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AHomayisn: Asmopamu HageOeHHi pe3yibmamu eKcnepuMeHmanbHUX 00CAi0HCeHb Npoyecie 2paHyn0ymeopeHHsl CKAaOHUX
2emepozeHHUX cucmeM 0751 00epHCAHHSI 2yMiHO-MiHepaabHUX KoMno3umie 3 nowaposoto cmpykmypoto. IIpu 3acmocyeauHi
OpURIHANBbHOI KOHCMPYKUYiT 8i0YeHMpPo8o20 MexaHiuHo20 ducnepeamopa. SIkuti 3abe3neuug 36iAbWeHHs1 30HU OUCNepP2y8aHHs i
nidguwjug ecpekmugHicmb npouyecy menao-macoodOMiHHy. Jocniou npoesoounuch i3 3acmocy8aHHIM Memody CmpyMeHego-
ny/nbCcayitiHoezo ncego003piodiceHHs1 8 A8MOKOMUBANbHOMY pedcuMi sikull cmeopumb 30iblueHy 30Hy [HMEHCUBHO20 menao-
macoobmiHy ecepeduHi anapamy. ITouamkogumu yeHmpamu 2paHyasyii Oyau epaynu cyabgpamy amoHisi 3 domiwKamu
2yMiHOBUX peuoBuH . B cepeduHi wapy ecmaHoeneHull MexaiuHuil ducnepeamop KoHiuHo2o muny. Maca wapy e npoyeci
pobomu niompumyeanacb NOCMIlHOW WLISXOM BUBAHMANCEHHS 2PAHY/Ib08aHO20 npodykniy. Ilepenad mucky 6 wapi
8UMIpIOBABCS 3a 0ONOMO20I0 800IHO20 OumaHoMempa, a memnepamypa — KOMNIOmMepHo-iHhopmayiliHum Komnaekcom 3
mounicmio 0,5 °C. Po3pobneHa kapma mpekie mepmonap, no napaneabHum nAOWUHHAM, 0451 NPOBEOEHHO O0CAI0NHCEeHHS
memnepamypHo2o no/isi 8 pobouili 30Hi MexaHiuHo20 duchepeamopd. 3anponoHO8aHa MAmMeMamuuyHa Modelb npoyecy
3HEBOOHEHHS1 ma 2paHyasayii, Wo 8paxosye eumpamu eHepeil HA BUNApo8y8AHHsI 60/02U Npu 3HEBOOHeHHI ma
2paHy/n0ymeopeHHi, a0dekeamHo Onucye npoyec npu 3dCmMocy8aHHi CMpyMeHe8o-NyAbCayiliHo20 pexcumy ncesoo3pioHceHHs.
IMopieHsabHUll aHaniz 00800uUMb BUCOKY 30idCHICMb ycepeOHeHUX 3HaueHHsl meMnepanypHo20 No/s ma 3Ha4eHb OMpPUMAHUX
npu po3paxyHky mamemamuyHoi modeni npu peanizayii cmpymeHego-nyabcayitivo2o nceg003piodiceHHs1 8 ABMOKOAUBANLHOMY
pedcuMi 3 3aCMOCOBAHHAM KOHIUHO20 ducnepzamopd. BusHaueHo memnepamypy npu siKili peanizyembcsi cmilikuil npoyec
epaHyaayii npu nidguujeHoMy NUMOMOMY HABAHMAMCEHHI 3d 80102010 8 anapami 8 yiaomy.

Annotation: The authors present the results of experimental studies of granulose formation processes of complex
heterogeneous systems for obtaining mineral composites with a layer structure. When applying the original design of a
centrifugal mechanical dispersant. Which provided an increase in the dispersion zone and increased the efficiency of the heat-
mass exchange process. Experiments were carried out with the application of the method of jet-pulsed fluidization in an
autoclaving mode, which would create a fusion zone of intense heat-mass transfer inside the apparatus. The initial centers of
granulation were granules of ammonium sulfate with impurities of humic substances. In the middle of the layer is a
mechanical dispersant conical type. The mass of the layer in the process of operation was maintained constant by unloading
the granular product. The pressure difference in the layer was measured with the help of a water difmomanometer, and the
temperature was a computer-information system with an accuracy of 0.5 °C. A map of thermo-steam tracks, parallel to the
plane, was developed for conducting a study of the temperature field in the working zone of a mechanical dispersant. The
mathematical model of the process of dehydration and granulation, which takes into account the energy consumption for
moisture evaporation under dehydration and granular formation, is adequately described by the application of the jet-
pulsating mode of fluidization. The comparative analysis proves the high convergence of the averaged values of the
temperature field and the values obtained when calculating the mathematical model for the implementation of jet-pulsed
pseudo-fluidization in an autoclaving mode with the use of a conical dispersant. The temperature at which a stable
granulation process is implemented at a high specific load on moisture in the apparatus as a whole is determined.

KirouoBi c/10Ba: MexaHiuHMI AKCIiepraTop, TeMIiepaTypHe 1oe, HeoIHOpiiHe TICeB03piPKeHHsI, PO3IO/ieHHs
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Bcryn

