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1 BOpOHEKCKHH TOCYIapCTBEHHBIN YHUBEPCUTET MEDKEHEPHBIX TEXHOJIOTHH, Np-T Pesomonuu, 19, r. Boponex, 394036, Poccust
Pedepat. CBeKIOBHYHBIN )KOM — OCHOBHOI MOOOYHBIN MPOAYKT caXxapHOU MPOMBIIIICHHOCTH, TOIy4aeMblii IPH TPATUIIMOHHON
TEXHOJIOTHHU Npou3BoAcTBa. OH 00J1a1aeT BEICOKUMH IIUTATEIbHEIMHI Ka4eCTBAMHU, HO B CEIPOM BHJIE OH OBICTPO 3aKHCAET, TOITOMY
ero HeoOXoanMo KoHcepBHpoBaTh. ONHUM U3 Hanboliee pacIpoOCTPaHEHHBIX CIIOCO00B sBIsieTcst cymKka. CyIika CBEKIOBHYHOTO
JKOMa IeperpeTsiM IMapoM HOHIKEHHOTO IaBJICHHS B MMITYJIbCHOM BHOPOKHUIISILEM CJIOE TT03BOJISIET IIOBBICHTH KA4€CTBO TOTOBOTO
IPOIYKTA 33 CUET CHIIKEHUs TEMIIEPaTyphl CYIIMIBHOTO areHTa, TEM CaMbIM COXPAaHHMB 3HAUNTEIbHOE KOJIHYECTBO MUTATEIBHBIX
BEIIECTB B HCXOJHOM MpoaykTe. s H3ydeHHs KHHETHYECKHX M THIPOJUHAMHUYECKHX 3aBUCHMOCTEH IpoIlecca CyIIKH
pa3paboTaHa SKCIIepUMEHTaNbHas YCTaHOBKA, MO3BOJISIOMIAS OTyYaTh MAaKCHMAIbHO TOYHBIE U BOCIHPOHU3BOAUMBIE PE3yIbTaTHI.
B xo071¢ paboThI OBII0 IPOBECHO MHOKECTBO IKCIEPUMEHTOB, TI0 PE3yIbTaTaM KOTOPBIX OBLIH OCTPOSHBI KPUBBIE CYIIKH, KPHBHIE
CKOPOCTH CYIIKH ¥ KPUBBIE HArpeBa, 0 XapakTepy U3MEHEHHS KOTOPBIX, C/IeIaHbl COOTBETCTBYIOIINE BBIBOABL. JlJIs HCCIef0BaHUS
B3aUMOJAEHCTBHUS PA3IMYHBIX (PAaKTOPOB, BIMSIONIMX Ha IPOLECC CYNIKH CBEKIOBHYHOTO JKOMA, IPUMEHSIOTCS MaTeMaTHIeCKHe
METO/IbI IUTAHUPOBAHUS SKCIIEpUMEHTa. MaTeMaTnieckoe onucaHne JaHHOTO IPoIiecca MOXKET OBITh IOTy4eHO dMIupudecku. [Ipu
9TOM €ro MaTeMaTH4yecKas MOJelb MMeeT BHUJ YpaBHEHHs pPErpeccHH, HAHJCHHOTO CTaTUCTUYECKHMMH METOJaMH Ha OCHOBE
JKCIEPHMEHTOB. B pesynprare crarncruiyeckoidl oOpabOTKH IKCIIEPUMEHTANIBHBIX ITaHHBIX IOJIyYEHBl YPaBHEHHUS! PETPECCHH,
a/IeKBaTHO ONHCBHIBAIOIINE MPOIECC CYIIKH CBEKIOBHUYHOTO KOMa B UMITyJIbCHOM BHOPOKHIIAIIEM CJIO€ TIOHIKEHHOTO JaBICHUS
Ha 3KCIIEPUMEHTAIbHOH ycTaHOBKE. [IpIMEHHTENbHO K CYyMINIBHON YCTAHOBKE OIPEIENIEHBI TAKAE TEXHOJIOTHIECKNE PEXKUMEI €€
paboThl, KOTOpBIE 00eCTIeYnBAIOT MHHUMYM yJeIbHBIX SHEPTro3aTpar Ipoliecca CyIMIKH, OTHECCHHBIE Ha 1 KT HCIIapeHHOH BIIaru, U
MaKCHMAJIBHOE BIIAarOHANPSKEHUE CYMIMIBHONW KaMephl.

e

KiroueBble ciioBa: CylIKa, CBCKJIOBUYHBIN JKOM, BI/IGpOKI/IHHH_[I/Iﬁ CHOfI, Ppa3spsKCHUE, neperpeTLIﬁ Iap, CTaTUCTHYCCKast MOAECJIb.

The choice of rational parameters of beet pulp drying process in a
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Summary.Beet pulp is the main sugar industry by-product obtained with traditional production technology. It has high nutritional
qualities, but in its raw form it turns sour quickly so it must be preserved. One of the most common methods is drying. Drying of the
beet pulp with superheated vapor of reduced pressure in the pulsating vibro-boiling layer allows to improve the quality of the finished
product by lowering of the drying agent temperature, thereby retaining a significant amount of nutrients in the initial product. To study
the kinetic and hydrodynamic dependencies of the drying process, an experimental apparatus was developed that makes it possible to
obtain the most accurate and reproducible results. In the course of the work, a lot of experiments were carried out. Drying curves,
drying rate curves and heating curves were made based on these experiments results. According to the nature of the changes the
corresponding conclusions were drawn. To study the interaction of various factors affecting the beet pulp drying process, the
mathematical methods of experiment planning are applied. A mathematical description of this process can be obtained empirically. At
the same time, its mathematical model has the form of a regression equation, determined by statistical methods on the basis of
experiments. As a result of statistical processing of experimental data, regression equations were obtained that adequately describe the
beet pulp drying process in a pulsed low-pressure vibro-boiling layer in the experimental apparatus. With reference to this drying
apparatus, such technological modes of its operation were determined that ensure a minimum specific energy consumption of the
drying process per kilogram of evaporated moisture and the maximum drying chamber moisture stress.
Keywords:drying, beet pulp, vibro-boiling layer, vacuum, superheated steam, statistical model
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BBenenne

