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2 Poccuiickuii rocytapcTBeHHBIH arpapHbiil yausepeuter — MCXA nmenn K.A. Tumupsisena, yir. TumupsizeBckast 49, r. Mocksa, 127550, Pocenst
AnHoTtanus. IIpencTaBieH aHANMM3 BIMSHHMSA OCHOBHBIX (DaKTOPOB HAa KMHETHKY IpoIecca CYIIKH (h)epMEHTHPOBAHHOTO IIMIECHIYHOTO CHIPBS B
BHOpoKHIIAILEM cioe. Llens uccnenoBaHust — M3ydeHHE BIMSHUS OCHOBHBIX TEXHOJOTMYECKMX IapaMETPOB HA KMHETHKY IPOLECCAa CYIIKH
(hepMEHTUPOBAHHOT'O IIIEHIYHOTO CHIPHSI B BAOPOKUITIIEM IIEPECHIIAIOIIEMCS CII0E IIPH aTMOCHEPHOM JaBlIeHHUH. B kaduecTBe OCHOBHBIX (haKTOPOB,
BIIMSIIOIMX HA IPOLECC CYLIKH, ObUIM BBIOpAHBI: TEMIEpaTypa CYLIMJIBHOIO areHTa, IM0AaBaéMoro B CYIIMIIKY, CKOPOCTb CYIIMJIBHOTO areHTa,
aMIUIATY 2 KoJdeOaH!i ra30pacipeeIuTeNbHbIX TOJIOK, YaCTOTa KoJeOaHui ra30pacipe/ieuTebHbIX HoOoK. 110Kka3aHo BIMAHME TeMIepaTypsl 1
CKOPOCTH BO3/yXa Ha IIPOLIECC CYIIKHU CBIPbsI, BIMAHNE aMILIUTYbI X 4aCTOThI KoneOaHuii ra3opacnpeieuTeNbHON PeleTK Ha KUHETHKY Iporecca
CcymIKU hepMEHTHPOBAHHOTO IIPOYKTA, 4 TAIOKE BIUSHIE yAEIbHONU HArPy3KH IPOAYKTa Ha IIPOLIECC BIArOyJaleHHs. AHAIIN3 IPUBEJCHHBIX KPHBbIX
MOKA3bIBACT, YTO NPH YBEIUYCHHH AMIUIUTYJbI KOJeOAaHHS] yMEHBIIAECT BpeMs CYIIKH, a IOBBIICHHE YAacTOThI KoneOaHuii MOJOK CIOCOOCTBYET
YMEHBIIECHUIO BpeMeHH! cymIKy. [Ipyu 3ToM HabIrogaeTcss paBHOMEPHOE HMOBBILICHHE HHTEHCHBHOCTH CYIIKU BO BCEM HHTEpPBaJIe PACCMATPUBACMBIX
ammuTys. T1oBbIIeHHEe 9acTOTBI KONeOaHMI Ta30pacpeNeUTeIbHON PELIETKI TakKe CIIOCOOCTBYET CHUKEHHIO ITUTEIBHOCTU MPOLECcca CYIIKH
(bepMEHTUPOBAHHOTO NIIEHHYHOTO ChIpbsA. ClIeNyeT OTMETUTh, YTO aMILIMTYAa KOJIeOaHWH CHIbHEEe BIMSET HAa CHIDKCHHE HPOAOIDKUTEIBHOCTH
CYIIKU CBIPBSI, YEM 4acTOTa. Taxum oOpa3oM, HaMu ObUI CIENaH BBIBOJ, YTO B HCCIEAYEMbIX MHTEpBAaJaX W3MEHEHUS aMIUIUTYbl U YacTOTHI
Konebanuii nep(hOpHUPOBAHHBIX MOJIOK Ha TPOLIECC CYIIKH (PePMEHTHPOBAHHOI'O MIICHUYHOT'O CHIPhsI CHJIbHEE BIMSET aMILTUTYIa KoneOanuit. Kpome
TOr0, IIPH BEIOOpE MapaMeTPOB BUOPALIMY CIICAYET YIHTHIBATH BEIMUUHY YCIbHOH HArPY3KH MaTepHasa Ha PEIIETKY U ero HadaJbHYHO BIAXKHOCTb.
KioueBble cjI0Ba: KUHETHKA, CYIIKA, ()ePMEHTHPOBAHHOE MIIIEHUYHOE ChIPbE
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Abstract. The analysis of the influence of the main factors on the kinetics of the drying process of fermented wheat raw materials in a vibro-boiling
layer is presented. The purpose of the study is to study the influence of the main technological parameters on the Kinetics of the drying process of
fermented wheat raw materials in a vibrating boiling overflowing layer at atmospheric pressure. The main factors affecting the drying process were
selected: the temperature of the drying agent supplied to the dryer, the speed of the drying agent, the vibration amplitude of the gas distribution
shelves, the vibration frequency of the gas distribution shelves. The influence of temperature and air velocity on the drying process of raw materials,
the influence of the amplitude and frequency of oscillations of the gas distribution grid on the kinetics of the drying process of the fermented
product, as well as the influence of the specific load of the product on the process of moisture removal are shown An analysis of the curves shows
that with an increase in the amplitude of the oscillation, it reduces the drying time, and an increase in the frequency of oscillation of the shelves
contributes to a decrease in the drying time. In this case, a uniform increase in the drying intensity is observed over the entire range of the amplitudes
considered. An increase in the oscillation frequency of the gas distribution grid also helps to reduce the duration of the drying process of fermented
wheat raw materials. It should be noted that the amplitude of the oscillations more strongly affects the decrease in the drying time of the raw
material than the frequency Thus, we concluded that in the intervals under study the changes in the amplitude and frequency of vibrations of
perforated shelves on the drying process of fermented wheat raw materials are more strongly affected by the amplitude of vibrations. In addition,
when choosing vibration parameters, the specific load of the material on the grate and its initial humidity should be taken into account..
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BBenenue