B cywacHuMXx yMoOBax IIMPOKO 3aCTOCOBYHOTbCS TEXHOJOrIl [/ Ofiep>KaHHS TBepAUX KOMIIO3MTIB i3 3aJaHUMHU
B/IACTUBOCTSIMU SIKi MalOTh BiJTIOBiIHY MOpdoorito, 1110 3abe3rneuye piBHOMIpHe PO3MO/i/IeHHsT MiHEepa/bHUX Ta OPraHiuHUX
KOMIIOHEHTIB 10 BCbOMY 00’€My TBepoi uacTuHKU. Ha nymky aBTopiB [1] B 3aneXHOCTi Bif crocoOy BBefeHHs pobouoro
PO3UKHY, B/IACTUBOCTEH KOMITOHEHTIB Ta iHTEHCHUBHOCTI TerjIo0OMiHHMX TPOLIECiB MOXKHA OfIep)KaTH TBep/i UYaCTUHKHU i3
11i/IbHOO, TIOPUCTO), «ManuHOMNO/AiI6HOI0» abo ToponozibHO cTpyKTyporo. EdeKTHBHICTb TaKuX IPOLECIB BU3HAUYAETHCS
Koe(illieHTOM TpaHy/I0yTBOPEHHS, SIKWI TO0Ka3ye YacTKy CyXUX PeUOBHH SIKi HaJXOAATb B amapar 3 poOouMM pPO3UYHMHOM i
TpaHC(hHOPMYIOTHCS B TPaHy/IbOBaHU MPOAYKT. et mapameTp BU3HAUAEThCS:

—  rigpopavHaMiuHMM peXHMOM IICEBO3pif)KeHHsl sKWi 3abesreuye edeKTHBHE IIPOTIKaHHS TeIIO-MacOOOMiHHUX
TMpoLieciB

—  cnocobom BBeseHHs pigkoi (asu (romoreHHOi abo reTeporeHHol) SKUK MO CyTi BU3HAYaE MeXaHi3m
rpaHy/I0yTBOPEHHS.

Orisp TiTepaTypHUX /HKepes

[upokuii Aiana3oH BIaCTUBOCTel KOMIOHEHTIB B pifikifi ¢a3i, peosnoriuni Ta ¢i3uKo-XiMiuHi BlacTUBOCTI BH3HAUarOTh
pi3HOMaHITTs cIOCO6OiB Ta KOHCTPYKLiM Aucnepraropis [1-3].

B ocraHHI poKu B CilbCKOTOCIIOZApCHKOMY BUPOOHHMILITBI ITOYaaMd BIPOBA/yKeHHs NMPHUHLMUILB CTaJoro pO3BUTKY LOA0
paLlioHaIbHOTO 3eMJ/IEKOPUCTYBAHHS 3 OJIHOYACHUM IOKPALLeHHSM SKOCTI TPOAYKTUBHOI YaCTUHU BPOKA0 TOMY aKTyaJbHUM
HAYKOBO-TEXHIYHMM 3aB/IaHHSIM CTaji0 CTBOPEHHsI OPraHO — MiHepajibHUX [JOOPUB HOBOTO TIOKOJIiHHSI SIKi MiCTH/IM OKpiM
TPaIMLiHHAX MiHepaJbHUX KOMIIOHEHTIB, CTHMY/IIOIOUi T'YMiHOBi pedoBMHM Ta iHIIi MikpoenemeHTH. TobTo B sikOCTi
CUPOBUHU BUKOPUCTATHU BiZIXOAY XIMIYHOI Ta XapyoBOi MPOMUCIOBOCTI, 1[0 MiCTATh MOXKHUBHI Ta CTUMYJIFOIOUL PEYOBUHU.

3rigHo [4] 1o BoAHKMX PO3UMHIB Cy/lb(aTy aMOHit0, L0 YTBOPIOETHCS MPU BUPOOHULITBI KarpoiakTamy AoJal0Th TYMiHOBI
PEUOBHHH Ta iHIII MMO)KUBHI PEUOBMHM 30KpeMa KicTsiHe 6opoiiHo. CK/iafiHy reTeporeHHy CUCTeMY IM0/Ial0Th Ha IPAHYJIALI0 B
ariapar 3 I1CeBJ03pi/KeHNM ILapoM /s Ofiep’KaHHsI TPaHy/Ib0BaHOTO TMPOAYKTY 3 MOIIAPOBOI CTPYKTYpOro. I'paHy/IboBaHUi
MPOAIYKT TOBMHEH MaTH CdeponofioHy dopmy 3 po3mipamu 1,5 + 4,5 MM 3 PiBHOMIDHMM pPO3TOJLJIOM 10 BCbOMY 00’emi
MiHepa/IbHHX Ta OpraHiYHMX peyoBHH. Peasisallisi TakMxX NpoLieciB BU3HAUaeThCsl CIOCOO0M BBeZieHHs pifKoil a3y [jo anapary.

B poGorax [5-9] HaBegjeHi pi3Hi criocobu mopaui ofHOpPiAHOI pigkoi (asu 3a JOMOMOTOK Pi3HOTO THUMY (OPCYHOK
po3TaloBaHUX Haz abo y I1api 3epHUCTOTO Marepiaty. [lpore Taxkuii TpoLieC TPaHY/IOYTBOPEHHS] € CTOXaCTUUHHUM B
SKOMY YacTillle peani3yeTbCsl arjioMepalliiHUM MexaHi3M i TOMy BHUKOPHCTOBYETHCSI TP 3HEBOJHEHHI MOHOCHCTEM.
AmnHanoriuHui  pe3ynbTaT  [OCSTAEThCS TIPU  3aCTOCYBaHHA  MeXaHIUYHWX  BHCOKOLIBMIKICHHMX — [JUCIIEepraTopiB  sIKi
BCTAHOBJIIOIOTHCS Ha/j 11IapOM 3epHUCTOr0 Marepiaiy [10].

[nsi 3abe3reyeHHsT TIOIIAPOBOTO MeXaHi3My TpaHY/JIOyTBOPeHHs B 0araTbox BWIafKaX 3aCTOCOBYIOTH «Wurster»
TEXHOJIOTi¥0, sIKa MOJIiTa€ y po3TalllyBaHHI B arapari 3 TICeB/103pi/PKeHNM I1apoM BePTHUKa/ILHUX TPYD uepes sKi 3/1iCHIOETHCS
HaripasJieHa LIMPKYJIALis 3epHUCTOr0 Marepiany B pe)KuMi [THeBMOTPAHCIIOPTY.