CBEKJIOBUYHBII ’KOM — OCHOBHOHM TOOOYHBIN
MPOAYKT caxapHOu MPOMBIIIJIEHHOCTH,
[OJy4YaeMbli NOpU TPAAULMOHHON TEXHOJOTUU
Mpou3BoACTBa. JKOM HCIONB3YIOT Ha KOPM CKOTY
B CBEXKEM, KUCJIOM U cyxoM Buze. Ilo nuratens-
HOCTH U COAEP)KAHUIO CYXOI'O BEIIECTBA BBICY-
LICHHBIM JKOM IIPEBOCXOAMT JYI'OBOE CEHO
U TOJBKO HEMHOTUM yCTynaeT oBcy. Beap mpak-
TUYECKH BCE IHUTATENbHbIE BEIIECTBA CBEKJIBL,
KpoMe caxapa, ocTaiorcs B xoMme. OmHako npu
JUTUTEIBHOM XPAaHEHUH B CHIPOM KOME HaKaIlJIH-
BaeTCs OOJBIIOE KOJNIECTBO MACISIHON KHCIIOTHI.
On npuobpeTaeT MATKYI0O KOHCUCTEHIIHIO M JKH-
BOTHBIE OTKa3bIBAIOTCA €ro noeaars. Bo uzbexa-
HUE 3TOTO >KOM HEOOXOIMMO KOHCEPBHPOBATH.
OnmarM 13 HarboIIee pacpoCTPaHEHHBIX CIIOCO00B
sBIsieTCs cymka [1].

Lenpto paGoThl sSIBISICTCA HU3YyYEHHE BIIUS-
HUSl PEKUMHBIX MapaMeTpOB Ha WHTEHCHBHOCTH
MPOTEKAHUSI MPOLECcca CYLIKU CBEKIOBHYHOIO
YKOMa MeperpeThIM MapoM MOHMKEHHOTO TaBICHUS
B MMITYJIbCHOM BHOPOKHIISIEM CIIO€ M OTpeesie-
HHUe HanOoJiee paluOHAIBHBIX TAPAMETPOB.

Marepuajbl M1 METOAbI

[Ipennaraemplii croco0 CYIIKH BBICOKO-
BJIa)KHBIX AMCHEPCHBIX MaTepHalioB M yCTaHOBKa
JUTSL €TO OCYIIECTBICHUS MO3BOJISIOT MMOBBICUTD Ka-
YeCTBO FOTOBOTO POYKTa 33 CYET CHIDKEHHS TEM-
nepaTypbl CYIIMIBHOTO areHTa, TEM CaMbIM COXpa-
HUB 3HAYUTENBHOE KOJIMYECTBO IHTATEIbHBIX
BEIIECTB B HUCXONHOM mpoaykre. I[IpuMeHeHue
BI/I6pOKI/IH$IH_Iero CJIOA ynydmacT nNepeMCcuInBaHue
MaTepHuaja U TeM CaMbIM B HECKOJIBKO Pa3 MOBBI-
1I1aeT BeJIMYMHY KO3 PULIHUEHTOB TEIUIO- U Macco-
oOMeHa, a TaKKe CHIKAeT dHepro3aTparsl [2—4].

I[JISI N3YUCHUSA KUHCTUUCCKUX WU TUAPOAHN-
HAMHYECKHUX 3aBUCUMOCTEHl mpouecca CYLIKU
CBEKJIOBUYHOT'O ’KOMa pa3paboTaHa SKCIIepUMEH-
TajJbHAas YCTaHOBKA, MO3BOJSIONIAS TIOJNYyYaTh
MAaKCHMMAJIbHO TOYHBIC W  BOCIIPOM3BOJUMBIC
pe3yabTaThl.

VcxoaHbIMH TIONOKEHHUAMHU MPH NMPOEKTH-
POBaHUMU W HU3IOTOBJICHUHN YCTAHOBKH ABJIACTCA
HaJle’KHasi FepMeTH3alysi, BO3MOXHOCTh OIlepa-
TUBHOTOKOHTPOJISIM PETYJIMPOBAaHUSI TEXHOJIOTH-
YecKMX IapaMeTpoB B MIMPOKOM JHAana3oHe,
HaJIe)KHOCTh M 0€30MacHOCTh B padote [5, 6].

Ha pucynke 1 mpencraBieHa cxema
pa3paboTaHHON YCTaHOBKH, CIPOCKTHPOBAHHOM
Metogom 3D MoxpenupoBaHus.
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Pucynok 1. Cxema 3KCIiepUMEHTAIBHON YCTaHOBKH
Figurel. The scheme of the experimental setup

Tlo3uuuu Ha 4epTexe: 1 — BEHTWIATOP CPEIHETO JaBIICHUS;
2 — maporeneparop; 3 — cymuibHas Kamepa; 4 — razopacrmpe-
JIEMUTENbHAS PelIeTka; 5 — KaMepHas auadparma; 6 — ITOK;
7 — yCTPOWCTBO Ul 3arpy3Kd MarepHaia; 8 — peLupKyIs-
HOHHBIH TpyOompoBox; 9 — Bakyymmetp; 10 — koHIeHcaTOp;
11 — cbopuuk koHaeHcarta; 12 — pecuBep; 13 — BogokombLeBOit
BaKkyyM-Hacoc; 14 — mmur ynpaBnenus, 15 — u3mepurens-
peryisiTop Temreparypsl; 16 — XpoMesb-KaneneBble TepMOIaphl;
17 — manomeTpsl Tuta; 18 — okuo pasrpysku; 19 — 3acionka

