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AnHoTtanus. B bpsackom ['AY mipoBoasTCst Heceq0BaHMSI TI0 UCTIONB30BAHMIO TSI CYIITKH 3e€pHA TIep-
CIIEKTHBHOIO BU/A CYIIMJIBHBIX YCTAHOBOK - CYIIMJIKH a3pOJIMHaMU4ecKoro Harpesa. Kak nokaspiBaer npax-
THKa Ha MPOJOIKUTEIHHOCTD CYILIKH 3€pHA HAHOOJbIIee BIUSHNAE BIaXXHOCTh 3€pHa, TEMIIepaTypa CyIInIb-
HOTO areHTa, Pacxoj] CYIIMIBLHOTO areHTa. Beul peannsoBan (pakTOPHbIN SKCIIEpUMEHT TUTIA 3% ¢ BapbUPOBa-
HUEM (HaKTOPOB Ha TPEX YPOBHSIX: BIAKHOCTH 3epHA ® = 16; 18; 20 %; Temmneparypa cymuibpHOro arenra 7’
= 50; 55; 60 °C. B xadecTBe OTKJIMKA OMPEICIUIIACH MTPOIODKUTEILHOCTD CYIIIKK 3¢pHA J0 BiIakHOCTH 14
%. Llens nuccienoBaHus: YCTaHOBIEHHE 3aBUCUMOCTH MPOJOIKUTENBHOCTH TPOLIECcCa CYIIKH 3€pHa OT TEM-
HepaTypbl CyIIMIBHOTO areHTa ¥ BIaXXHOCTH 3epHa. [ yMEeHbIICHNS TPYAOEMKOCTH 3KCIIEPUMEHTAIbHBIX
UCCIIEI0BAaHNH, YMEHBIICHNUSI MAacChl BBICYIIMBAEMOr'0 U, COOTBETCTBEHHO, YBIAXXHAEMOTO 3€pHa YacTb IO-
BOJSIIMX M OTBOISIINX KOPOOOB CYIMIMIBHOM MaXThl ObUIO 3ariyiieHo. OCTaBICH TOIBKO PSA MOABOASIINX
KOpOOOB M J1Ba psifia OoTBOAALIMX. sl JOCTHXKeHHsT TpeOyeMoi BIaXKHOCTH 3€pHA, MOJBEPraroIerocs CyIi-
Ke, IIPOU3BOAMWIN ero yBiaxkHeHue B konuuectse 200 kxr. TemnepaTypy CyLIIMJIBHOIO areHTa ONPEaessiIi ¢
nomomisio Meteomerpa MOC-200. BnaxkxHocTh U TemIiepaTypy 3epHa omnpeaensuin Baaromepom Wile-65. B
pe3yabTate 00pabOTKU Pe3yJIbTaTOB SKCIIEPUMEHTA B Mporpamme Statistica 13 moiy4eHo ypaBHeHUE perpec-
cuu. C pocTOM TeMIepaTyphl CyLIMIBHOIO areHTa U MOHMKEHUEM BIIaXXHOCTU 3€pHA MPOJIOJDKUTENBHOCTD
CyUKH cHWxaercs. IIpu 3ToM B NPOJOIDKUTEIBHOCTD CYIIKH BXOJUT BpeMs IPOrpeBa caMol CYIIWIKH, KO-
TOopoe cocTaBiieT nopsaka 20 MuH 10 HabOpa TeMIepaTyphl CyIIMIFHOTO arenTa B npeaenax 45°C. Takum
00pa3oM, MOJIyY€HHOE B Pe3yjIbTaTe IKCIEPUMEHTAIBHBIX HCCIIEAOBAHUN CYLIMJIKU a3pOJMHAMUYECKOrO
HarpeBa ypaBHEHHUE I103BOJIAET POrHO3UPOBATH IPOJOKUTEIBHOCTD IIpOLiecca CYLIKH 3€pHa B 3aBHCHUMO-
CTH OT €T0 BIQXKHOCTH U TEMIIEPATyphl CYIIMILHOTO areHTa. [Ipu 3ToM Hanbonbliee BIUIHUE HA TIPOJOIKHU-
TEJNBHOCTB MPOLIECCa CYIIKM OKa3bIBAaeT BIAKHOCTh 3€pHA B Ipeeiax JAOMYCTUMBIX 3HAUYCHUH TeMIIEpaTyphbl
CYLIMJIBHOT'O areHTa.

