3meuye 3 dactororo 1,6-1,9 T iHTCHCHBHE
TIEPEMIIIYBAHHS 36PHICTOTO MaTEpiay B MIapi MUBIXOM BUHECEHHS 10 45% Macy nmiapw 3a Me)ki OYaTKOBOTO Iapy.

ITposeneni mocmimkeHHA [3] moka3amu, B poOOMOMY PEKHUMI CTPYMEHEBO ITyJIbCALIHHOTO IICEBIO3PIIKCHHS B
anapari pucyHOK 1, MOYHA BUIUTUTH 3 TOYKH 30PY T1IPOJIAHAMIKH.

I — 30Ha HEBXIZHOTO PYXY 3CPHHUCTOTO MATCPialy B AKY 3aBIAKH ACHMCTPHIHOTO BBCACHHIO TCIIOHOCIS
(3pImMKYIOIOTO are¢HTY) BiAOYBAETHCHA MCPEMIIICHHS 3CPHACTOTO MATCpialy BHACITIAOK iHCPUHIHHOTO BHHCCCHHA i3
3onum 11 i Il y BepxHiit wactuHi 30Hu 1. [Topo3HICTh mapy B Lili 30HI MPAKTHIHO € CTANOI0 & = & = 0,4, TOMy MmO
BHCOTA IIAPY B IIcH MOMEHT 301mbmmyeThes B (1,7+2)Hj.

II — mexxoBa 30HA B sIKiH BIAOYBaeThCA 3D mepeMimiyBaHH 36pPHUCTOTO MaTepialy BHACIIIOK PYXY BHACITIIOK PyXY
ra30BUX OyJIHOAINOK Ta MEPEMIIICHb HA iX MICIIe 3epPHHUCTOTO Marepiany B OCHOBHOMY 13 30HH I. [Topo3HicTh B miH 30H1
3MIHFOETHCS TUKITYHO & = 0,45 —0,68—0,45. B cepeanni miei 30mu Ha BuCOT; 0,45H, Big mosepxHi [ PIT posrarmosanmii
MEXaHIYHUH AUCTICPraTop, KOHIYHOTO THILy 3 posMipamu Dg = 80 MM, D, = 40 MM Ta 10B)HHOO 47 MM.

IIT — B 30H] 3 BiIOYBAETHCI aKTUBHE 00 €THAHHSA TA30BHX CTPYMCEHIB, O BuxoxaTh 3 ['PII i mpm3soauTs 10
YTBOPEHHS Ta30B0i OyIb0AIIKH B MOMEHT IIOYATKY PYXY ra30Boi OyIb0aIIKy y BEPTHKAIBHOMY HAIPAMKY ii 00’ €M
MPAKTHYHO MOBHICTIO 3aMOBHIOE TiepeTrH 30HU 11, mo mpu3BOaUTE IO IHEPIHHOTO BUHECCHHS 3HAYHOI KLTBKOCTL
3CPHECTOTO MaTepiajay B HAAIMAPOBHH MPOCTIp, HMPH B3a€MOAII i3 BCTABKOK 4, mepeMimyetscs B 30HY . Takum
yuHOM B 30HI Il yTBOpIOETBCS AKTHBHMH BHCXITHHH PyX 3CpHHCTOTO MaTepiamy, SKHH XapaKTCpPH3YETHCS
OUKJTIYHOKO 3MiHOKO TOPO3HOCTI €= 0,45 +0,75.

|
|
|

®! ®

e=04 04<e<0,

1 — Ta30pO3MOALTBEYHIT IPUCTPIiL, 2 — KaMepa TPAHYITOPa, 3 — MCXAHIYHAHN AUCTICPTaTop, 4 — HAMPABIIIFOYA BCTABKA
A — momaya Harpitoro TeroHocis, B — mogaua pinkoi ¢azu mo aucneprartopa, C — BiABEACHHS BIAMPALOBAHOTO
TEIUTOHOCIS 13 ICEBA03PIKEHOT0 mapy, Hy — BHCOTa MOYAaTKOBOTO HEPYXOMOTO MIApy B amapari

Puc. 1 - Cxema B3a€MOJIT TA30BOT0 CYMIEHOTO CEPEIOBHUINA i3 3¢PHUCTHM MaTEpiaiom
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TpuBamcTs DUKITY 3HAXOOUTHCS B MeKax 0,56<1,<1,0 c. B 3a5e;KHOCTI Bix mo4aTKOBOi BUCOTH mmapy Hy

BpaxoByroun xapakTep pyxy 3€pHa Marepialy B amapaTti HampsaM OOCPTaHHA MEXAHIYHOTO AWCIEPraTropa
CHIBIATAE 3 HATPAMOM IHPKYJIALIT 3¢PHACTOTO MATEPiay B KAMEpPi TPAHYIITOPA.

Jocmian mpoBOAMINCEH B aMapari, o Mae XapakTep napaneienineaa 3 posmipamu AxBxH = 0,3x0,1x1,2 m.