Kunernyeckune 3aKkoHOMepHOCTH Npollecca
CYIIKH CBEKJOBHYHOIO 5KOMAa NeperpeTsIiM
napoM B HMIIYJIbCHOM BHOPOKHIISIIIIEM CJI0€

HccnenoBanmst o KHHETUKE CYIIIKH IIPOBOISITCS
B MEPHOANYECKOM PEKHME Ha SKCTIEPUMEHTATHLHON
CymWIbHON ycTaHoBke (pucyHok 1). Ilpu stom
BJIQKHOCTb TPOJYKTA OINpENesseTCs METOJ0M
ot6opa mpod. [ STOro N3roTOBIEHO CIIEUALHOE
YCTPOMCTBO, KOTOPOE MO3BOJISIET OTOUPAThH HPOOBI
0e3 pasrepmeru3anuy ycTaHoBku. [Ipudem otdop
npo0 MPOU3BOAUTCS TIO JJIMHE U BBICOTE padodeit
KaMepbl C ILEJbI0 ONpeNesIeHUs] PaBHOMEPHOCTH
CymkHd mpoaykTa. OKOHYATEeNbHYIO BIIaKHOCTh
JKOMa OIpeJieNisieM BBICYIIMBAaHHEM TPOJYKTa B
cymisHOM mikady npu Temrieparype 378 K cormactao
Mmetoauke, npeaycmorpennoin TY OCT 18-22-81
«Kom cymieHsli».

[TapameTpsl mpouecca CyIIKH B KaXIOM
OTIBITE MO/ICP’KUBAFOTCS TIOCTOSTHHBIMU B UHTEpBaJIe
3HAYCHUI: TeMIlepaTypa IeperpeToro mnapa Ha
BX0/ie B pabouyto kamepy Ty = 393-453 K, nasnenue
B kamepe Py = 40-100 KIla, ckopocts mapa B pa-
Ooueit kamepe vy = 3-5 M/c. AMIUIUTY A ¥ YacToTa
KoJieOaHUM  ra3opacIipee/IuTeIbHON  pEelIeTKH
OCTAlOTCSl HEM3MEHHBIMU M COCTaBIISIIOT COOTBET-
crBenno a = 7 MM u f = 12,5 'y, wacrora mymbcartuii
Konebanuii pererkn m3mensiercs ot f, = 0,0083 I'y
(omHa mynbcamus B aBe MunyThl) 10 f; = 0,04 'y


http://www.valleyflora.ru/62.html
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(omma mynbcarus B 25 ceKyH), HaUaIbHast yaenbHas
Harpyska ’koMa Ha pemerky ¢ = 8.24 xr/m?

KpuBple cymku, CKOpOCTH CYIIKH H
KPHBbIE HaIpeBa CBEKJIOBHYHOTO )KOMAa B UMITYJIb-
CHOM BHOPOKHISIIEM CJO€ MpH Pa3TUIHBIX
PEKUMHBIX ITapaMeTpax Iporecca MpeICTaBICHbI
Ha pUCyHKax 2-5.

HavgaibHas BIaxxHoCTh koMaW ™ = 216% mno oTHO-
IICHHUIO K CYXUM BEIECTBaM.

VYTroa HaKJIOHA PEIIETKH O BO BCEX OMBITAX
coctasnsier 0°, a yron HampaBlieHHsT BUOpaunuu
[ paBeH 90° u TOXXE OCTaETCS HEU3MCHHBIM.
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Pucynok 2. (a) Kpussie cymkun W =f(t) (1-4) u ckopoctu cymku dWe/dz =f(W°) (1-4) cBekIoBHYHOrO OMa OpH
pasnuuHbIX Temreparypax mneperperoro mnapa;(b)Kpussie narpeBa Ty =f(r) cBekmOBHYHOIrO >xOMa MpPU PasTUYHBIX
TeMmIepaTypax neperperoro napa, K.

Figure 2. (a) Drying curves W¢ = f(z) (1-4) and drying rate dW° /dz = f (W°) (1-4) of beet pulp at various temperatures of
superheated steam;(b) Heating curves Tn = f(z) of beet pulp at different temperatures of superheated stem, K.
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Pucynok 3. Kpusie cymku We =f(t) (1-4) u ckopoctu
cymku dWe¢/dr =f(W°) (1-4) xoma mpu pa3anuHOM
JTaBJIEHUH BHYTPH CYIIMIbHOM kKamepsl, [1a 1 — 100xI1a,
2 — 80kIIa, 3 — 60kIIa, 4 — 40xI1a

Figure 3. The drying curves are W¢ = f (1) (1-4) and the
drying rate dW. /dt = f (W.) (1-4) pulp at different
pressures inside the drying chamber,Pa 1-100 kPa, 2—
80 kPa, 3-60 kPa, 4-40 kPa

Jlnst cBsi3u ¢ penakiueit: post@vestnik-vsuet.ru

Pucynoxk 4. Kpussie cymku We =f(t) (1-3) u ckopoctu
cymku dWe¢/dr =f(W°) (1-3) »xoma mpu pa3nuuHOi
yeIbHOU Harpy3Ke, Kr/M?