HenoctatouHO MporpeccHBHBIA TEXHUYECKHA
YPOBEHB CYILIHIIOK JTs1 BRICOKOBIKHBIX JUCIIEPCHBIX
MaTepualioB OIpPE/IESIeT HEBBICOKOE KaueCTBO BBICY-
IICHHOW TPOYKIINU M 3HAYMTEBHBIC SHEPro3aTPaTh
Ha [IPOU3BO/ICTBO, BBI3BIBACT HEOOXOTMMOCTD BBEJIC-
HUSI BCIOMOTATENbHBIX OMEPAIUid U TOCTHKCHHS
TpeOyeMoro KavecTBa TOTOBOM MPOAYKLHUH, YTO
HPUBOINT K YBEITMYCHHIO C€0ECTOMMOCTH MPOJTYKTA.

[ToaToMy penieHHe BOIPOca 0 COOTBETCTBHU
ONTUMAJILHOTO 3HAYEHHS BIArOCOACPKAHHUS U
TEeMIEepaTypbl MaTepuaia KHHETHICCKHM 3aKOHO-
MEPHOCTSIM Tpoliecca 00C3BOKHBAHUS SIBIISETCS
OZHOM W3 aKTyalbHBIX 3a/ad NPH OpraHH3alUH
TEXHOJIOTUH BBICOKOMHTEHCHBHOI CYLIKH TEPMO-
4yBCTBUTENIBHBIX MAaTEPHAJIOB.

ITox KHMHETHKOW mporecca CYIIKH ITOHH-
MalT U3MEHCHHE CPEIHEr0 BIIArOCOACPIKAHUS U
CpelHei TeMIepaTyphl Tela ¢ TeYCHHEM BPEMEHH.
DTH 3aKOHOMEPHOCTH KMHETHKHU MPOIecca CYIIKH
MO3BOJISIIOT PAcCYUTaTh KOJHYESCTBO HCHAPEHHON
BJIarM M3 MaTepHaa U Pacxo/]] TeIia Ha Cymiky [1].

ean padoThbl — U3yUCHUE BIMSTHAS OCHOBHBIX
TEXHOJIOTMYCCKUX MMapaMETpPOB HA KMHETUKY IIPO-
recca Cymkd (hepMEHTHPOBAHHOTO MIICHHYHOTO
CBIPbs B BUOPOKHITAIIEM HEPECHINAOIIEMCs CII0e
pH aTMOC()EPHOM JaBIICHUH.