B HWwKHIN yacTuHi TPyOM KoakciaZbHO po3TarioBaHa (OpPCYHKa i PO3IMHIEHHs pigkoi ¢dasu. Ha aymky aetopie [10]
peoJIoTiyHi BMAaCTUBOCTI Takoi Aucriepcii [eIlo MOTipLIYEThCs, Lje HeraTMBHO BIUIMBAE Ha CTiMikicTb mpouecy. Tomy ans
3abe3rieueHHs] 3a/jaHOi MPOAYKTUBHOCTI MO PpiAkii ¢asi umcio Takux cucrem 30imblayeTbcss. B peanbHHX ymoBax Lie
YCK/JIaJHIOE KOHTPOJb 3a POOOTOI0 OKpeMMX OJIOKiB [UCHepryBaHHs, a [Jisi BBe/leHHs IeTePOreHHMX CHCTeM B3arajii €
HernpuiHATHO. OKPiM TOTo, TIPY TakKoMy Criocobi BBeZIeHHsI Pi/iKoi a3y CyTTEBO 3pOCTAE JIOKAJIbHUNA PU3UK TTE€PE3BOJIOKEHHS
TBEpPJUX YaCTUHOK, TOMYy III0 KOHL|eHTpallis TBepAHWX YaCTUHOK Yy BUCXIZIHOMY BepTHKaJbHOMY IOTOLi B peXUMI
MTHEBMOTPAHCIIOPTY € MiHiMa/lIbHOO (TTOPO3HicTh € > 0,8).

OkpiM TOro B TakuxX armapaTax Ma€ Miclle HeJlOCTaTHsSI IHTEeHCHBHICTb IepeMilllyBaHHs, a OT)Ke He NOBHe BUKOPHCTAaHHS
iCHytOUOI TTOBEPXHI 3eDHUCTOrO MaTepiasy B MpoLiecax Terao-MacooOMiHy.

OcHoBHa yacTHHA

Hocnify mporjecy rpaHy/slii MpoBOAWIMCHL B amaparti, 1ujo mae (opmy mnapanenminefa 3 po3Mipamu AxBxH =
0,3x0,11x1,2 crnopsipkKeHOTO Ta30pO3MOAibUMM TPUCTPOEM B HIDKHIM uacTWHI Ta BCTAHOB/IEHOTO PO3MOJiNIbHUKA B
Ha/MipHOMY TIPOCTOPI, /10 AKOI MiZBOAMBCS Harpituii 1o Temmneparypu 190 °C ra3oBuii TeryioHOCIH Ta BifbOyBaiacs rojaua
pob0oUOro po3urHy, BUTPATH SKOTO PETyJIFOBAIUCE Ji/Is TTi[TPUMYyBAHHS TeMIiepaTypH B 1api g0 95 + 3 °C.

Bucota riceB/03pipkeHoro tapy cranosuia Hy = 0,320 H,, i Bu3Hauamach eKCIiepUMEHTAIbHO 3 YMOB MacOOOMiHHY.

Pigka ¢asa Bojgwiach MexXaHIYHHUM [MCTIepraTopoM KOHIUHOi KOHCTPYKIJii, pO3TallOBaHWM IO IIeHTPY KaMmepH
rpanyssaropa, Ha Bucori 0,68 Ho.

B [KOCTi MOYaTKOBUX IIEHTPIiB I'PaHY/ISMii BUKOPHUCTOBYBATUCH ceporoioHi rpaHyM CyabpaTy aMOHis 3 TOMIIITKOM
T'YMiHOBHX PEUOBHH 3 eKBiBasieHTHUM JiameTpoM 1,5 MMm. [lo amapaty nogaBaBcst 40% BoAsHUN PO3UMH Cy/b(aTy aMoOHis, 1110
MicTUTb 1% ryMiHOBUX PEUOBUH.

Temreparypa TerioHocist Ha Bxofi fo arnapaty T, = 190°C Temnepatypa i1apy B XapakrepHii Touri X =250, Y =0, Z =
220 3a OKa3HUKaMH SIKOI MPOBO/IMJIUCH PETyYJIFOBaHHs BUTPAT pobouoro po3urny T, = 95 + 1 °C.
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Oprani3atiis TIporiecy TMpU CTPYMEHEeBO IyJ/bCAalliiHOMY TICeBAO3i[PKeHHI B aBTOKO/JMBAJbHOMY PEXMMi HaBeJeHa Ha
PUCYHKY la.

IMpoBeneHi gociimkenHs [11] mokasany, B poOOUOMY peXXHMi CTPyMeHEeBO MyJbCAL[ifHOTO TICeBJO03Di/pKeHHI B arapari
PHCYHOK la, MO)KHa BUZIIUTU 3 30HU 3 TOUKU 30PY TipOAUHAMIKH.

I — 30Ha HU3XiHOrO pyXy 3€pHHCTOrO Marepiaay B Ky 3aBJSKW aCUMeTPUUYHOMY BBeJIeHHIO TeIJIOHOCIs (3piJpKyro4uoro
areHTy) BifOyBaeThCs mepeMilljeHHsI 3epHUCTOT0 Marepiasy BHACTIJOK iHepiiiiHoro BuHeceHHs i3 3ouu II i Il y BepxHiii
yactuHi 30HM 1. Tlopo3HicTh mmapy B Ll 30HI MpakTHUUHO € CTanow g = & = 0,4, TOMy 1110 BUCOTa 1Iapy B Lieii MOMEHT
36ibL1yeThes B (1,7+2)H.