[NomepenHiMI TOCTIIKEHHAME BCTAHOBJICHO, IO OLNBIN PIBHOMIPHE PO3MOIITCHHS PIAMHHU IO AOBXXKUHI Mae
KOHIYHHI JUCTIEPTaTop THIY 2 3 BIAOIHHUMY KiNBISIMHA BHKOHAHUH 3 HEPKABIFOUOI CTANI PUCYHOK 2.

Ha pucynky 2 xapaxrep poOOTH AMCTICPTYBAHHSA HA CKCIICPHMCHTAIBHOMY CTCHI TPH JHIHHIA MIBHIKOCTI
KpaHKH JUcTiepratopa w, = 9 M/C, sSIka 3MEHILY €ThCSI IPOTIOPIIHHO 13 3MEHINCHHIM PaAiyCy BIAOIHHUX KiJCHb.

[

- Op

6)

a — KOHCTPYKIILS, O — 3araJbHUH BHTILL, B — XapakTep JUCIECPTYBAHHS IpH podounx pexumax n= 60 1/c; I',=0,3 %

Puc. 2 — Mexaniyanii fucneparTop KOHIMHOTO THITY
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Pigka ¢aza npu momadi yepes3 TpyOKy 2 PO3MOAIIOTHCS I JI€F0 BIALEHTPOBOI CHUIM ¥ BUIJLAAL IUTBKH IO
BHYTPINIHIN IOBEPXHI AMCHIEPraTropa, SKka HYacTKOBO IPH IOTPAIUIIHHI 70 OTBOPIB MPOXOJWTh HA 3OBHIIIHIO
TMOBCPXHIO AWCIICPTaTopa Ta PO3SMHIIIOETHCA B 30BHIMMHIO 30HY 3pomeHHa 3.3, pucynok 3. Jmcmeprarop
3HAXOJUTHCS B CEPEIUHI NICEBAO3PIHKEHOTO APy 1 TOMY 3€PHHCTHH Marepiat 3alOBHIOE YaCTHHY JUCTICPraTtopa
skui  obepraerbca. [lpm mpoMy TpaHymHm sKi Oe3MOCEpEIHBO KOHTAKTYIOTh 13 BHYTPIIIHBOIO IIOBEPXHEIO
JUCTIEPraToOpa YaCcTKOBO IOTIMHAFOTH PIAKY (asy 1 mix Ai€ro BiAICHTPOBOI CHIM BHBOIATHCA 3 Yallll AUCIEPraropa
B TOPH30HTAJIBHOMY HATPSMY.

1 — mepenHs Ta 3a0HA CTIHKA anapary, 2 — TpyOKa mogadi pinkoi gasw, 3 — MCXaHITHHE quCnepraTop, 3.3 — 30BHIIIHI
30HA 3POMICHHS MEXAHIMHOTO Juctiepraropa, B3 — 30Ha IpKyJBILii 3epHACTOTO MaTepiany v BHYTPILIHIH 30HI JUCTIEpraropa.

Puc. 3 — Cxema pyxy 3¢pHHCTOT0 MATEPiajay B 30Hi 3POMICHHS

B ocHOBY MaTeMaTHdIHOI MOZAETI TEIUIOOOMIHHY MOKIAICHO PIBHSHHS aBTOPIB [5], sIke TOMOBHEHO BHTPAaTAMH
eHeprii Ha mixirpis piakoi a3y, IO 3HAXOIUTHCS HAa MOBEPXHI TPAHYJ Y BUIJBLAL IUTIBKH, IO TEMIICPATYPH KHUITIHHS
Ta BUTPATH HA BHMAPOBYBAHHSA PO3YMHHWKA. TOXi PIBHAHHA TCILIOBOTO OAmaHCY IS Ta30BOTO TCIUIOHOCIA
3aIMACY€THCSA Y BUTILIL:
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BignosinHo 10 monepeaHiX TOCTIHKEHb Ynco PeiHoabaca
pe= L8 25107 s 200
¢=2717-106 0T
Ty=002-103=20-10"%Tla-c
Pgs=129-—=2_ = 0,735

273+95

J —6
2000 — 27,17 -1076
0,735

V:ﬁ:
p

Tozi po3paxyHok ymcita HyccenpTa IpoBOAMMO 32 HACTYITHOIO (OPMYJIOF0, TIPH R—: > 200

Re
Nu = 0,4(?)0'67 - pr933

PesynbraT po3paxyHKy 3MiHH TEMIICPATypH IIAapy HABEICHI HA PHCYHKY 5.

Jocnian mposoamnuch npu 3HeBoaHEHH] 40% (Mac) po3uuHy Cyib(daTy i3 BMICTOM TYMIHOBHX Pe4oBHH 10 2%
TI0 BITHOIICHHIO A0 CYXHX PCUOBHH.