Figure 4. The drying curves W¢ = f (1) (1-3) and the
drying rate dW. /dt = f (W,) (1-3) of pulp at different
specific loads, kg / m?
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Pucynok 5. Kpussie cymku We =f(t) (1-3) u ckopoctn
cymku dWe/dz =f(W°) (1-3) >xoma mpu pa3au4HOMN
CKOpPOCTH TIEPETPeToro mapa, M/c
Figure5. The drying curves are W¢ =f(t) (1-3) and the
drying rate dW./ dt = f(W,) (1-3) of pulp at different
superheated steam velocity, m /s

XapakTep W3MEHCHHS KpPHUBBIX COOTBET-
CTBYET IEpPHOAaM ITOCTOSIHHOW U YOBIBArOIEH CKO-
poctu cymiky. [Ipruem KoHIeHCauK IeperpeToro
mapa Ha MOBEPXHOCTH YaCTHI[ HE HAOIIOJaeTCH.
DTO MOXHO OOBSACHUTH BBHICOKHMHU KOA(D(HUITHECH-
TaMH TETJI0-MaccoOOMEeHa W BBICOKOI HavalnbHOM
BJI&KHOCTBIO KOMa, BCIIEICTBHE KOTOPOH YKe
B CaMblii HAYaJIbHBIM MOMEHT IpoLecca IPOUCXOAUT
WCMapeHKe BJIar ¢ MOBEPXHOCTH YacTHIl [7].

VYBenuueHue TeMIepaTypbl TEeperpeToro
napa ot 120 mo 180 °C mpu pazpsoxenuun 60 klla
CIIOCOOCTBYET BO3PACTAHUIO CKOPOCTH CYIIKH
B niepBoM nepuojie Ha 50%. IIpu aTrom Temmepa-
Typa IpoJIyKTa B 3TOM NIEpUO/Ie IPAKTUUECKH O]~
HakoBa. bomblllee BIUSHHE Ha TEMIIEPaTypy Mpo-
IOYKTa, KaK ¥ 0XKHJAJIOCh, OKa3bIBACT pa3psuKeHHE
B CYIIWIbHOH Kamepe. Tak CHW)KEHHE JaBIICHUS
ot 100 xI1a mo 40 k[1a mo3BoJISET CHU3UTH TEMITEpPa-
Typy NpojayKTa B mepBoM nepuojae ¢ 97 no 75 °C,
a KOHEYHasi TeMIlepaTypa MpoJyKTa He TPEBbIIIAeT
70-75 °C, 4TO HECOMHEHHO MOJIOKUTEIHHO CKa3bI-
BAeTCs Ha Ka4eCTBE TOTOBOTONPOoAyKTa. [Ipu sTom
HEOOXOJIMMO OTMETHTh, YTO BPEMs BBICYIIUBAHHS
B JIaHHOM OTIBITe HE3HAYUTEIILHO HW3MEHSETCS.
D710 00BACHSIETCS U3MEHEHHEM THUAPOIHHAMHYE-
CKOW OOCTAaHOBKM B Kamepe MpU YBEINYCHUH
pa3psKeHUs TIeperpeToro napa.

YBenuueHre CKOpOCTH JIBUKCHHUE Teperpe-
TOTO Mapa TAK)KE YCKOPSIET MPOLIECC BHICYIIMBAHUS,
9TO 00YCIIOBIIEHO YBEIMUYEHHEM BUOPOKUIIALIETO
CJIOSl W, CIeJIOBATeNbHO, yJAJCHUEe BJard ¢ T0-
BEPXHOCTH MaTepuaia MpPOXOJUT Hanbojee HH-
TEHCHUBHO.
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[Ipu yBenu4eHnY yaenbpHON Harpy3KH MatTe-
pualia Ha TMOBEPXHOCTh Ta30pacIpe/eIUTEIbHON
PEIICTKH TOBBIIIACTCS COMIPOTHBIICHHUE MaTepHaa,
YTO 3aMeJUISET MPOIIECC CYIIKH.

Takum o00pa3oM MOXKHO CHeNaTh BBIBOJ,
YTO JAaHHBIA CIIOCO0 3HEPromojBOJia TO3BOJSCT
COXPAaHHUTh JIOCTOWHCTBA CYIIKH IMEPErpeThIM Ta-
poM (BbICOKHE KOA(D(MHUIMEHTHI TEILIO — MAcCO00-
MeHa, OTCYTCTBHE KHCIOPO/Ia) ¥ PH 3TOM CHU3HTh
TEMIIEpaTypy Marepuayia Jyisl TOBBIIICHUS Kade-
CTBa TOTOBOT'O MPOJIYKTA.

OobocHoBaHMe BHIOOPA U NMpeae 0B M3MEHeHUs!
BXO/JHBIX (p)AKTOPOB.

Jns wccrnenoBaHusl B3aMMOICHCTBUS pas-
JUYHBIX (HAKTOPOB, BIHSIOIINX Ha TPOLIECC CYIIKU
CBEKJIOBHYHOT'O JKOMa IMEPErpeThiM MapoM MOHH-
JKCHHOTO JIaBJICHHS, MPUMEHSIOTCS MaTeMaThye-
CKHE METOJbl TUIAHMPOBAaHUS 3KcnepumMeHTta [3].
MaTtemaTiyeckoe OMUCAHWE [aHHOrO Ipolecca
MOJXKET OBITh MOJYYCHO IMIHUpUYECKH. [Ipu 3TOM
€ro MaTeMaTHYeCKasi MOJICIb UMEET BUJ| yPaBHEHHS
perpeccuy, HaiIEHHOrO0 CTaTHCTUYSCKHUMH METO-
JIaMH Ha OCHOBE DKCIIEPHMEHTOB. MaTemaTnueckast
MOJIeNIb M3y4aeMOoro TIpolecca IpeacTaBlIeHa
B BUJIC MTOJIMHOMA BTOPOM CTETICHU

Y=by+ D b b bxx; (1)

rae b, — cBoOOIHBII UieH ypaBHEHHS, PaBHbIH CpeaHeit
BEJIMYMHE OTKJIMKA MPH YCJIOBHH, YTO paccMaTpuBacMble
(hakTOpBI HAXOASATCS HA CPEIHUX, «HYJIEBBIX», YPOBHSX;
X — MacmtabupoBaHHBIC 3HaYeHUS (PaKTOPOB, KOTOPHIE
ONPeIeISOT (HYHKIMIO OTKIIMKA U IOAIAIOTCS BAPbUPOBAHUIO;
bij — xoadduiEeHThI ABYX(aKTOPHBIX B3aUMOJEHCTBHIA,
TMOKa3bIBAIOIINE, HACKOJIBKO M3MEHSIETCsI CTETICHb BIMSHHS
OJTHOTO (haKTOpa MPH M3MEHEHHH BEIWYMHBI JAPYIroro;
bii — ko3 durrenTsr kBagpaTUIHBIX 3DHEKTOB, OTMpeE/Ie-
JSTFOLIME HEJTMHEHHOCTh BBIXOJHOTO MTapaMeTpa OT pac-
CMaTpUBaeMBbIX (PAKTOPOB; i, ] — HHIEKCHI HAKTOPOB; N —
4yHCIIo (PAKTOPOB B MaTPHIIE TUTAHUPOBAHMS.