MaTepI/IaJ'II)I H ME€TObI

B kauecTBe OCHOBHBIX (haKTOPOB, BIHSFOIINX
Ha MPOILIECC CYIIKU, ObUTH BEIOpPAHBI: TEMIIEpaTypa
CYHIMJIBHOTO areHTa, MoJaBaeMoro B CYHIMJIKY,
CKOPOCTh CYIIWJIBHOTO areHTa, aMIUTHTy/a KoJje-
OaHMl ra30pacHpeeNUTeNIbHBIX I0JIOK, YacToTa
KoJieOaHMH ra3opacrpeaeuTeIbHbIX MOJIOK [2, 3].
B yciioBHsIX ONTHMAIBHOTO THIPOJMHAMUYIECKOTO
peKHMa C WCTOIB30BAHHEM METO/a TUIAHHPOBAHUS
IKCIIEPUMEHTa HaMH TPOBE/ICHBI HCCICIOBAHMUS
KWHETUKH CYIIKH U TeryiooOMeHa (epMeHTHpo-
BaHHOTO MIIIEHUYHOTO CBHIPbS B alapare ¢ BHOPO-
KUTISIIIAM TIePECHITAIOIINMCS CIIOEM.

HccrnenoBanusi BIMSHHS TEMIIEPaTypbl H
CKOPOCTH BO3/lyXa Ha MpOIecCc CYIIKH MPOBOAM-
JHCh ¢ HEPMEHTHPOBAHHBIM MIIICHUYHBIM CHIPbEM,
THIPOJIM30BaHHBIM B Jlaboparopun  Kadeaps
OuoxumMHM 1 OHOTEeXHONOTMH Boponeskckoro rocy-
JapCTBEHHOTO YHWBEPCUTETAa MH)KCHEPHBIX TEXHO-
JIOTHH, TIPU €r0 HaYaIbHOW BJIaYKHOCTH WiC = 150%.
[Ipu uccnenoBaHWU KCIONB30OBAIHCH U3yUYCHHBIC
THTPOTEPMHUYECKUE CBOICTBA ChIphs [4].

Pe3y.]'ll)TaTl)I H oﬁcymﬂe}me

Pe3ynbrarel nccnenoBaHMi MpeCTABICHBI
Ha pucyHKax 1, 2. AHaiIHM3 BIMSHASA TEMIEPATYPHI
M CKOPOCTH BO3[yXa Ha IMPOLECC CYIIKA CHIPHA
B BUOPOKHUIISALLEM CJIO€ I10Ka3aJl, YTO [IPOLIECC MPo-
TEKaeT B IEPBOM U BTOpPOM nepuojax. Miamenenue
CKOpPOCTH W TEMIIEpaTypbl CYLIMJIBHOTO areHTra
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He BIUSET HA XapaKTep N3MEHEHHS KPUBBIX CYIIKH
coIpbsl. [Ipu 3TOM OoMbILIas YacTh BIAark yaanseTcs
B [IEPUO/IE TOCTOSTHHOM CKOPOCTH CYIIKH. DTO 00b-
SCHSIETCS TeM, YTO (PEepPMEHTHPOBAHHOE TILICHUYHOE
CBIPbE FIMEET Pa3BUTYIO TIOPOBYIO CTPYKTYPY, KOTO-
pasi COIEpKUT 3HAYUTETHHOE KOJMYECTBO BIArd
B MaKpOKaIMJUIIpax.

BrnusiHue CKOpOCTH M TEMIIEpaTypbl TEILIo-
HOCHUTENS HAa CKOPOCTh CYIIKU B MEPBOM TEPHOAC
HEOJMHAKOBO. Tak, yBEIMYEHHE TeMIepaTyphl
¢ 393 no 423 K npuBOIUT K BO3PACTAaHHIO CKOPOCTH
cymka B 1,5 pasa. MeHsIliee BIusSHIE Ha WHTEH-
CHUBHOCTD CYIIIKH OKa3bIBAET N3MEHEHNE CKOPOCTH
TeroHocuTeNs. Tak, yBelInyeHne CKOPOCTH BO3IyXa
B 9 pa3 (c 1 10 3 M/c) crocoOCTBYET BO3PACTAHUIO
CKOpOCTH cymku Ha 25%.
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Pucynox 1. KpuBble cymkm W CKOPOCTH CYIIKH
(hepMEHTHPOBAHHOTO IMILIEHUYHOTO CHIPbS MPH PA3ITUIHON
TeMIeparype CymmipHoro arenTa, K: 1 — 393; 2 — 400,5;
3-4155;4-423; A =3 mm; f=125Tm; v =2 wm/c;
q =10 xr/m?