KiioueBblie cioBa: asponnHaMUYEeCKU HAarpeB, TEMIIEpaTypa CYLIMIBHOTO areHTa, BIaKHOCTh 3€pHa,
MPOJOJDKUTENBHOCTD CYIIKY 3€pHA, IIAHUPOBAaHHUE HKCIIEPUMEHTA.

1 nuTHpoBaHus:. BinsiHue TeMIepaTypbl CyIIWIBHOIO areHTa U BJIaKHOCTU 3€pHA Ha MPOJOJIKU-
TEJIBHOCTH IPOIIecca CYIIKU B CYIIHIKE adpoauHamuueckoro Harpea / B.H. Oxepenses, AWM. Kynpeenko,
X.M. Hcaes u np. // Becrauk Bpsiackoit [CXA. 2025. Ne 6 (112). C. 61-65.
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INFLUENCE OF DRYING AGENT TEMPERATURE AND GRAIN MOISTURE CONTENTS
ON DURATION OF DRYING PROCESS IN AERODYNAMIC HEATING DRYER

Victor N. Ozherel’yev, 'Alexei I. Kupreenko, 'Hafiz M. Isaev, Tat’yana N. Tolstoukhova,
!0leg A. Kupreenko, 2Stanislav M. Mikhailichenko
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Abstract. The researches on the use of a promising type of drying units - an aerodynamic heating dryer,
for drying grain are being conducted at Bryansk State Agrarian University. As practice shows, the duration of
grain drying is most affected by the grain moisture content, the temperature of the drying agent, and the flow
rate of the drying agent. A factorial experiment of type 32 was carried out with the factors varying at three lev-
els: grain moisture @ = 16; 18; 20 %; drying agent temperature 7= 50; 55; 60 °C. The response was determined
by the duration of grain drying to a moisture contents of 14%. The purpose of the study was to determine the
dependence of grain drying process duration on the drying agent temperature and grain moisture. To reduce the
labour intensity of experimental researches, to decrease the mass of the dried material and, accordingly,
moistened grain, a part of the supply and discharge boxes of the drying shaft was blocked. Only a row of
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supply boxes and two rows of discharge boxes were left. To achieve the required moisture contents of the
grain being dried, it was moistened in an amount of 200 kg. The temperature of the drying agent was deter-
mined by using the MES-200 meteorometer. The grain moisture and temperature were determined by using a
Wile-65 moisture meter. The regression equation was obtained by processing the experimental results using
Statistica 13. As the drying agent temperature increases and the grain moisture decreases, the drying time
decreases. The drying time includes the time required to warm up the dryer, which takes approximately 20
minutes to reach a drying agent temperature of 45°C. Thus, the equation obtained as a result of experiments
of the aerodynamic heating dryer allows us to predict the duration of the grain drying process depending on
its moisture contents and the temperature of the drying agent. At the same time, the moisture contents of the
grain has the greatest impact on the duration of the drying process within the permissible temperature range
of the drying agent.

Keywords: acrodynamic heating, drying agent temperature, grain moisture contents, grain drying dura-
tion, experimental planning.

For citation: Influence of Drying Agent Temperature and Grain Moisture Contents on Duration of Drying
Process in Aerodynamic Heating Dryer / Ozherel’yev V.N., Kupreenko A.L, Isaev Kh.M., et al. // Vestnik of the
Bryansk State Agricultural Academy. 2025. No. 6 (112). pp. 61-65.

Beenenue. B bpsanckom 'AY mpoBonsarcs ucciaeqoBaHus O UCMOIB30BAHUIO 7Sl CYIIKH 3€pHA Mep-
CIIEKTUBHOI'O BU/Ia CYIIMIBHBIX YCTAHOBOK - CYIIMJIKY a3pOAMHAMUYECKOro Harpesa [1-6].