IT — mexxoBa 30Ha B sKiii BigOyBaeTbcsi 3D mepemilllyBaHHsI 3€PHUCTOrO MaTepiasly BHACTIZOK PyXy BHACJiIOK PyXy
ra3oBux Oy/bOallloOK Ta TepeMillleHb Ha iX MiClle 3epHHCTOro MaTepiany B OCHOBHOMY i3 30HHM I. IToposHicTe B Ljili 30Hi
3MiHIO€ThCS TMKIiYHO € = 0,45 - 0,68 - 0,45. B cepenuni wiei 30au Ha Bucot; 0,45H, Bix moBepxni ['PII po3taroBanmit

D =80 v, Dy = 40 M

MeXaHIYHUI ucrnepraTtop, KOHiUHOrO TUITy 3 po3MipamMu Ta JOBXXUHOO 47 MM.

III — B Wil 30Hi BigOyBaeThCsl aKTUBHE 00’€JHaHHS Ta30BUX CTPYMEHIB, 1110 BUX0iTh 3 ['PIT i mMpU3BOAUTE 10 YTBOPEHHS
razoBoi Oy/ib0alKy B MOMEHT [10YaTKy PyXy Y BepTHKaJbHOMY HamnpsiMKy ii 06’€M MpakTHUHO TIOBHICTIO 3alIOBHIOE IIePeTUH
30nHU III, 1110 MpU3BOAUTH [0 iHEPLIMHOTO BUHECEeHHsI 3HaYHOI KiJIbKOCTi 3epHUCTOr0 MaTepiaay B Ha/IIapOBUH MPOCTip, MpU
B3aeMo/ii i3 BcTaBKOw 4, mepeMiifyerbcs B 30HY I. Takum unrHOM B 30Hi III yTBOpIOETbCA aKTUBHHI BUCXiJHUM pyX
3epHUCTOTO MaTepiany, KM XapaKTepu3yeThCs LMK/IiUHOK 3MiHOIO mopo3HocTi & = 0,45 +0,75. Bucora BepTHKa/lbHOTO
tdakeny Yy = 80 MM, sika 3 ypaxyBaHHSIM BUCOTH TOUkM BBefeHHs1 A = 40 mm [11] Mogens pyxy cheporioibHoi rpaHysiud Ha
BHYTPILIHi} OBepXHi KOHIUHOrO JUCIiepraTopa HaBeJieHi Ha pUucyHoK 16.

Pizka ¢daza npu nozaui uepe3 TpyOKy 2 pO3MOAIISIOTLCS T/ [Ji€H0 BiJLIEHTPOBOI CUIW y BUIJISZI TUTIBKK MO BHYTPIIUHIN
MOBEPXHi jMcriepraTopa, siKka 4aCTKOBO TPH MOTPATUISIHHI 0 OTBOPIB NMPOXOAUTh Ha 30BHILLIHIO MIOBEPXHIO AUCMEpraTopa Ta
PO3MUIOETLCA B 30BHILIHIO 30HY 3pouweHHA 3.3, pucyHoK 16. [ucnepratop 3HaxoAuTbCA B cepeauHi
NceBA03PIAKEHOrO LWapy | TOMy 3epHUCTUI MaTepian 3anoBHIOE YacTUHY aucrepratopa skuii obeprtaeTbes. Mpu
LbOMY TrpaHyaM skKi 6e3nocepefHbO KOHTAKTYIOTb i3 BHYTPILIHLOK MOBEPXHEK JAMcnepratopa YacTKOBO
nornnHatTh pigky dasy i nig aieto BiALEHTPOBOI CMAM BUBOAATLCS 3 Yalli aucrepratopa B rOPU30OHTa/IbHOMY
Harnpsamy.

- B -
a) Cxema B3aeMO/Iil ra30BOT0 CYL{I/IbHOTO CepeoBHIIIa i3 6) Mojienib pyxy 3epHUCTOrO Matepiany B 30Hi
3epHUCTUM MaTepianom 3pOLIEeHHS
1 — ra3oposnojineunii NpUCTpil, 2 — Kamepa 1 — mepe/iHsi Ta 3a/iHs CTiHKa arapary, 2 — TpyOKa nogaui
rpaHy/sITopa, 3 — MeXaHiuHuM AucrepraTop, 4 — pigkoi da3n, 3 — MexaHiuHMiA AucepraTop, 3.3 —
HaripaBJisitoua BcTaBka [11] 30BHIIIIHS 30HA 3pOILIEHHS MeXaHiYHOro JUCepraTopa,
A — nogiaua HarpiToro TernoHocis, B — nogaua pigkol B3 — 30Ha LjupKy/IALil 3epHUCTOr0 Marepiany y
(hasu Jjo fucrepraropa, BHYTPIIIIHI} 30Hi AxcriepraTopa.

C — BiiBeleHHs1 Bi/iIIpaLlbOBaHOr0 TEIJIOHOCIA i3
T1CeBJ03PiJPKeHoro mapy
Hy — BHCOTa 1TOYaTKOBOTO HEPYXOMOTO I11apy B anapari
Puc. 1 — Cxema B3aemojii ra3o0Boro CyIji/IbHOro cepe/j0BMIIA i3 3epHHCTHM MaTepiaiom
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Hocnigu npoBoaunvck npu 3HeBogHeHHI 40% (Mmac) po3uuHy cynbdary i3 BMICTOM T'yMiHOBHUX pedyoBUH [0 2% TIO
Bi[JHOLIEHHIO /10 CYyXUX PEUOBHH.

