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Hayunblii xypuan «HiKeHepHbIe TEXHOJOTHH U CHCTEMbD»

MyOIMKYeT OpUI'MHAJIbHbIE HAay4HBIE MCCIIEJOBAHUS, CIIOCOOCTBYIOLIME Pa3BUTHUIO
HayK{ B 00JIaCTH MHKEHEPHBIX CUCTEM U TEXHOJIOTHH.

Kypnan BkimoueH B llepedeHb peLeH3MpYyEMBbIX HAy4HBIX W3JaHHUNA, B KOTOPBIX
JIOJKHBI OBITH OITYyOIMKOBaHbBI OCHOBHBIE HAyUHBIEC Pe3yIbTaThl JUCCEPTALNii HA COMCKa-
HUE yYEHOH CTeNeH! KaHuAaTa HayK, Ha COUCKaHNE YUE€HOH CTENEeHU JOKTopa HaykK, 110
Hay4YHBIM CIICIUAIBHOCTSAM U COOTBETCTBYIOILUM UM OTPACIISIM HAYKH:

01.04.01 ITpubopbl 1 METOMBI SKCIIEPUMEHTATLHON (PH3UKH

01.04.05 Onrtuka

01.04.13 Dnexrpoduzrka, MEKTPoPU3NIECKIE YCTAHOBKU

05.20.01 TexHOMOrMM U CPEICTBA MEXAHU3AIIUN CEILCKOTO XO3sCTBA

05.20.02 DneKTpoTeXHOIOTHH H 3JeKTPOOOOPYIOBAHUE B CEIBCKOM X035HCTBE

05.20.03 TexHONMOTMH 1 CPENICTBA TEXHUIECKOTO OOCITY’KUBAHHS B CEITHCKOM XO3SHCTBE

Penakiust >xypHaia OCYLIECTBIIET HAaydHOE PELCH3MPOBaHME (IIBYCTOPOHHEE
CJIETIOE) BCEX MOCTYMAIONINX B PENAKITUIO CTAaTeH ¢ IEIbI0 IKCIIEPTHOM oleHKu. Bee
PEIeH3eHTHI SBJSAIOTCS MPU3HAHHBIMU CIEIMAINCTaMHU 110 TEMAaTHKE PEIleH3UPyEeMbIX
MaTepuasioB. PelieH3un XpaHsATcs B M3aTeIbCTBE M pelakliu B TedeHue 5 jetT. Pe-
JaKIHs s)KypHasia HarpasJisieT KOMU PELieH3UH aBTopaM MpeJICTaBIeHHBIX MaTepUaIoB
1 B MUHUCTEPCTBO HayKH U BbIcIIero oOpa3oBanus Poccuiickoit dexeparyu mpu mo-
CTYIUICHUH COOTBETCTBYIOLIETO 3a1poca.

KypHan uHJIEKCUPYETCs U apXUBHUPYETCs B 0a3ax JTaHHBIX:
Web of Science Core Collection (ESCI)
Poccwuiickom nuaekce HayaHoro nutupoBanus (PUHLI)
EBSCO

JKypnan sisisiercs wiienom Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Komurera 1o sTrKe Hay4HBIX
nyOnuKanuii, Acconnanuy Hay4qHbIX penaktopoB u uznareneit (AHPU), CrossRef
1 MEXJIyHapOJIHOTO coo0IIecTBa peren3enToB Publons

Marepuaiibl )KypHayia 0CTyIHbI 1o Jurier3un Creative Commons «Attributiony
(«Atpubyuns») 4.0 BcemupHas
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PacyeTHO-TeopeTnYeCcKnil aHAJN3 Pa3MePHbIX Henen
MPH BOCCTAHOBJICHUH MOCAI0YHOI0 THe3/1a oA OypT
ruJib3bl 0 r1youHe asuraresei [1-245, /1-260

I1. B. Cenun’, H. B. Pakos, A. B. CMoJIbsiHOB,
A. M. MakelKknH
DI'BOY BO «MI'Y um. H. I1. Ozapésay (2. Capanck, Poccus)