Kak mokaspIBaeT mpakTHKa Ha MPOAOIKUTENBHOCTh CYIIKH 3€pHA HAaWOONbIIEe BIUSHUE OKa3bIBAIOT
cnenyromue gaktopsl [7, 8]:

- BIXKHOCTh 3€pHa ;

- TeMIIepaTypa CyIIIIbHOTO arenra 7;

- pacxoJ| CyIIWIbHOTO areHTa L.

B monyneHOM cymmnke bpsuckoro 'AY s peryianpoBaHus pacxoda CYHIMJIBHOIO areHTa MOYXHO HC-
MOJIF30BaTh 3aCIIOHKY CMOTPOBOTO OKHa pabodeil kamepsl poTopa-HarpeBatend. OqHaKo U3MEpEeHHe CKOpO-
CTH BO3JyIITHOTO MOTOKA B MoJaromeM narpyoke auddysopa cynmabHOM MIaXThl TIOKA3a10, YTO TPH U3Me-
HEHUH TOJIOKCHUS 3aCJIOHKU HE HA0JII0IAIOCh aJIEKBATHOTO U3MEHEHUS! CKOPOCTH BO3YIIIHOTO IMTOTOKA.

DTO CBSA3aHO C TEM, YTO B KaMepe pOTopa-HarpeBareliss MPOUCXOAMT BUXPEOOpa3HOE IBIKEHHE CY-
IIMITBHOTO areHTa W BCJEICTBUE OY€Hb KOPOTKOW JJTMHBI MOJAIOMIEro NaTpyOKa Takoe ABMKEHUE COXpaHs-
eTca U B HeM. BerencTBue 5Toro o6ecneuuTh JOCTOBEPHO 3aJaHHBIM PacXoll CYIIMIBHOTO areHTa He Mpef-
CTaBJISUIOCH BO3MOXKHBIM. [103TOMY BCE MCHBITAaHUS CYIIWIKU MPOBOJMWINCH MPU MOJHOCTBIO OTKPBITOM 3a-
CJIOHKE ¥ MaKCHMaJIbHOU T0J]ade CYIIMIIFHOTO areHTa.

Onpenenars nmojiavdy CyHIMIFHOTO areHTa MO KOJHMYECTBY OTBOJUMOIO W3 IIAXThI CYIIMIBHOTO areHTa
Takke OBLJIO HE KOPPEKTHO W3-32 MPOXOJa B CYNIIIBHYIO IAXTYy YacTH BO3IYITHOTO MOTOKA M3 ITHEBMOT-
paHcIopTepa uepe3 ero MpueMHOe YCTPOHCTBO, a TAaKXKe BO3ZMOXKHOTO TMOJICACKIBAHUS aTMOC(EPHOTO BO3ITY-
Xa dYepe3 BepxX IIaxXThl B OTBOASAIINE KOpoOa mM3-3a 3aMbIKAaHMS WX Ha BCACHIBAIOUIMI KaHAlT pOTOpa-
HarpeBaTeld Yepe3 BHEUTHUM KOHTYP PELUPKYIISIIUY CYIITUIBHOIO areHTa.

Kpome storo Habmogancst Takxke B 3arpy304HOM 3€pHOBOM OyHKepe IIAXThI IIPU €€ MOJTHOH 3arpy3Ke
HEKOTOPBIH BBIXOJI CYIIWIILHOTO areHTa BJOJb IIEHTPAILHON YacTH CTEHKH KOH(Yy30pa, KoTopas 3ariayniaer
TOPILBI MOJAIOIIUX KOPOOOB. DTO OBIIIO BUAHO MO HEOOJIBIIOMY CTOJOUKY B3BEILICHHBIX IIPUMECEH 3epPHOBON
MacCBhl.

Takum 00pa3oM, B pe3yibTaTe INIAHUPYETCS peanu3anus (pakTOPHOTO SKCIEPUMEHTa TUIa 3% ¢ Bapbu-
poBanreM (haKTOPOB HA TPEX YPOBHSAX:

- BIQXKHOCTB 3epHa @ = 16; 18; 20 %;

- TeMIeparypa cymuisHoro arenra 7= 50; 55; 60 °C.