Bribupaem cremyromiie ocHOBHbIE (haKTOpPHI,
BIMSTFOLIHE Ha MPOLIECC CYIIKH CBEKJIOBHYHOTO KOMa:
X1 — TeMmepaTypa NEperperoro mapa Ha BXOJE
B pabouyio kamepy, K; X2 — naBnenue neperperoro
napa B paboueii kamepe, klla; X3 — ckopocTh mepe-
rperoro mapa B pabouei kamepe, M/c; X4 — yaenbHast
Harpyska CBEKJIOBUUYHOIO KOMa Ha razopacrpese-
JIUTENBHYIO PENIETKY, KI/M°,

Bce atu pakTopsl HE KOPPETUPYEMBI MEXKITY
co6oii. [Ipemensr n3MeHeHus nccneayeMbIxX (akTopoB
npuBeAeHHI B Tabuune 1
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Taonumna 1.

HpCZLGHLI HN3MCHCHHS BXOIHBIX (l)aKTOpOB

Tablel.

Limits of change in input factors

3naveHus PakTOPOB B TOYKAX IUIAHA |
Values of factors in the points of the plan
YcnoBust TUTAaHUPOBAHMS | KomupoBannoe 3nauenue
Planning conditions Coded value X1 X2 X3 X4
tn, K P., xI1a Vou,M/c QynKT/M?
ts, K Ps, kPa Vs, m/s q,kg/m?
OCHIOBHOI/I YPOBEHb | 0 423 70 4 16
Basic level
I/IHT_ep_Ban_BaanpOBaHm | A 15 15 05 4
Variation interval
BepxHuii ypoBeHs | 41 438 80 45 20
Top level
HwwxHuit ypoBeHs | 1 408 60 35 12
Lowerlevel
BerHﬂff‘«SBiSI[H_aSI» TOYKA | +2 453 40 5 24
The top “star” point
Hwxusa «3:363):[’1:1350-) TOYKa | -2 303 100 3 8
The lower “star” point

BbiOOp HMHTEpBaJIOB M3MEHEHHMsI BXOMHBIX
(akTOpOB  OOYCJIOBJICH TEXHOJOTMYSCKUMHU
YCIOBHSMH TPOLIECCAa CYHIKH CBEKJIOBHYHOTO
’KOMa B aKTHBHBIX THAPOJAMHAMUYCCKHX PSKHMAX,
BO3MOYKHOCTBIO YHOCA YaCTHUI] MaTepUaa u3 cy-
IIWITBHOW KaMepbl, a TAKXKe TEXHUKO-DKOHOMH-
YECKHMH T0Ka3aTe MU TIpoliecca.

KpuTepusiMu OLICHKH BIUSIHHS BXOJHBIX
(akTOpPOB Ha MPOLECC CYLIKH CBEKJIOBHYHOTO
’KOMa SBJISIFOTCS: Y1 — yIIeNIbHBIC SHEPro3aTpaThl
npoiiecca CyIKH, OTHECEHHbIE Ha 1 KT UCTapeH-
HOM Biard, (KBtxu) /kr; Y2 — BIaroHanpspkeHue
CYIIWILHON Kamepsl, Kr/(M3-c).

Bri0op kputepreB otieHkr Y 00YCIIOBIICH
UX HauOOJbIIeH 3HAYMMOCTBIO JUISI Ipoliecca
CYILIKH CBEKJIOBHYHOTO jxoMa. Tak, Y1 ompee-
JISIET DHEPrOEMKOCTh MPOLIECCa U SBIISIETCS BaK-
HBIM TI0KA3aTesIeM B OI[CHKEETO SHEPreTHYECKON

Y, = 2.55+0.25X, —0.056X,, +0.064X, —0.16 X, +0.099X 2 +0.0125X > —0.05X 2 +

3G GEeKTUBHOCTH, Y2 ONpeaeiseT IPOU3BOIM-
TENBHOCTh IIPOLIECCa CYIIKM W HANpsAMYIO
CBSI3aH C €r0 CKOPOCTBIO.

s viccneioBaHus pUMEHSIEM TIEHTPATTEHOE
KOMITO3UIIMOHHOE poTaTadebHOe YHU(OPMILIAHH-
pOBaHME ¥ TIONHBIA (DAKTOPHBIA 3KCHEPUMEHT
[1DD 24. Yucno onbITOB B MATPHUIIE INIAHUPOBAHUS
JUTS YeTBIPEX BXOAHBIX MapameTpoB paBHO 32. [lo-
PSIIOK  ONBITOB PaHIOMHU3MPOBAIM TIOCPEACTBOM
TaOJNHULIBI CITyYaifHBIX YHCENT, YTO UCKITIOYACT BIMSHUC
HEKOHTPOJIMPYEMBIX MapamMeTpOB Ha Pe3yJbTATHI
skcnepuMenTa. IIpu ux oOpaboTke mnpHMeHsieM
CIIeIyIOIINe CTaTUCTHIecKie Kputepun: Koxpena,
Creronenta, @ummepa. B pesynpTaTe momydaem
HEJINHEWHBIE YpaBHEHUsI PErPeccHu, ONHCHIBA-
OLIME JaHHBIN MpoLece:

)

0.184X 2 +0.025X,X ,—0.05X, X, —0.094X, X, —0.0076 X, X,, +0.033X, X, —0.1X, X,

Y, =1.536+0.34X, —0.04X, +0.176 X, —0.24X, +0.1457 X2 +0.07 X2 —0.07X2 +

0.01X? +0.047X,X ,—0.05X, X, —0.12X, X, —0.0033X, X , +0.0008X, X, —0.06 X, X ,

B pesynprare BBIONHEHHWS TPUALATH
IBYX ONBITOB MOJy4YeHa MH(OpMALMA O BIUSHUU
(aKTOpPOB M MOCTPOCHA MaTeMaTHYecKash MOJEIb
Mpoliecca, MO3BOJISIONIAs PacCUUTaTh yENbHbIC
JHepro3arpaTsl W BIArOHANpsHKEHHE O0BeMa
CYIIMJIBHOM KaMepbl BHYTPH BBIOPAHHBIX HHTEPBAIOB

3)

Ha pucynkax 6--10 mokaszaHbl KpUBBIC
PaBHBIX 3HAYEHUH BBIXOTHBIX MAPAMETPOB, KOTO-
pBle HECYT CMBICI HOMOIPaMM M TIPECTABIISIIOT

MIPaKTUYECKUIA HHTEPEC.

BAapbUPOBaHUS BXOAHBIX (1)aKTOp0B.

Jlnst cBsi3u ¢ penakimeit: post@vestnik-vsuet.ru
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Pucynox 6. KpuBele paBHBIX 3HAUEHHWHA YIENBHBIX
9HEpro3arpar OT TEeMIEpaTyphbl MEPErpeToro mapa Ha
Bxojie B kamepy t; (K) u ckopocru meperperoro mapa B
paboueii kamepe, (M/c): 1 —2,35;2-2,5; 3 -2,65;4 - 2,8;
5-2,95;6-3,1; 7—-3,25; 8- 3,405; 9 — 3,56.

Figure 6. Curves of equal values of specific energy con-
sumption from the temperature of superheated steam at the
inlet to the chamber t, (K) and the superheated steam ve-
locity in the working chamber, (m/s):1-2.35;2—-2.5; 3—
2.65;4-2.8;5-2.95; 6 —3.1; 7-3.25; 8-3.405; 9 — 3.56.
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PucyHnox 7. Kpussie paBHBIX 3HA4YECHUNI

BJIATOHAIPSDKEHUS OT TEMIIEPATYPHI IIEPETPETOTO Mapa
Ha BXxoae B pabouyw kamepy t, (K) um maBneHus
neperperoro mapa (k[la): 1 — 0,988; 2 — 1,257
3-1,526; 4 — 1,795;5 — 2,064, 6 — 2,333; 7 — 2,602,
8-2,871;9 - 3,14.

Figure 7. Curves of equal values of moisture stress from
the temperature of superheated steam at the inlet to the
working chamber ts (K) and the superheated vapor pres-
sure (kPa): 1-0.988; 2 - 1.257; 3-1.526;4 — 1,795; 5 —
2.064; 6 —2.333; 7—2.602; 8 — 2.871;9 — 3.14.
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Pucynox 8. KpuBble paBHBIX 3Ha4E€HHH YAENbHBIX
3HEprozarpar OT TEMIepaTypsl IIEpPerperoro mapa
Ha BxoJIe B pabouyto kamepy t, (K) u yaenbHo# Harpy3ku
CBEKJIOBUYHOTO JKOMa Ha Ta30paclpeleiTuTeIbHYI0
PCIIeTKY, (xr/m?):1-2,35;2-25,3-265,4—-285—
2,95;6—-3,1; 7 3,25; 8- 3,405; 9 — 3,56.

Figure 8. Curves of equal values of specific energy con-
sumption from the temperature of superheated steam at
the inlet to the working chamber t, (K) and the specific
load of beet pulp on the gas distribution grid, (kg / m?):
1-235;2-25;3-265;4-28;5-2.95,6-3.1; 7-
3.25; 8-3.405; 9 — 3.56.
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Pucynok 9. Kpussie PpaBHBIX 3HaYeHUI

BIIArOHAINPSDKEHHUSI OT TEMIIEPATypPhl IIEPErpeToro mapa
Ha Bxoje B kamepy t, (K) u ckopoctu meperperoro napa
B paboueii kamepe, (m/c): 1 — 0,988; 2 — 1,257
3-1,526;4 —1,795; 5 — 2,064; 6 — 2,333; 7 — 2,602;
8-2,871,9 -3,14.

Figure 9. Curves of equal values of the moisture stress from
the temperature of superheated steam at the inlet to the
chamber ts (K) and the superheated steam velocity in the
working chamber, (m/s): 1 —-0.988; 2 — 1.257; 3 — 1.526;
4-1,795;5-2.064; 6 —2.333; 7-2.602;8 —2.871;9-3.14.
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Pucynox 10. Homorpamma s ompeneieHUs
sneproémkoctu mporecca (Y1) W BIArOHAMPSHKCHUS
nporiecca cymku (Yz) B 3aBUCHMOCTH OT TEMIIEPATypPhI
M CKOPOCTH HIEPerpeToro mapa

Figure 10. A nomogram for determining the energy
intensity of the process (Y1) and the moisture stress of
the drying process (Y2) as a function of temperature and
superheated steam velocity
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Pucynox 11. 3aBucHMOCTH YAENBHBIX HIHEpPro3aTpar
CYLIUJIbHOW KaMephl OT BXOJHBIX 1apaMETPOB

Figure 11. Dependence of the specific energy consumption
of the drying chamber on the input parameters