KiHeTHuHi XapaKTepPUCTUKH TPOLeCy TPaHyJOYTBOPEHHs i3 3acTOCYBaHHSM KOHIUHOTO [Jucriepratopa 3 BigGiHMMM
KisbLsivu [10] HaBeieHO Ha PUCYHOK 2 — 6 MOKAa3yr0Th MO3UTHUBHY JUHaMIKy pocta De pHUCYHOK 2 Ta MOC/IiZOBHUN 00MiH Mix
(hpakyisiMi PUCYHOK 3, 110 CBiJUMTH MPO BiZICYTHICTH arsioMmepaTiB. JJMHaMika 3MiHM TeMriepaTypy TeIIOHOCIs Ha BXOZi /10
arlapaTy Ta Iapi , pUCyHOK 4, XapakTepusye CTa61ﬂi3aI_11mlc r5911'11101301"0 pexxuMy arapata. [Ipu 1jpoMy [gOCSTHYTI poboui

3HAUEHHs! TIMTOMOIO HABaHTa)KeHHS 3a Bosioroto a = 0,58 ™ ™* mo B 1,5+1,9 nepeBullye el MOKA3HUK /I JUCKOBUX

JucriepratopiB pucyHok 5. Ilpu 1iboMy KoedilieHT rpaHysioyTBopeHHsT @ > 90% pUCYHOK 6, a rpaHy/lbOBaHWNA TPOJYKT
BiZINIOBi/la€ iCHYHOUMM BUMOI'aM.

00+ 0,5 ==0-=1 emAm=) —3—3
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= 0.0. 0 .l Sttesecece 5..........?
0,330 0,497 0,663 0,830 0,997 1,164 1,330 0,330 0,497 0,663 0,830 0,997 1,164 1,330
1,707 T, 0N
Puc. 2 — /luHamika 3MiHU eKBiBa/IEHTHOIO /liaMeTpa Puc. 3 — /IluHamika 3MiHM MacOBHUX BiICOTKIB
rpaHy.J okpemux ¢pakyiu i3 po3mipom rpanys: +0,5 mm; +1,0
mm; +2,0 mM; +3,0 mm; +4,0 mm.
250 eesdee AT e Ty —&—Tw 0.8 &
AT, N 0.7
s ]
200 —0 0,6 £ &
5
| 2 A
150 S04 —N
%0_3 T..._-p_d'
100 = e N | -1
et - 2
0.1
50
0.0 &
0,330 0,497 0,663 0,830 0,997 1,164 1,330
0 e = 1. 1%
0,333 0,500 0,666 0,833 1,000 1,167 1,333
T.rol 1-KOHiUHUI AUCTIepraTop
2-VICKOBUH JUCTIePraTop
Puc. 4 — Jlunamika 3MiHH TeMIIepaTypPH TeIIOHOCis Puc. 5 — /lunamika 3MiHM IMTOMOr0 HABAHTA)KEHHS
Ha BXO0/1 Ta B KaMmepl anapara TOBepPXHi Iapy 3a BOJIOT 010

12



m ABTOMaTH3aIlisi TeXHOJOTiUHUX i 6i3Hec-TiporieciB Volume 10, Issue 4 /2018 m
http://www.atbp.onaft.edu.ua/

. 100

o
3
—

0
ey
[

Koed. rpaHy10y TBOpeHH %
0
i

70 @ >
0,330 0,497 0,663 0,830 0,997 1,164 1,330
T.roga

Puc. 6 — Ilunamika 3miHu KoedinjienTa rpaHy/10yTBOpeHHA

[ly1s1 BUMiproBaHHS 110J1s1 TeMIiepaTyp poboua Kamepa rpaHy/siTopa po30UTa YMOBHUMH IUIOLIMHAMU PUCYHOK 7, B SIKMX
pO3MillleHi TpeKu TepMoriap .

MI1(X=50;Y=0-110; Z=0+500)

12 (X=150;Y=0-110; Z=0+500)

MI3(X=200;Y=0-110;Z=0+500)

MMI4(X=50;Y=0-110;Z=0+220)

Pe3y/nbTaTi BUMIPIOBAHHS TeMIepaTypHOro TOJIst B MOJIi JMCIepraTopa Mo IUpHHI Ha BrcoTi Z = 220 (Bicb obepTaHHsS
JycriepaTopa) B HU3XiJHOMY MOTOLIi

& - 525
pucyHox 8 ¥ ™ Cnocrepiraetbcst MiHiManbHe 3HaueHHst 71°C Ha Kpaiilli [ucriepratopa 3 HaCTYITHAM

MOBEPHEHHSIM TeMIepaTypy B AuciiepcHoMy cepezioBulli 10 94 °C Ha Bigctanb AY; = 30 MM, pUCYHOK 8.

I
Z LI’
‘f I
\| s

/1 N i > 7

Z/) (ERE — = . > = —

: W _— ﬁ" II. . G 0
Y \' e, T8
% ;| 4 SN 717
o = L TE

Puc. 7 — Cxema po3MilieHHs TPeKiB TepMonap B KaMmepi rpaHy/iiTopa
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& 4q,5EE
JMHaMIYHUM 3pOCTaHHAM &y " DUCYHOK 8 y BUCXiZIHOMY TOTOLIi MPAZIi€HT B3/I0BX POOOUOT 30HH TPOXU MEHIIIHI
dT dT
S =-02757 o 3 =07
¥ ™| a B (poHTaNBHIN 30Hi Mepey Kpaikoro gucmepratopa =¥ " DUCYHOK 8.

3mina Temnieparypu T4 B Tpeky posramoBaHoMy B 1T 4 X = 200mm, Z = 220mMm

0 < X <110 pucyHOK 9 nokasye, 1110 B 30Hi 3pOIIeHHS TemIlepaTypa 3MeHIIYETbCS 110 JOBXXUHI AucnepryBaHHs Bif 93 fo
75 °C Ha 6iuHili KpaiiLi aucnepraTopa 30HU penakcarii AY, craHoButh 10 MM, 1110 B TPU pa3u MeHIIIe HiX y MornepeHbOMY
BUMAJIKY.