B kauecTBe oTkiIMKa OyIeT OMpenesIThes MPOAOKUTENFHOCTD CYIITKY 3€pHA 0 BIaKHOCTH 14 %.

Heanb uccaenoBaHus: YCTAaHOBJICHHE 3aBUCUMOCTH MPOAOLKUTEIBHOCTH TMpoIlecca CYIIKKA 3€pHa OT
TEeMIIepaTyphl CYLUIWIBHOIO areHTa U BIAXXHOCTU 3€pHA.

Marepuajgbl U MeToAbl. JlJIsI YMEHBIIEHUS TPYJOEMKOCTH SKCIEPUMEHTAIIbHBIX MCCJIEI0BaHUH,
YMEHBIIIEHUSI MAcChl BHICYIIIMBAEMOTO M, COOTBETCTBEHHO, YBIAXKHIEMOTO 3€pHA YacTh MOABOSIIAX U OT-
BOJISIIIIUX KOPOOOB CYIIMIBHOMN MIaXThl OBUTO 3arirymieHo (puc. 1). OCTaBlieH TOJIBKO PsiJ] MOABOSAIINX KOPO-
00B U J1Ba psiia OTBOMSIIUX.
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Pucynok 1 - Bus maxThl o CTOPOHBI MTOIBOAIINX (@) U OTBOJSIINX (6) KOpoOOB

Jns noctreHus: TpeOyeMol BIaXKHOCTH 3€PHA, MOIBEPTaIOIIErocsl CyIKe, 10 METOJUKe [ ATaHa3eBHY,
B.W. Cymka 3epna. M.: JleJIu npunt. 2007. 480 c] mpou3Boauiau ero yBiaxxHeHue B konuuectse 200 kr.

VBiaxHeHHE 3epHa MPOU3BOIUITN ITOCIOWHO B BAHHE C MIOMOIIIBIO 3JIEKTPUIECKOTO ONPBICKUBATESI TPU
MepeMenTuBaHIy BCel MacChl 3epHa BPYUHYIO (puc. 2).

Pucynok 2 - BanHa ¢ 3epHOM B Ipoliecce yBIAXHEHHS

KonmdecTBo BoJipI M, BHOCHMOH B MacCy 3€pHA, PACCYHTHIBAIN TI0 POpMYJIe:

rae M, - Macca yBIIaXXHAEMOTO 3epHa, KT

M, =M

Wy, Wy - KOHCYHAS U HAYabHAs BIAXHOCTh 3€pHA, %.

Wy— Wy
3100-w,’

KT, (D)

[IpomokUTENbHOCT BBIAEPIKKH YBIaXXHEHHOTO 3epHa COCTaBisia 3 THS AJs oOecreueHus] paBHOMEP-
HOT'O paclpeie]IeHusI BJIary 10 Macce 3epHa. B TeueHue qHA qBa-TPH pa3a MPOU3BOAMIOCH NIEPEMEIINBaHNE
3epHa. TemnepaTypy CYyMIMJIBHOTO areHTa OMpPENesuid ¢ moMmoibio Mereomerpa MOC-200. BrnaxuocTs u
TeMIIepaTypy 3epHa ornpeensui Biaromepom Wile -65.

[MToyueHHsle pe3yabTaThl 00padaTHIBAINCH KOPPEIALHOHHO-PEIPECCHOHHBIM aHAIN30M B IIPOTpamMMe
STATISTICA 13 ¢ momydeHueM ypaBHEHHs PETPECCHH, MPOBEPKOW €ro Ha aJeKBaTHOCTH IO KPHUTEPHIO
dumiepa, a TOCTOBEPHOCTH KOAPPHUIHUEHTOB perpeccu mo kpureputo CThroIeHTa

Pe3yabTarsl U 00CyxaeHue. Peannsanys MaTpUIlbl IIIAHUPOBAHUS SKCIIEPUMEHTA THIIA 32 B (Pusuye-
CKUX BEIHYMHAX (PAKTOPOB MIMEET BH/| TAOIHIIBI 1.