“vice-rector-innov@adm.mrsu.ru

Beeoenue. 1o 23 % Bcex OJIOKOB LWIMHIPOB OBIBIIMX B SKCIUIyaTallMy IBUraTesIei
J1-245, 1-260 uMeroT M3HOCHI THE3/ HOJ OypT THIIB3BI 110 TIyOUHE M IOJIekKAT BBIOpa-
koBke. [ToaTomy ocHOBHOII 3a1aueii Hccne0BaHus SBIATIOCH TOBBIIIEHHE JOITOBEYHOCTH
0JIOKOB IMJIMHAPOB BBIIICTIPEACTABICHHBIX JBUTaTeNIeH 3a cueT 00pabOTKH IOCaTOIHBIX
MECT B PEMOHTHBIN pa3Mep C NOCIEAYIOMIEH YCTaHOBKOI PErynupoOBOYHBIX HIAK0.
Mamepuaner u memoos:. B crartbe Ul pelIeHUs TOCTaBICHHBIX 3a/{ad HCIIOJIb30BAJICs
METOZ pa3MepHOro aHamm3a. Ha ocHOBaHMM HaHHBIX, NPEACTABICHHBIX B TEXHHIECKOH
JIOKyMEHTAIVH, IPOU3BEICH paciyeT pa3MEpHBIX [eTIel ITPpU ABMKCHUH ITOPIIHS K HIDKHEH
U BEPXHEH MEPTBBIM TOUKAM.

Peszynomamer uccnedosanus. braronaps mpoBeJeHHBIM HCCIIEIOBAHUSIM Pa3MEPHBIX LeTel
OBIIO YCTAHOBIIEHO, YTO MPU ABWKEHUH MOPIIHS K HIKHEH U BEPXHEH MEPTBBIM TOUYKAM
C 3a30paMH B COCIUHEHUSX, COOTBETCTBYIOLIMX HOBBIM arperaram, pacCTOSHUE MEkKIy
JTHHIIEM MOPIIHS M TOJTOBKOM O0ka MoxeT cocTaBisaTh oT 0,488 mo 1,592 mm, a ¢ 3a30-
pamu, COOTBETCTBYIOIUMHU JOIyCTUMBIM IIpH dKciutyaTanuu, — oT —0,035 o 1,15 mm. Ilo
pe3ynbraraM pacdeToB NIyOMHA THe3za moj OypT TMib3bl B MPOIECCE PACTOUKH JOKHA
HAXO/MTECA B Tpesienax 9,410, MM, To ecTh B HTepBaie 9,44...9,48 MM.

Obcyorcoenue u 3axkniovenue. B pesynabTaTe UccienoBaHUs pa3MEPHBIM aHAIU30M yCTa-
HOBJICHO, YTO JIOITYCTHMasi BEJIMUMHA Ha (pe3epoBaHHEe NPUBATOYHON IUIOCKOCTH OJI0Ka
cocrasnseT 0,35 MM, a ryOnHa 00paboTKK OypTa TWIIB3bI IPH YCTAHOBKE PETYIHUPOBOY-
HOH 11aii0bI TonmuHo#i 0,4 MM I0JDKHA COCTABIATEL OT 9,45 110 9,47 MM.

Knrouesvle cnosa: G0k NWIMHIPOB JBUTATEIICH, ITOBEPXHOCTH MMOJ] OYPT THIIB3bI, U3HOC,
pa3MepHbIii aHaJIH3, BOCCTAHOBIICHHE, ITyOnHAa 00pabOTKH, TOITyCK
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Theoretical Analysis of Dimension Chains when
Restoring the Landing Socket for Liner Sleeve Collar
in the Depth of the Engines D-245 and D-260

P. V. Senin’, N. V. Rakov, A. V. Smolyanov, A. M. Makeykin
National Research Mordovia State University (Saransk, Russia)
“Vice-rector-innov@adm.mrsu.ru

Introduction. Up to 23% of all cylinder blocks of used engines D-245 and D-260 have
worn out sockets for the liner sleeve collar in-depth and shall be discarded. The aim of the
study was to increase the durability of the cylinder blocks of the mentioned above engines
by processing the sockets in the repair size with the subsequent installation of adjusting
washers.

Materials and Methods. In the article, the method of dimensional analysis was used to
solve the problems. Based on the data presented in the technical documentation, the di-
mension chains were calculated when the piston moves to the lower and upper dead center.
Results. The conducted studies of dimension chains found that when the piston moves to
the lower and upper dead center with gaps in the joints corresponding to the new units,
the distance between the bottom of the piston and the head of the unit can be from 0.488
to 1.592 mm, and with gaps corresponding to the permissible during operation — from
—0.035 to 1.15 mm. According to the results of calculations, the depth of the socket under
the liner collar in the boring process should be within 9.470%f mm, i.e. in the range of
9.44...9.48 mm.