OnpeneneHre ONTHMAJIbHBIX HHTECPBAIOB
BapbUPOBAHUS BXOIHBIX (hakTOopoB3amada OITH-
MHU3aluu c(hopMyIHpoBaHa CIEAYIONIM 00pa3oM:
HalTH Takue PEKUMBI PabOTHI CYIIMIKH, KOTO-
pBIe OBl B IIMPOKOM JHAIla30HE W3MEHEHUS BXO/I-
HBIX TapaMeTPOB TIPOIECCa CYIIKH JIOCTABIISIIH
MUHUMYM BJIarOHATPSHKEHUS CYIITHILHOW KaMephl.
Ha pucynkax 11 u 12 npeacraBicHbl 3aBUCHMOCTH
VAETBHBIX DHEPro3aTpaT ¥ BIAarOHAMPSDKEHUS
OT BXOJHBIX ITAPAaMETPOB YIEIbHBIX SHEPro3aTpaT
1 MmakcumyM OOIias MaTeMaTHIeCKast TOCTaHOBKA
3aa4il  ONTHUMH3AIMN TIpeACTaBlieHa B BHIE
CIEeAYIOLEH MOIETH:

a=q(Y,Y,)——>0pt;
D:Y, (X, Xy, X5, X, ) ———>min;

4)
Yo, (X1, X5, Xy, X,) —5—>Mmax;
Y, >0,i =1,2;XJ. <[-2,2],j=14
Y2
251
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Pucynox  12. 3aBHCHMOCTb  BJAaroHarpsHKEHUs

CYLIUJIbHON KaMephbl OT BXOJHBIX IapaMeTPOB

Figure 12. Dependence of the humidity of the drying
chamber on the input parameters

Tabnuma 2.
OnTrMansHbIE HHTEPBAJIBI TAPaMETPOB
Table2.
Optimal parameter intervals
Y, _ X1, K _ Xo,kI1a _ X3, M/c _ X4,KT/M?
min max min max min max min max
Y1 393 408 80 40 3 3.5 16 20
Y> 438 453 100 60 4.5 5 8 12

B pesynbTate ObUH MoTyyeHbl paioHaIbHBIE
WHTEpBaJIBI I3MEeHeHHs apameTpos: X1 =418-428 K;
X7 =60-80 klla; X3 = 3,5-4,5 m/c; Xs=12-16 kr/m%

st mpoBepKM NPaBUIIBHOCTH PE3YJIbTAaTOB
ObLJI IOCTABJIEH PSi/l TAPAJUIEIIBHBIX SKCIEPUMEHTOB.

Jlnst cBsi3u ¢ penakimeit: post@vestnik-vsuet.ru

[Nomy4eHHbIe pe3yIbTaThl MONAAAH B paCCUNTAHHBIE
JIOBEPHUTENbHBIE MHTEPBANBI 10 BCEM KPUTEPHSIM
kauecTBa. [Ipu 3TOM CpemHEKBaJpaTH4HAsI OIIMOKa
He npesblinana 6,1%.
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Pazpaborannass craTUcTHUecKass MOJENb
CYIIKH CBEKJIOBHYHOT'O )KOMa B CpEZIe IIEPErpeToro
napa IOHIKCHHOTO IaBJICHUS MOXKET OBbITh HC-
MOJIb30BaHA NpPU KOHCTPYKTOPCKOH pa3paboTke
OPUTMHATIBHBIX KOHCTPYKLIHMH CYIIMIIBHBIX YCTAHOBOK
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U YIPaBISIONICH amnmapaTypsl ISl BHICOKOUHTCH-
CHBHOTO IpOBeeHus mporiecca [8].

Pemnrena 3aj1a4a ONTHMH3AINH, KOTOPAs 103~
BOJIMJIA BBIIEIUTH ONTUMATBbHYIO 00JIaCTh H3MEHE-
HHSL BXOJIHBIX (DaKTOPOB IO JBYM KPHUTEPHSIM I10-
CpPEICTBOM KOMIPOMHCCHBIX PEIICHHHA.

REFERENCES

1 Orlov V.D., Zaborsin A.F., lvanitskaya L.G.,
Poznyak A.S. et al. Intensification of the processes of
pulp drying and prospects for its development. Moscow,
AgronitEIPP, 1990, 24 p. (in Russian)

2 Andersson V. Beet pulp drying using pressur-
ized superheated steam. Int. Sugar J. 1999. vol. 101. no.
1207. pp. 340-344.

3 Hepbasli A. Exergoeconomic analysis of plum
drying in a heat pump conveyor dryer. Drying Technology.
2010. vol. 28. pp. 1385-1395.

4 Shevtsov A.A., Drannikov A.V., Ponomarev A.V.,
Lesnykh T. V. Exergetic approach to the thermody-
namic analysis of the drying process of beet pulp.
Khranenie I pererabotka sel’khozsyr’ya [Storage and
processing of agricultural raw materials] 2012. no. 12.
pp. 8-12. (in Russian)

5 Shevtsov AA., Drannikov A.V., Kostina E.V.,
Derkanosova A.A. et al. Ustanovka dlya sushki [Instal-
lation for drying dispersed high-moisture materials] Pa-
tent RF, no. 2603225, 2016. (in Russian)

6 Shevtsov A.A., Drannikov A.V., Podrezova A.A.,
Lesnykh T. V. Balanced heat supply of pulp drying de-
partment of sugar beet plant. Vestnik VGUIT [Proceed-
ings of VSUET]2012. no. 3. pp. 153-156 (in Russian)

7 Drannikov AV., Derkanosova A.A., Muraviev
AS., Korotayeva A.A. Kinetic regularities and determi-
nation of the drying time of high-moisture dispersed ma-
terials. Problemy resurso- | energosberegayushchikh
tekhnologii [International Scientific and Technical Con-
ference "Problems of resource and energy-saving tech-
nologies in industry and agro-industrial com-
plex" (PRET-2014): a collection of papers (section
reports)] Ivanovo, 2014. pp. 49-53. (in Russian)

8 Shevtsov A.A., Drannikov A.V., Kutsov S.V.,
Derkanosova A.A. et al. Sposob avtomaticheskogo up-
ravleniya protsessom sushki [A method for automatic
control of the drying process of high-moisture dispersed
materials] Patent RF, no. 2581012, 2016. (in Russian)

9 Emel'janov A.B., Kononov N.R., Jusupov S.,
Mjagkov A.A. On the development of research on re-
source and energy-saving processes in thechemical and
related industries. Vestnik VGUIT [Proceedings of
VSUET]. 2017. vol. 79. no. 3. pp. 148-153. (in Rus-
sian).doi:10.20914/2310-1202-2017-3-148-153.