Ta61mua 1-P C3YJILTATHI pCAJIN3alINU MATPULILI INIAHUPOBAHUSA SKCIICPUMCHTA THUIIA 32

®dakTopbl OTkIUK
Ne Xi Xa Y
OIBITA
BIAKHOCTH 3epHa ©, % TeMnep;:e}IIf:acz}:ngnLHoro HpOHOH)KHTem;H;;T; CYILKH 3€pHa
1 16 50 60
2 16 55 48
3 16 60 40
4 18 50 135
5 18 55 120
6 18 60 90
7 20 50 150
8 20 55 135
9 20 60 110
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B pesynbraTte 00paboTKu pe3yibTaTOB SKCIIEPUMEHTa B Mporpamme Statistica 13 mosryueHo ypaBHEHHE
perpeccumu:

t=-79,33+20,58w — 3,5T. 2)

Koo duiment koppensiuu R = 0,945, koopduiment nerepmunanuu R? = 0,893. PacueTHoe 3HaYeHUE
kputepus Oumepa F, = 25,145 > F,= 5,14 npu yposre 3aaunmoctu o = 0,05 u ypoBHe 3HaunMoctu F - kpu-
tepus p = 0,001, 9TO CBHAECTENHCTBYET 00 aCKBATHOCTH YPABHEHUS PETPECCUH.

AHanu3 3aBUCUMOCTH (2) TOKa3bIBAET, UYTO MPEOOJIAAArOINee BIMSHUE HA TPOJIOJDKUTEILHOCTh CYIIKU
OKa3bIBaET BIIAXKHOCTH 3epHA (puc. 3).

JIBymMepHOe ceueHune MOBEPXHOCTH OTKIIMKA MPEACTABICHO Ha puc. 4.

205
20,0
195
19,0
18,5
18,0
175
17,0

%

epHa

Bl

JTaXHOCTE

B
=
[ ]

R ~\\mww:\uw_\'.m(u&\\

=
15,5
4

TeMIepaTypa CYMHILHOTO areHTa, "C — 16

Pucynok 4 - JIByMepHOE cedeHHE TOBEPXHOCTH

OTKJIMKA 3aBUCUMOCTH IPOJOJDKUTENIBHOCTH CYLIKH

3epHa OT TeMIIEPaTypbl CYLIMJIBHOIO areHTa U BIIaX-
HOCTH 3€pHa

PucyHok 3 - 3aBUCHMOCTH MMPOIOIKHTEITEHOCTH
CYIIIKY 3€pPHA OT TEMIIEPaTyPhl CYITHUIILHOTO arcHTa
Y BIIAKHOCTH 3EPHA

C pocToM Temmeparypbl CYUIMJIBHOIO areHTa U MOHWKEHUEM BJIAXKHOCTHU 3€pHA IIPOAOJIKUTEIBHOCTh
CyUKH cHWxaercsl. IIpu 3ToM B NPOJOIDKUTEIBHOCT CYIIKU BXOJUT BpeMs IPOrpeBa caMol CYIIWIKH, KO-
Topoe cocTapisieT nopsiaka 20 MuH 10 Habopa TeMIepaTypsl CyIIMIBHOTO areHTa B npeaenax 45°C.

BruiBoabl. TakuM 00pa3oM, MOIY4YEHHOE B pe3yJbTaTe AKCIEPHUMEHTAJIBHBIX MCCICAOBAHUN CYLIHIIKU
a’pOJMHAMHUYECKOT0 HarpeBa ypaBHEHHE (2) IO3BOJIIET NMPOrHO3UPOBATh MPOAOJDKUTENBHOCTH Ipolecca
CYLIKH 3€pHa B 3aBUCUMOCTH OT €r0 BIAYKHOCTH M TeMIEepaTypbl CYLIHJIBHOTO areHTa. [Ipu sTom Hauboms-

1Iee BIUSHHUE Ha MPOJOJIKUTEIRHOCTD MPoliecca CYIIKA OKa3bIBAaeT BIAXKHOCTh 3€pHA B MpEJeNax IOMyCTU-
MBIX 3HAYEHHUH TeMIIepaTypbl CYIIMILHOTO areHTa.
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