Figure 1. Drying Curves and drying rates of fermented
wheat raw materials at different temperatures of the
drying agent, K: 1 —393; 2 —400,5; 3 — 415,5; 4 — 423;
A =3mm; f=125Hz;v=2m/s; q=10 kg/m2
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Pucynox 2. KpuBble CyIIKM M CKOPOCTH CYIIKH
(hepMEHTHPOBAHHOTO MIIIEHUYHOTO CHIPS MPU Pa3IHMIHBIX
CKOPOCTSIX CYIIMIIBHOTO areHta, m/c: 1 —1;2-2;3-3;
A=3mm; f=125Tu; T=408 K; q= 10 xr/m?

Figure 2. Drying curves and drying rates of fermented
wheat raw materials at different speeds of the drying
agent, m/s1-1;2-2;,3-3; A=3mm; f=125 Hz,
T =408 K; g = 10 kg/m?.
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[pn noctwxeHnn MaTepHanoM NEepBON KpH-
THUYECKOHN BIAXKHOCTH HACTYTAET NEPHO/] MaaloIIeH
CKOPOCTH CYIIKH, KOTOPBIHI MO XapaKkTepy H3MEHEHHS
KpHBOi HeogHopoaeH (pucyHok 1, 2). B Hauame
3TOT0 IEPUOAA CKOPOCTh CYLIKH YMEHBIIAETCS IO
KPHBOH, 0OpaIlleHHOH BBITYKJIOCTBIO K OCH a0CIHCC,
a 3aTeM MO KPUBOH, OOpAIEHHOW BBIMYKIIOCTHIO
K OCH OpJIMHAT.

Touka nepern6a BO BTOPOM IEPUOE CYLIKH
(BTOpas KpuTHIECKast BIKHOCTD) YCIOBHO pase-
JSIeT BJIAry MHUKPOKANMJUIIPOB U afcOpOIMOHHO-
CBSI3aHHYIO Biary. BrnusiHue cCKOpoCTH U Temmepa-
TypBl BO3AyXa HA WHTEHCHUBHOCTH CYIIKH B 3TOM
MEpUOJIe IO CPABHEHHUIO C NEPUOJOM ITOCTOSIHHON
CKOPOCTH B LIEJIOM HE MEHSETCSI.

XapakTep U3MEHEHHsI TeMIEPATypPhl YaCTHIL
(hepMEeHTHPOBAHHOTO MIIIEHUYHOTO CHIPHS, HA0IIO-
JaeMblil Ha KPUBBIX HarpeBa (PHCYHOK 3), COOT-
BETCTBYET MEpUOJiaM MOCTOSHHOW M MaAaromei
CKopocTH cywmku. Kak BUIHO U3 pUCyHKa 3, Mate-
pHa nporpeBaeTcs 10 MOCTOSIHHON TEeMIIEpaTyphl
OUYeHb OBICTPO. DTO OOYCIIOBJIEHO TEM, YTO CYIIKa
OCYLICCTBJICTCA B AKTUBHOM T'MAPOJAWMHAMUYCCKOM
pEeXUMeE, MalbIM XapaKTepHBIM pa3MEpOM YaCTHIL
00BEKTa CYIITKH, a TAKKE BRICOKUMHU KOAPPUITHESH-
TaMu TerroooMena [4].
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Pucynok 3. TemneparypHble KpHBbie (HepMEHTHUPO-
BaHHOT'O MIIEHUYHOTO chIpbst ipu W = 150%, 4 = 3 mm;
f=125Tm v =2wmkc; qg= 10 xkr/m* 1 — 393 K;
2—-4005K;3-4155K;4-423 K
Figure 3. Temperature curves of fermented wheat
raw materials at WC = 150% 4 = 3mm; f = 12,5 Hz;
v=2mls; q=10 kg/m* 1 — 393 K; 2 — 400,5 K;
3-4155K;4-423K