10 Lukovkin S.B., Hohlova L.I., Shimanskiy S.A.
Modeling of dryingprocess of wood raw material for its
subsequent use at fish smoking. Vestnik VGUIT [Pro-
ceedings of VSUET]. 2017. vol. 79. no. 2. pp. 30-36.
(in Russian). doi:10.20914/2310-1202-2017-2-30-36.

11 Shewvtsov A.A., Drannikov A.V., Shentsova E.S.,
Derkanosova A.A., Yasinevskaya V.P. The choice of rational
parameters for premix storage with choline chloride content.
IzvestiyaVysshikhUchebnykhzavedenii. [News of universities.
Food technology] 2009. no. 5-6. pp. 68-71. (in Russian)



Becmuux BTYHIIT/Proceedings of VSUET, III. 79, Ne 4, 2017.

CBEJEHUSI Ob ABTOPAX

Auekceii B. /I[panaukoB 11.7.H., npodeccop, kadeapa ma-
LIMH ¥ annapaTroB NUIIEBBIX NPOU3BOACTB, Boponexckuil
TOCYAapPCTBEHHBII YHHBEPCUTET HHXKCHEPHBIX TEXHOIO-
ruid, np-T PeBomonny, 19, r. Boporex, 394036, Poccus,
drannikov@list.ru

EBrenuii B. INTBUHOB K.T.H., JOIICHT, Kaenpa TeXHUIe-
CKOM MeXaHUKH, BOpOHEXCKUI rocyqapCTBEHHBIN YHH-
BEPCUTET MHKEHEPHBIX TEXHOJIOTUH, p-T PeBomonuu, 19,
r. Boponex, 394036, Poccusi, zenlit@yandex.ru

Amnnpeii C. IlosikaHoB cTyeHT, Kadepa MallliH 1 alapaToB
MMILEBBIX TPOM3BOACTB, BoOpoHeXCKuil rocynapcTBEHHBIN
YHUBEPCUTET HHKEHEPHBIX TEXHOIOI UM, p-T PeBomomny, 19,
r. Boponesx, 394036, Poccusi, andrej.polkanov.96@mail.ru
Hapes K. Koctuna crynent, xadeapa MaIlliH U alliapaToB
[UILEBBIX IPOU3BOICTB, BOpPOHEXKCKUI TOCYyAapCTBEHHBIN
YHHUBEPCUTET HH)KEHEPHBIX TEXHOJIOTHH, TIp-T Peomormm, 19,
r. Boporesx, 394036, Poccus, kostina.dasha.2111@mail.ru

KPUTEPHUI ABTOPCTBA

AJjiexceii B. I paHHHKOB IPEIOKUIT METOJUKY POBEICHHS
JKCIIEPUMEHTa U OpPraHu30Bal  IIPOM3BOJCTBEHHBIC
UCTIBITaHUS

EBrenuii B. JIUTBHHOB KOHCYIBTAIUS B XO/I€ UCCIIETOBAHMS
Anapeii C. IlojkaHOB NPOBEI SKCIEPUMEHT, BBINOIHUII
pacuérel

Hapba K. KocTuna Hammcana pykonuch, KOppeKTHpOBaia e
JI0 MOJAa4uy B PEJAKIMIO U HECET OTBETCTBEHHOCTD 3a IIaruaT

KOH®JIUKT UHTEPECOB
ABTOPBI 3asIBIISIIOT 00 OTCYTCTBUH KOH(IIMKTAa HHTEPECOB.
MMOCTYIINJIA 30.09.2017

IIPUHSTA B IIEYATH 17.11.2017

Jlnst cBsi3u ¢ penakimeit: post@vestnik-vsuet.ru

INFORMATION ABOUT AUTHORS

Aleksey V. Drannikov Dr. Sci. (Engin.), professor, Ma-
chinery and food production machines department, , VVoro-
nezh state university of engineering technologies, Revolu-
tion Av., 19 Voronezh, 394036, Russia,drannikov@list.ru

Evgene V. Litvinov Cand. Sci. (Engin.), associate profes-
sor, technical mechanics department, VVoronezh state uni-
versity of engineering technologies,, Revolution Av., 19
Voronezh, 394036, Russia, zenlit@yandex.ru

Andrey S. Polkanov student, Machinery and food produc-
tion machines department, VVoronezh state university of en-
gineering technologies, Revolution Av., 19 Voronezh,
394036, Russia, andrej.polkanov.96 @mail.ru

Darya K. Kostina student, Machinery and food production
machines department,, Voronezh state university of engi-
neering technologies, Revolution Av., 19 Voronezh,
394036, Russia, kostina.dasha.2111@mail.ru

CONTRIBUTION

Aleksey V. Drannikov proposed a scheme of the experiment
and organized production trials

Evgene V. Litvinov consultation during the study
Andrey S. Polkanov conducted an experiment, performed
computations
Darya K. Kostina wrote the manuscript, correct it before
filing in editing and is responsible for plagiarism
CONFLICT OF INTEREST
The authors declare no conflict of interest.

RECEIVED 9.30.2017
ACCEPTED 11.17.2017

39