BuwmiproBanns temnepatypu B [1JI 2 Tpeky posramoBaHoro Ha Z = 270 mm, HaBeZleHO Ha pUCyHOK 10 XapakTep 3MiHU
TeMITepaTyp 10 [JOBXWMHI 30HW JUCIIepryBaHHs aHaJOTiYHUM TornepeHiM i3 36ibleHo0 30HOM penakcaiii AYi 70 40 MM.
e MOsICHIOETBCS IHTEHCUBHUM ITepeMillleHHSIM 3BOJIOJKEeHUX PaHyJ/1 Y BepTUKa/JIbHOMY HampsIMKY.

110 110
AT, T3 AT. T4
‘Dp: 96 27 c 96 i 96
100 o6 97 100
o1 23 92 02 7 g 92 92 93 = 93 22
00 @ @ =t 85 ¥ 90 ® o5
@® o @ @®
-
=i e B AY 20
711 3364
70 @ 70 e
o0 60
50 -0
40 40
0O 10 20 30 40 50 60 70 80 90 100110 0O 10 20 30 40 50 60 70 80 90 100110
MM

Puc. 8 — 3miHa TemMnepaTypu B IUIOLIMHA Ha MeXi 30HH
Ii IT mpu X=100 mm,
0<Y<110 mm, Z = 220 mm, T3

3miHa Temriepatyp B Tpeky Tepmornapu T 11 posrtarosaniit B [1J1 2 Ha Bucoti Z = 170 MM sikuii po3TaiioBaHuii Ha 10 MM

MM

Puc. 9 — 3mina Temnepa., ... , BUCXi/{Hil IomMHI A
npu X=200 mm, 0<Y <110 mm, Z = 220 mm, T4

Biz GinbILIOT KpaliKK JuCIIepraTopa HaBeJeHWi Ha PUCYHOK 11.

100

100

94 as
ATg; T10 o 92 AT, T11 2 @
0C . 90 @ 0 90
= = C 89 @
90 ® ., L 90 86 87 @
82 82 82
®e "0 e 80 80 79810
80 @ @ 76 830 @ @ - ®
@® 72
70 @ .
AYs 70 65 AY
—p O
60 o
2K} 50
40
0O 10 20 30 40 50 60 70 80 90 100110 40
0O 10 20 30 40 50 60 70 80 90 100110

MM

Puc. 10 — 3miHa Temnepa., ... .. HU3XiJHOMY MOTOILIi

mwiomuHa A pu X= 150 mm, 0 <Y <110 mm, Z = 270
mm, T10

MM
Puc. 11 — 3miHa TeM... ..., pu B IIJI 2 mig
pucnepraropom, npu X= 150 mm,
0<Y <110 mm, Z = 170 MM,
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[Hiarma3oH 3MiHM TeMmriepaTyp [0 KpallKu AWCIepraropa, o 3Haxoauthcs Ha piBHI 90 — 80 °C pucyHok 11, mo AoBXuHI
Jucriepratopa 3MiH0€eTbCs Bif 87 1o 65 °C 3 HactynHuM nigsuileHHsaM Ao 80 °C. Li 3HaueHHs Jello HWKUi BiJf TeMIiepaTtypu
B XapaKTePUCTUUHIN TOUIi i MiATBePKYIOTh BIUIUB 30HU JUCIIEPTYBaHHS. AKTUBHWU TiAPOJUHAMIUHUNA PEXKUM 3YMOBJITFOE
BiZICyTHICTb 30HHM pesiakcatii repes 6i/IbLIOK KpaiKor AuCIiepraTopa.

110 160
sas @15 147
100 .
W16 43 A
N 140135 133
a0 L 132 AT17 . 132 ‘
o A , 129 < 4m 129
: 12777 & A
130 | WETL 122 & A
80 z 5 ‘ 120 ‘*
H 9 120 A
70 - 107 10710710727
103 103
10199iiiiiiii99102
60 100 W - ™
n 00®00ee0°° " ©
50 90 94 95 95 96 95
93 g2 83 93 gp gp 93
40 &0 N
0 10 20 30 40 =~ ~0 70 80 90 100110 ¢ 19 0 30 40 42 8 g8 1080
MM MM
Puc. 12 — 3mina 1 _ TYPH B YaCcTHHi Puc. 13 — 3mina Temneparypu B ITJI 1 npu mwm, ITJT 2
Jucnepraropa miomuHa 3 npu X= 150 mm, 30 <Y npu X=150 mm, 0<Y <110 mm, Z = 90, IIVT 3 npu
<110 mm, Z = 210 MM X=250 mm,0 <Y <110 MM, Z = 110 mm

HasiBHiCTb HampaB/ieHOTO LIMPKYJISILIIMHOTO pyXy 3 30HM Jucliepratopa MiJTBepJKye XapakTep 3MiHM TemIiepaTypu B
TPEKy, L0 MPOXOJWTH TO BepTHKaMbHiNA mioupHi Ha 10 MM Hmkue Bici obepranHsi TS5, pucyHok 12. Tak, MmiHiManbHa
3HAUEeHHs TeMIlepaTypH B IJIOLMHHI BBeJieHHs pigkoi ga3u 50 °C, a Ha Buxogi 85 °C, pucyHok 15 TOOTO rpa/lieHT CTaHOBUTh
4T rpan
d—_s =1375—
¥ "M 3ona penakcarii migsuieHo g0 95 °C AYs = 40 mm. IIpu 1jp0My po3Mip 30HM peJiakcaliii repes GibIio
KpalKOI [IUCIepraTopa B HWKHIiN Bici obepTaHHs Jocsrae MakcuManbHUX 3HaueHb AYs = 40 mwm. ['pagieHT Temmepatyp B

dr, rpag

. —==3875—

cepeiVHi Aucriepraropa 4t e

Leit mapameTp pa3oMm 3 BesieudHOH AYs CBiIUMTb TPO TIOTY)KHUI CTPYMiHb 3BOJIOXKEHHWX UACTUHOK, sKi TiJ Ai€ro
BiZILIEHTPOBOI CUJIM BiZIBOJSATHCS i3 yallli AUcriepratopa.