Discussion and Conclusion. As a result of the study, the dimensional analysis found that
the permissible value for milling the block stopping plane is 0.35 mm, and the depth of
the liner collar when installing the adjusting washer with a thickness of 0.4 mm shall be
from 9.45 to 9.47 mm.

Keywords: cylinder block head, surface for liner sleeve collar, wear, dimensional analysis,
rehabilitation, treatment depth, tolerance

For citation: Senin P.V., Rakov N.V., Smolyanov A.V., et al. Theoretical Analysis of Di-
mension Chains when Restoring the Landing Socket for Liner Sleeve Collar in the Depth
of the Engines D-245 and D-260. Inzhenerernyye tekhnologii i sistemy = Engineering
Technologies and Systems. 2020; 30(2):188-199. DOI: https://doi.org/10.15507/2658-
4123.030.202002.188-199

Beenenne

B mpouecce skcrryaranuy IBUrare-
neit [1-245, J1-260 Hepemko TPOMCXOMUT
3aBO3/IYIINBAHME CHCTEMBI OXJIAXKICHHS
WM OTpPBIB OypTa THIIB3bI C XapaKTEePHBIM
pacroIoKeHUEM TPELUHBI — Pa3jioM Ha-
YHHAETCS OT pajguyca nox OypToM U UAET
npumepHo nox yrioM 30° Beepx. [Ipuun-
HOW JIaHHBIX JE(EKTOB SBIISETCS H3HOC
rHe31 (TOBEpXHOCTEH) Mo TWUIB3BI 10
nyouHe. Bo3HMKHOBEHHE H3HOCOB 00Y-
CJIOBJIEHO 3HAUUTENbHBIMH Harpy3Kamu
U KoneOaTeIbHBIMU JBIKEHUSIMH OT TIPO-
TeKaHus1 paboyero npouecca B LUIMHJAPE.
Bcenencreue  upesmepHoil  meperpys3ku
MalIVHbl, HENPAaBUJIBHOM HACTPOMKHU TO-
TUTMBHOM ammaparypsl, HEKaue€CTBEHHOTO

Processes and machines of agroengineering systems

TOIUIMBA, [UKIMYSCKHX TEeMIepaTypPHbIX
HArpy30K M IEeperpeBOB THIIb3a MOTyYaeT
HEKOTOPYIO CBOOOJTY JBMKEHHS, IPUBOIS-
Y0 K BOBHUKHOBEHUIO U3HOCOB Ha Oyp-
TaxX T'UIb3bl ¥ OJI0KA. DTO BJICUET 3a COOOH,
B CaMOM JICTKOM TPOSIBICHHH, K JIOKAJb-
HBIM HM3HOCaM IIOCAJ0YHOTO MeCTa IOJ
OypT THJIB3bI M MOCIEIYIONIEMY 3aBO3/Y-
IMMBAHUIKO CUCTEMbI OXJIAXKICHUA HUIIN KE
B KpaliHEM cjly4yae K M3HOCY 3HAYUTEIIhb-
HOW YaCTH MOCAJ0YHOrO MecTa Ioj OypT
THJIb3BI M K OOPBIBY OypTa THITB3BI.

0O030p JMTEpaTYpHI

HUccnenoBanus psijia aBTOPOB, HAIPaB-
JICHHBIC Ha OIICHKY TEXHHYECKOI'O COCTO-
SIHUSI OU3CJIbHBIX ILBI/II‘aTeJ'ICI\/II, IMPpUMCHS-
EMBIX B CEIIbCKOM XO3SHCTBE, IOKa3bIBAIOT,
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YTO BEpPOSITHOCTh H3HOCAa THE3la IMOJ
OypT THIB3bl NO IIyOMHE Al OJOKOB
nurarenen J1-245, J1-260 cocraBiser
1o 23 % [1-4].