Hamuue neproia moCTOsIHHON TEMITEpaTyphl
TOBOPUT O TOM, YTO HMHTEHCHBHOCTH IUPQPY3UH
BJIaTW TIPEBBINIAET WHTEHCHBHOCTH BIIArOOOMEHa.
[Tpu 3TOM, KaK BUIHO U3 PUCYHKA 3, B 3TOM TIEPHOJIC
CYIIIKH TeMIIepaTypa BHYTPH YaCTHI] MTPOIYyKTa B
HCCIEAYEMbIX MHTEPBAIaX TEMIEPaTypbl BO3AyXa
He mnpesbimaer 373 K. JlanHbii Qakt MOXKHO
OOBSICHUTh OCOOEHHOCTBIO CTPYKTYPHI MPOIYKTA,
o0JIaJiatolero pa3BUTONH IOPOBOH CTPYKTYpOH,
U BBICOKOM HAyaJIbHOW BJIAXKHOCTHIO Marepuara.
Takum 00pa3om, Biara BHyTpPH YacTHuIl pepmeH-
TUPOBAHHOTO MIIEHUYHOTO CHIPbS B IEPHOJE
MOCTOSTHHOM ~ CKOPOCTH  CYILKH IepeMeliaeTcs
B OCHOBHOM B BHJIC KUIKOCTH.
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Pe3ynbraTel uccnenoBaHuil BIMSHUS aMIUTU-
TY/IBI U 9aCTOTHI KOJIEOAHMH ra30pacipeeUTeIbHON
peleTkd Ha KHHETUKY Iporecca Cymku GpepMeH-
THPOBAHHOTO MUIEHUYHOTO CBIPbS,, HMMEIOLIETO
HauvanbHyo Braxxnocts W = 150%, nmpencraBienst
Ha pucyHKax 4, 5.

AHanm3 NpUBECHHBIX KPUBBIX MIOKA3HIBACT,
YTO TIPU YBEIMYEHUHM aMIUIATYIbl KojeOaHUs
¢ 1 105 mm (B 5 pa3) yMeHbIIaeT BpeMsi CYIIKH
B 1,4 paza, a MOBBIIIEHNE YACTOTHI KOIEOAHUH TOJIOK
no 12,5 T'm (B 1,6 pa3a) crmocoOCTBYeT yMEHBILICHHIO
BpeMeHH cymku B 1,2 pasa. [Ipu sTom HaGmona-
€TCsl PaBHOMEPHOE IOBBIINIEHUE WHTEHCHUBHOCTH
CyIIKH BO BCEM HHTEPBAJie PacCMaTPHUBAEMBIX
amMruinTy 1. Ho xak mokasanu pe3ynbTaThl 3KCIepH-
MEHTAJIbHBIX HCCICHOBAHMNA Pa3BUTHIA BHUOPOKH-
MSIIAA CIIOW Marepualia HaOIoJaeTcs yxKe MpH
HEOOBIINX aMIUTUTYIaX KoJieOaHMi, JalpHenlIee
TIOBBIIIIEHHE KOTOPOI HE CIIOCOOCTBYET YBEITMUEHHIO
WHTEHCUBHOCTH CYIITKH.
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Pucynok 4. KpuBble CYImKH M CKOPOCTH CYIIKH
(hepMEHTHPOBAHHOTO MIIEHUYHOTO CBIPbs npu
Pa3MUHBIX ~ aMIUIMTyJaxX KoJeOaHWil Taszopacrpese-
JIMTENLHBIX TIOTOK, MM: 1 —1,2-2,3-4,4-5; T=408 K;
f=12,5Tw; v=2wm/c; q=10 kr/m?
Figure 4. Drying Curves and drying rates of fermented
wheat raw materials at different amplitudes of gas
distribution shelves, mm: 1 - 1,2 - 2,3 - 4,4 - 5;
T=408K;f=125Hz

Amnanm3 pucyHka 4 mokasbIBaeT, 4T MOBBIIIIE-
HHUE YacTOTHI KOJICOAHWH Tra30pacrpeeluTeIbHOM
PEIIETKH TOKE CITIOCOOCTBYET CHIKEHHIO JITUTEIh-
HOCTHM TIpoliecca CymKkd (EPMEHTHPOBAHHOIO
MIIEHUYHOTro chipbs. Ho cnenyer oTMeTuTh, 4TO
aMILTUTY/1a KOJieOaHW CUITbHEE BITUSICT HA CHIDKEHUE
MPOAOJIKUTEIIBHOCTHA CYUIKH ChIPbs, YEM YaCTOTA.