Ha pucysky 13 HaBefeHi pe3y/ibTaTU BHMIpDHOBaHHS TeMIlepaTyp B TOPU30HTA/JIbHMX IUIOIIMHAX PO3TalllOBAHUX
BiZINOBIZHO:

T15(X=50mm, 0<Y <110 Mmm, Z=110)I1JT 1

T16 (X=150 MM, 0<Y <110 MM, Z =90) I1JI 2

T17 (X=250mMm, 0<Y <110 MM, Z = 110) TTIJT 3

Tak Ha Bucoti Z = 110 mm B ITJI 1, Hu3xigHuii pyx 3oHu | TemnepaTypa no Bcidd rmmbuHi 308U 0 < Y < 110 3HaX0UThCS B
Mexax 95 + 93 °C T15, pucyHok 13. 3HaueHHs TeMIlepaTyp BUMIpIOIOTBCS M0 cepeAuHi 30HU II, 3HaxoauThest Ha 5 + 10 °C
Buie HiXX y TIJT 1 B giana3zoni 3Hauens 99 + 107 °C, T16, pucyHok 13 B siKili BifilOyBa€eThCsl CIIpSIMOBaHUN pPyX Harpitoro
TEeIJIOHOCis.

Ha pucyHok 14 HaBefeHa eKCIIepDUMEHTa/IbHO BHM3HAueHa 3MiHa TeMIlepaTyp IO BMCOTI amapaTty Ansa mi.1,2,3 Ta
po3paxoBaHa 3a MOJeJb.

Bucora miapy npu sikiii Temneparypa JucrepciiHoro cepezioBuiiia crabinizyetbcst 95 + 3 °C ayist it 1 i 2 gocsaraeTbcs Ha
BucoTi Z = 110 MM, a g mnommHu 3 AZ = 200 MM Lie TIOSICHIOETbCS CTPYMEHEBO IyJbCal[iiHUM TCeB03DPiIKeHHSIM B
aBTOKOJIMBAJILHOMY DEXUMi PUCYHOK 14. 3HWKeHHS1 cepe/lHbOI TeMriepaTypu wapy nipu Z = 200 mm g [1J1 2 nos’si3aHe i3
30HOK0 BBEJIEHHS1 DifKoi (asu i3 3aCTOCYBaHHSIM KOHIUHOTO [JMCIIepratopa siKe 3aB/AsSKH iHTEHCMBHOMY 00’€MHOMY
repeMilllyBaHHIO NIPU3BOUTE /10 BUPIBHIOBAHHIO TeMIlepaTypy B IIOPBHSIHHI 3 IHINMMM IJIOLMHAMU Ha BUCOTI Z = 300 mm.

15
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TakMM uUMHOM B OKOJ/i JuWCIIepratopa YTBOPIOEThCS 30HA 3pOILIEHHS Yy BUIVISIZI 3pi3aHOTO KOHycCa pO3TalllOBaHOTO
TOPU30HTAJIBHO 3 BUCOTOIO, 1110 Ha 20% repeBuiiye pobouy ZOBKUHY JUCIIepraTopa Ta 30BHIllHIM AiameTp.

210
190 A

170 \\
150

51Ce
\/
>
=

———————————— %"’ A A
90 ———— ';}- AT, B (A N
70
50
0] 100 200 MM 300 400 500
O Il 0O IIML2 A I3 =——Po3paxyHKOBI1aHI

Puc. 14 — 3miHa TeMniepaTypH TeIUIOHOCIsI II0 BUCOTi anapara B IVIOIHHI
IUL. 1(Husxigamii pyx) X = 50, I1J1. 2 (nerTpansHa mwiomuHa) X = 150, ITVI. 3 (Bucxigauii pyx) X = 250.

UYepe3 1jro 06sacTb 3 yacrotoro 1,6 — 1,8 T'y BifOyBaeThcsl iHTEHCHBHE TepeMilljeHHsT MaTepialy BHACTiJOK peasisailil
CTPyMeHeBO-ITy/IbCaLliiHOT0 TICeB/03pi/)KeHHsI B aBTOKO/IMBAZbHOMY PeXUMi, P SIKOMY 710 45% Macy 11apy BUHOCUTBCS 3a
MeXi 1ouaTKoBOro 06’eMy miapy [12].

3BifiKY 3arajabHUN Yyac LUKy t, = 1/F = 0,155 +0,625¢, 3 siKOI 2/3 T,,— Lje 3arajbHUI yac repeMiltieHHs1 Matepiany i3 30Hu 11

i IIT 3a mMexxi mouaTkoBoro 06’eMy 1mapy, Ta 2 T, — 4ac TiepeMillleHHsI 3ePHUCTOT0 MaTepialy B THMUacOBO yTBOPEHHi MyCTOTH

3ouu 111111 [13].
BpaxoByrouM CTOXaCTUUHY MPUPO/Y TICEB03Pi/PKEHOr0 I1apy MaKCHUMajbHO MOXK/IMBUM yac repeOyBaHHS YaCTUHOK B
2

30Hi 3poreHHs gocsrae #t, = 0,42 — 0,36 c. B sikili TemIiepatypa cepeJoOBHIla HabIMKAeTbCS O TeMIIepaTypyd MOKPOrO

TepMOMeTpa, 1[0 TIPX HasBHOCTI po3mipy B Mexax 10 + 250 MKM 3ymoB/t0€ (pOpMyBaHHsI TUTIBKMA PiZIMHU 3a PaxyHOK Ail
azire3iifiHO-COpOL{iIMHUX CHJT.