AHanmu3 OTEYEeCTBEHHBIX HCTOYHHUKOB
HAayYHO-TEXHUYECKON JIUTEparypbl IIO-
Kaszaj, 4YTO JOCTOBEPHON WH(OPMAIUH
B BUJIC TEXHHUYECKUX DPEKOMEHJAIUI 10
yCTpaHEHHIO JaHHOTO Aeekra Het' [5-7].
[Ipou3BoguTENN TPY30BBIX aBTOMOOHIICH,
takue Kak Scania, MAN, Volvo, DAF
Trucks NV, mnpemiararoT Mpou3BOIUTH
PACTOUKY MOCAJOYHBIX MECT MO THUIb3Y
B OJIOKE IIMIIMHIPOB, JUIA YEro B KadecT-
BE 3aITaCHBIX YacTel MOCTABISIOT THUTB3bI
C YBEIMYEHHBIMH OypTamu, a IJisl Peryiu-
POBKH BBICTYTIAHWSI THIIB3BI HAJ TJIOCKO-
CTBIO 0JIOKa MCHIONB3YIOT MEHBIC PEryJIH-
poBouHbIE Kombila [8—11].

B cBsi3u ¢ 3TUM HEOOXOAUMO PEIIUTH
PST TEXHOJIOTHYECKUX 3a71ad.

Ilepsas 3adaua 3axmiodaeTcs B 000-
CHOBaHWU TIIyOMHBI (pe3epoBaHUs KOPO-
OJICHOW NPUBAJIIOYHON TUIOCKOCTH OJioKa
[WIMHAPOB C B0 HAWITYYIIero 0a3upo-
BaHUs HHCTPYMEHTA MPHU PACTOUYKE THE3/1a
moj1 OypT THIIB3HI 110 TITyOHHE.

B cnyuae ycTaHOBKH perynnpoBOYHO-
ro KOJIbIAa LIENBI0 6mopotl 3a0auu OyaeT
ABJATHCSI OOOCHOBAaHHE HOMHHAIBHOTO
pa3Mmepa U JIOIycKa Ha IIyOWHY IpH pac-
TOYKE THe3la 1Moj OypT THIIb3bI OJOKOB
npurareneit J1-245, J1-260.

Jia perieHust JaHHBIX 3a1ad TIpUMe-
HSIETCSI PacyeTHO-TEOPETUYECKUI aHaIn3
pa3MepHBIX IeMnel, MO3BONAIONINI onpe-
JICJIATh JIOIYCTUMbIC 3HAUCHHsS BEIHYUH
3aMBIKalOIIUX pa3mepos [12—-15].

MarepuaJjbl M1 MeTOAbI

Pemenune nepsou 3adauu cBOTUTCS
K pacueTy pasMEpPHOM LieNH KPUBOLLIUITHO-
IaTyHHOTO MeXaHu3Ma apurarens [[-245,
MpenCcTaBlIeHHOro Ha pucyHke 1. B pasz-
MEpHOU 1enu A, 3aMBIKAlOIIUM 3BCHOM

ABJISIETCSl PACCTOSIHUE MEXKIY TOJIOBKOH
LUJIMHIPOB U JHUILEM HOPLIHS IPH I10JI0-
JKEHUH €TO B BEpXHEH MEPTBOM TOUKE.

Pasmepnas nens 4, UMeET B Ka4ecTBe
3aMBIKAIOIIETO 3B€HA BEJTMYMHY A,, KOTO-
pasi onpeseNseTcs U3 ypaBHCHHS:

A=A+ A+ A, — A+ A — A+
+A; + A — Ay,

rne A,..A, — cocTaBIsIOIINE 3Be-
HbS (3HaK «—» YKa3bIBAaeT, YTO 3BEHbBS
YMEHBIIAIONINE; «+t» — YBEIHUYUBAIO-
mme); A, — TONIIMHA TPOKNAnKu, A, =
= 1,5, Mmm [5]; 4, — paccTosiHME OT OCH
KOPEHHBIX OIOp B OJIOKE 0 MPHUBAJIOY-
HOM IUIOCKOCTH C TIOJIOBKOHM Oj0Ka, II0
ueprexy A, =371"% mm, pomycTuMbIit
AN =370,5 MM; Ay — 3a30p B CONPSDKCHHUH
KOJICHYAThIH BAJI — MOMIIMITHUK KODEHHOH,
no ueprexy A, =:3;}m MM, JOIYCTUMBI
A =0,130 MM; 4, — pajguyc KpHBOLIK-
na, A, =62,5+0,04 mm; A5 — 3a30p B co-
NPSDKCHUM BKJIQJIBINI IATyHAa — KOJIEH-
yaThlii Bam, MO ueprexy A =l0ue MM,
nomycrumblii A2 = 0,120 mm; A, — pac-
CTOSIHUE MEKAY OCSIMU OTBEPCTHH BepX-
HEl W HWXKHEH TOJNOBOK IIaTyHa,
A;=230+0,03 mm; A4, — 3a30p B compsi-
JKEHWH BTYJIKa IIaTyHa — IOPLIHEBOM
nanen, no_ueprexy A =000 mm, nomy-
crumas A;' =0,050 mm; A, — 3a30p B co-
NpsDKEHUH TOPLIHEBOW maser — 600bIiKa
nopiHs, A =:88?§ MM; A, — paccTosHue
OT OCH OTBEPCTHS IO TAJIeI] 1O BEPXHETO
Topua noputsst, 4y =790 Mm.
HomunanbpHBIN pasMe’p 3aMBIKAIOIIETO
3BeHA A, OTPEeNsieTCs 0 BEIPaKEHHUIO:

m-l-n _

A= A4-3A4,

1-
i=1 i=1

! Muzenu J1-245.7E2, 1-245.9E2, J1-245.30E2. PykoBozacTBo 1o skcrutyaranuu 245E2-0000100 PO
[Omexrponnsri pecyp]. URL: http://www.po-mmz.minsk.by/catalogue/engines/view/26/ (nara obpare-

uust: 03.04.2020).
2 Tam xe.
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P u c. 1. Cxema nuHeiHON pa3MepHOI LIeNU KPUBOIIUIIHO-IIATYHHOTO MEXaHu3Ma A,
Fig. 1. Scheme of linear dimension chain of crank-rod mechanism A4,

IJe M — YUCIIO COCTaBISIIONINX 3BEHHEB
paboueil 1enu; 7 — Yuciio yMEHBIIAOIINX
3BEHBEB; | — IIOPSAIKOBBII HOMED 3BEHA.

Bepxuee ES u amxHee £/ — oTKIIOHE-
HUS 3aMbIKaroIero 38eHa [12]:

m-l-n___ n
ESAHZ Z Si—zElt, (3)
i=1 i=
El,="S EL-YE, ©

rne ES: u EI; — BepxHee u HIDKHUE OT-
KJIOHEHHS [-TO COCTaBIISIQIICTO YBEIH-
yuBatoniero 3seHa; F£s; u El; — BepxHee
1 HIKHHE OTKJIOHEHHS i-TO COCTaBJISIO-
IIEr0 YMEHbIIAOIIETO 3BeHA.

Processes and machines of agroengineering systems

TeopeTndeckn MOKHO IIPEAIOTI0KHNTS,
YTO B Mpolecce padoThl KPUBOLLIMITHO-I1Ia-
TYHHOTO MEXaHM3Ma 3a30pbl B COIpsDKE-
HUSAX TIONEPEMEHHO NPUHUMAKOT MHUHH-
MaJIbHbIE MM MAaKCUMAaJIbHbIE 3HAYCHUS.
Tak, npyu IBMKCHUM MOPIIHSA K HUKHEU
MEpPTBOM TOYKE BEIMYMHBI 3a30pOB IIpH-
HUMAIOT MaKCHMaJIbHbIE 3HAYECHUs, a 3a-
MBIKaroLee 3B€HO A, OyIeT ONUCHIBATHCS
BbIpaskeHreM (1), Ipu IBMKEHUH K BEpX-
HE MEPTBOI TOUKE 3a30PbI IPUMYT MUHH-
MaJIbHbIC 3HAYCHMS], 4 3aAMBIKAIOLIECE 3BEHO
A, OyzeT onuCchIBaThCS BBIPAKECHUEM:

AP = A+ A - A A, -

—As—Ag— A - A - A )
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PaccmorpuM pasmepHyro 1enb Kpu-
BOLLIMITHO-IIATYHHOTO MEXaHW3Ma, Mpea-
CTaBJICHHYIO Ha PUCYHKE 3, NPH IBHXKE-
HUU TIOPIIHS K HUXKHEM MEpPTBOM TOYKE,
a 3aTeM K BEpXHEH MepTBOi Touke. B ka-
YeCTBE COCTABJISIONINX 3BEHBEB MPUMEM
3a30pbl B COOTBETCTBMM C 3aBOJCKUMHU
NPECIbHBIMI OTKJIOHEHUSIMHU (pa3Mepbl
TI0 YEPTEXKY), a 3aTEM C JIOITyCTUMBIMHU OT-
KJIOHEHUSIMU P SKCILTyaTaltu.