B sAKOCTI TIOYATKOBUX NEHTPiB TPAHYJLILIi BUKOPHUCTOBYBAMCH KpHCTamu cyibdary amonioo 3 d. = 1,5 mm.
Temmeparypa TemnoHOCIA HA BXoai cranosmaa 160 °C, temneparypa mapy Ty, = 95 £2 °C. TlogarkoBa BHCOTA APy
3eprucTOro Marepiany Hy= 0,32 M. BumiproBasHS TeMIeparyp nMpoBOAMIOCH Oe3iHepuiiHmmM Tepmonapamu XK 3
KOMIT FOTCPHOKO CHCTEMOIO 13 3aCTOCYBAaHHAM MPoTpaMHOTo cepeaoBumma Cobwile.

KepyBaHHS mpo1IeCcy MPOBOIHIINCH 3a MOKA3HHKAMH TCPMOTIAPH B XapakTepUCTHUHIH Toumi. X =250, Y =40, Z
= 220 i miaTpuMmyBanuch Ha pisHi 95 £2 °C. Pe3yapTaTé BUMIPIOBAHHS 3MiHHM TEMIICPATYPH IO BUCOTI amapary o
cepenHiil BEpTHKANBbHIN IJIOIKHI MPH 3HAYCHHI Y = 55 HaBEICHO HA PUCYHKY 4.

73

T4

Puc. 4 — Cxema po3mimenHst TepMoTIap B KaMepi rpaHysiTopa eKCnepuMeHTATHLHOT YCTAHOBKH
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Koopaurarn ToHMOK BUMIpY TepMoOnap HaBeACHHI B Tadmmi 1.

Taomms 1 — KoopamaaT TOMOK BUMIPY TepMonap

Puc. 5 — 3mina TemMmeparypu TENnJI0HOCIsI 110 BHCOTi anmapara

YMOBHI IO3HAYCHHSA
€ — MMOPO3HICTH APy YaCTKH Tazy
P, — TYCTHHA Ta3y, Ke/M
P, — TYCTHHA TPAHY L, Ke/M°
T, — remnepaTypa Temwnonociq, K;
T,— Temmneparypa rpany, K;
K/hx

KK
K/hx

Kr-K

C. — TCIIOEMHICTH T3y,

C, — TCIUTOEMHICTD TPAHYI,

g
H M
W, - IIBHIKICTE Tasy, —
. M
W, - IIBUAKICTh PYXY TBEPAHUX YACTHHOK, —;
C

5 g 7 53 3 Bt
o— I(OG(I)II.[ICHT TCIIOBLAAA'1 Bl Ta3y A0 MOBCPXHI T'PAHY JI, m;
a ko . 2.
F- TIOBCPXHA TPAHYJI B IIAP1 HA 3aJaHIH BUCOT1, M

a — Koe(ili€HT TEMIIEPATyPOIPOBITHOCTI,

Homep Koopaunatu
TEPMONIAPU X Y Z
T1 0...110 55 220
T2 300...190 55 220
T3 100 0...110 220
T4 200 0...110 220
T5 150 110...0 210
T10 150 110...0 270
TI11 150 110...0 170
480
460
8 440
<
=
Z: 420
<
g
2 400
E
= 380
360 —— u i : =9
340
320
0 100 200 300 400 500 600 700 800
Bucora anmapara, Mmm
LocnigHi paHi === P0o3paxyHKOBIi AaHi
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BucnoBkn. 3acTOCYBaHHS 3ampPOIIOHOBAHOTO MEXAHIYHOTO JMCIEPraropa Ml BBEACHHA pigkoi ¢azm
JO3BOJIMIIO 30UIBIIMTH PIBHOMIPHICTH PO3MOJUICHHS 1 BIAMOBIIHO 3MCHIIMTH OONACTh 30HH 3 TEMIICPATYPOIO
aucTepcii OMHM3BKOI0 T0 TEMIICPATYPH MOKPOTO TepMOMeTpa. B pesyapraTi HaBiTh mpu 3HaUeHHA Re = 160--180
KOe(ILiEHT TpaHy TOYTBOPEHHA ¥ > 88 %.
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Kornienko Ya. M., Liubeka A. M., Denysenko V. R.
MATHEMATICAL MODELING OF THE TEMPERATURE FIELD IN A FLUIDIZED BED APPARATUS

The technique for studying the temperature field during granulation of humic-mineral fertilizers have been
proposed by authors, as well as developing a thermocouple card to determine the temperature change by the height
of the apparatus. In this work, the conditions for the implementation of the jet-pulsating regime of fluidization in the
autoclaving mode are determined, which ensures intense mixing of the granular material in the layer by passing up
to 45% of the mass of the layer beyond the boundary of the initial layer.

In general, the proposed mechanical dispersant for introducing a liquid phase has increased the uniform
distribution and, accordingly, reduced the area of the zone with a dispersion temperature close to the temperature
of the wet thermometer. As a result, even with a value of Re = 160 180, the granulation coefficient yr > 88%.

The technique for studying the temperature field during granulation of humic-mineral fertilizers have been
proposed by authors, as well as developing a thermocouple card to determine the temperature change by the height
of the apparatus.

Keywords: dispersant, particle, granulation, fluidization layer, distribution.
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