B oCcHOBY MaTeMaTH4HOI MO/iefTi TeryIO00MiHHY MOK/TaZleHO PiBHSHHS aBTOpiB [14] sike [OMOBHEHO BUTpaTaMu eHeprii Ha
nizirpiB pigkoi dasm, sika 3HaX0AUTHCS Ha TIOBEPXHi TPaHyJ/1 Y BUTJISI/ TUIIBKM, Ta BUTPATH Ha HarpiBaHHs Ta BUTIAPOBYBaHHS
po3urHHYKA. Tozi piBHSIHHS TerI0BOro OajaHCy /171t Ta30BOT0 TEIJIOHOCIS 3alMCYEThCS Y BUTJISI/:

—_

oT, oT, o,
e-p-C- atF +V,. e p- 6XF =¢-a- 8y2r -aF (T.-T,,)+G, -(1- x,)(r+C, T,,,)

s rpanyt:

an+n 6Tp+n
(- &) p C-ZLL-V, (- &) p = F (T, - T,,,)-

-G, Q- x,) (r+C, T, )+G, -x, q;

p+n

Jle € — MOPO3HICTH 1apy (YacTKa rasy)
Pr — TYCTHHA rasy, ko/m’
p:— T'yCTUHA TPaHyJI, Ke/m’

H

W, - IIBU/IKiCTb Ta3sy, ¢;

K=

C,— TerioeMHicThb rasy, =
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Br

Ar— TEIJIOTIPOBiAHICTE ra3y, ¥k

F — nuTOMa NoBepxHsi 'paHy/I B Iapi Ha 3aaHiil BUCOTI, M%/ M>
1
_ Bl1-gp) dg= H
de de = I

bl

H

F

£

d.— exBiBasIeHTHH /liaMeTp YaCTHHOK B I1api, MM
X;— MacoBa 4acTHHa i — Toi ¢pakiiii,
d;— cepenili po3mip i — Toi dpakuii, MM
KT

G,— TIMTOMe MacoBe HaBaHTaKeHHs [1apy 3ePHUCTOTO MaTepiainy, ¢

Xp— KOHLIEHTPAL[isl CyXHX PEUOBHH B PO3UMHI, 1[0 TIOIAETHCS 10 TPaHyIaTOopa, % (Macc)
T, Tw— TemnepaTypa TelyIOHOCISl Ha BXOZ1 10 FpaHyJsaTopa i Temreparypa B 1api, °C
T: — TemniepaTypa TerioHocis, K;

i

C,— TeIJI0EMHICTb po6GOYOro Po3uKHy, L0 MOJAETLCS [0 arapary, * F

xx

q — ebeKTHBHA TeTI0Ta KpUCTasi3argii, * "F*

xlix

I — [IMTOMa TeIIoTa IapOyTBOPeHHs], ¥F

H

Wp - LIBUAKICTb PyXy TBEPAUX YaCTHHOK, ©;

Br

o — KoediLlieHT TeroBiAAaui Biz rasy o noBepxHi rpanys, #K;

e

a — Koe(illieHT TemIiepaTypONpoBifHOCTI, ¢

[TopiBHSIHHA 3MiHY TemrepaTypyd pO3paxOBaHON PUCYHOK 14 3a piBHSHHAM (1) 3 eKCriepuMeHTaJlbHUMU Jla€ XOpOLIYy
30DKHICTh 3a BUHATKOM 30HH I11, B sIKilf 3aCTOCOBaHUI CTPyMEHEBO-My/IbCAI[iHHUH CII0Ci0 BBEI€HHS TETUIOHOCIS.

Tak 3aBJSIKM 3aCTOCYBaHHIO MEXaHiUHOr0, KOHIYHOIO JUCrepraropa 3 po3LIMpeHO0 30HO AWCIIepryBaHHs, TemrepaTypa
mapy B 3oHi III (BucxigHa) 3 AT; = 40 °C, B nOpiBHSHHS 3 iHIIMMM 30HaMH Ha BUCOTi PO3MO/iNieHHs AucIiepratopa Jocsrae
3HaueHb 30HU | (Hu3xigHOI) prcyHOK 14. PisnHuus temnepatyp Z = 100 mm, AT, = 12 °C, mjo Maibke B TPY pa3u MeHIlle HDK
MpU 3aCTOCYBaHHI [UCKOBOro Jucnepraropa. lLle [go3Bosisie yCyHYTM PU3MK YTBOPEHHSl arjioMepariB BHaCTiZI0K
Tiepe3BOJIO’KeHHS I1apy B 30HHI BBe/IeHHS PiZKoi da3u.

BucHoBku
3amnporoHOBaHO MaTeMaTHYHa MO/ie/b J03BOJISIE aZieKBaTHO OMMCATH ycepe/iHeHi 3HAueHHs! TeMIlepaTypHOTO TIOMs TIpH
peasi3alil CTpyMeHeBO-Iy/IbCAL[iiHOTO ICeBAO3Pi/)KeHHS, 3 3aCTOCOBaHHSAM KOHIUHOTO [JuCrepraropa Ta BH3HAUMTH
TeMIepaTypy IpH fKili peasi3yeTbcs CTilikuil npotiec rpanysLii @ = 90 % Ta CyTTEBO MiABUILUTH TUTOMe HaBaHTa)KEHHS 3a
BOJIOTOO B ariapari B LIJIOMY.
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