TakuMm oOpa3oM, HaMu OBUT CENIaH BBIBOI,
YTO B MCCIEAYEMbIX HWHTEpPBAIAX HW3MEHEHUS
amrutuTyabl A4 1 yactotsl f konebanuii nepdopupo-
BaHHBIX IIOJIOK Ha MPOILECC CYIIKH (hepPMEHTHPO-
BAaHHOTO TMIIEHUYHOTO ChIPbSi CHUJIbHEE BIUAET
amruntya konebanuii. Kpome toro, mpu Beibope
rmapamMeTpOB BHOpAIMH CIEAYET YIUTHIBATh BEIH-
YUHY YJEIbHOM Harpy3ku MaTepHalia Ha PEeLIeTKy
Y €r0 HaYaJIbHYIO BJIAXKHOCTD.

Pe3ynbTaThl UCCe10BaHUN BIUAHUS Y]1€J1b-
HOU Harpy3ku Ha KHHETUKY CYLIKU MPEACTABICHbI
Ha pUCYHKe 6.
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Pucynok 5. KpuBble cymku u CKOpOCTH CymIKH (pepMeH-
THPOBAHHOT'O MILIEHAYHOTO CBIPBSI P PA3ITMYHBIX YACTOTAX
KoJe0aHus ra30pacipeeNnuTeNbHBIX ToJoK, [ 1 — 8,

Pucynox 6. KpuBble CyIIKH M CKOPOCTH CYLIKH
(hepMEHTHPOBAHHOTO MIIICHUYHOTO CHIPBSI PU Pa3INYHBIX

2-125,3-17: A=3mm; V=2 m/c; T=408 K; g = 10 kr/v? yeNbHBIX Harpyskax, ki/m% 1 —20; 2 — 15; 3 - 10; 4 - 5;
. ) ’ " ’ A=3mm;v=2wm/c; T=408K; f=12,5T1
Figure 5. Dying Curves and drying rates of fermented . . .
wheat raw materials at different frequencies of oscillation Figure 6. Drying Curves and drying ra;tes of fermented
of gas distribution shelves, Hz : 1 — 8, 2 — 12,5, 3 — 17; wheat at different specific loads, kg/m?: 1 — 20; 2 — 15;
A'=3mm; v =2m/s: T=408 K; q = 10 kg/m? 3-10;4-5;4=3mm;v=2m/s; T=408 K;f=125Gz
3aKoYeHHe nepuoze B 2,5 pa3a, a o011as mpoA0IKATENEHOCTh

CYIIIKU TIPY 3TOM yMeHbIaeTes B 1,5 paza. Yeenuue-
HHE CKOPOCTH CYILKH TIPH YMEHBLIEHUH KOJIMYeCTBa
3arpy’aemMoro B pabouyio KaMepy ChIpbs 00 BsCHS-
eTCsl yBeIMUeHUEM Kod((UIIMEHTa TEIIoo0MeHa
BCJICJICTBUE AKTHUBU3ALUU adPOJUHAMHYECKOTO
pexrMa 00TEKaHUs YaCTHIL ChIPbS TEINIOHOCHUTE-
JeM ¥ YBEIWYCHHEM KOJIWYECTBa IOJBOIUMON
K HHAM TeIIoTHI [5].

AHaIM3UpYys PUCYHOK 6, MOXKHO BHIETH, 9TO
SHAYUTCIIbHOC BJIMAHMC Ha CKOPOCTb WM MPOJOJIDKU-
TENBHOCTh TIpOIlecca CYHIKH (hEPMEHTHPOBAHHOTO
MIIEHWYHOTO CHIPhsS OKa3bIBACT yIENIbHAS Harpyska
(hepMEHTHUPOBAHHOTO MIICHHYHOTO CBHIPhSl HA ra30-
pacmpeneNuTeNnbHy0 TONKy. Tak, yMeHbIIeHue
yIenbHOM Harpy3ku or 20 g0 5 kr/m? cmoco6-
CTBYET YBEIHYCHHUIO CKOPOCTH CYIIKH B IIEPBOM
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