s pemenust emopoii 3a0auu o6viia
COCTaBJICHA CXEMa JIMHEWHON pa3MepHOn
LHenH COCOUHEHHs OJIoKa LMIMHAPOB —
THJIb3a 4YEpe3 PEryIHPOBOYHYIO a0y
b,. Ha pucynke 2 npuBeaeHa cxema Hc-
CJIEAYEMOTO y3J1a U €r0 TEXHOJIOTHUECKast
pa3mepHas IeTb.

Kommnencanusa pacraunBaeMoro cios
OCYILECTBIISICTCS PETYINPOBOYHBIMU 1A~
0amu TomHoi ot 0,2 1o 1,0 MM ¢ mia-
rom 0,1 mM. B pacuerax B xauecTBe mpu-
Mepa WCITONB3YeTCs Imaifda TONIUHON
0,4 M. Benrumna riryOuHBI OypTa THIIB3bI
Uit OnokoB japurareneit [1-245, J1-260,
YCTAHOBJIEHHAs! 3aBOJIOM H3TOTOBHUTEINIEM,

.

0,05.011

0,07
nomkHa ObiTh paBHa b, =973, MM [5].

B texHonornyeckoit pazMepHO# 1enu 3Be-
Hbs b, 1 b, SBISIOTCS yBETMUUBAIOIIIUMH.

KoHTpOIbHBIM MTapaMeTpoM pacTOuKH
CITY’)KAT BEJMYMHA BBICTYMAHHUS THIIB3bI
HaJ TIOBEPXHOCThIO OJIOKa Ha BEIHYH-
ny 0,05...0,11 mm. Jlomyckaercs pacxo-
JKACHUE BBICTYNAHUS 0 LWJINHApaM Ha
0,04 mMm. B mporecce uzMepeHus Tuib3a
npuwxumMaercs ¢ yemuem 10...15 H-m.

Jns perieHuss mOCTaBIEHHON 3ajlauu
npubderaeM K pelieHuo pa3MepHON Iern
METOJIOM 00paTHOM 3a1auu.

Pacuer mpousBogunmu B ciegyromei
nocnenosareasHocty [11; 16]:

1. Bbruucienrue HOMHHAJIBHOTO pas-
Mepa 3aMBIKaloIIero 38eHa b,:

B, = Y5, ®)

rne i = 1, 2,...; m — TOPSAKOBEII HOMEP
3BEHa; ¢ — IIepelaTOyHOe OTHOILIEHHE i-TO
3BEHA pa3MepHoH uenu; b, — HOMUHAIb-
HBIM pa3Mep i-ro 3B€Ha pa3MEpPHON LEIH.

[
X

0
007
4004

90

9 12+U,U3

0 L+[1[H

P u c. 2. Cxema nTHHEHHOI pa3MepHOU IIETTH COCMHEHHS 00K WIMHIPOB — TUIIb3a Yepe3
perynupoBouHyto maiidy b,: 1 — G0k HmIMHIPOB ABUraTeNs; 2 — KOMIICHCALlMOHHAS 11aii0a;
3 — ruib3a IIMHIPOB

Fig. 2. Scheme of linear dimension chain for connecting the cylinder block — liner sleeve through an
adjusting washer b,: 1 — engine block; 2 — compensation washer; 3 — cylinder liner sleeve
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2. OnpezaeneHue KOOPAUHATHI CEPEIU-
HBI TIOJIS JOIyCKa A 3aMBIKAIOILETO 3BEHA:

m—1

AoA ZgiAo, >

i=1

(7

e A, — KOOpIMHATa CEPENMHbI JIOIyCKa
i-TO 3BEHA pa3MEepHOH IIEH paBHa!

A, +A,
By, ==, ®)

rme A, u A, — COOTBETCTBEHHO BEpX-
Hee U HI/I)KHee TPEICTbHBIC OTKJIOHCHHS
i-r0 3B€HA pa3MEPHOH LETH.

3. Haxox1eHre BEeTMUMHBI OIS 01Ty -
cka 7, 3aMBIKAIOILEro 3BE€HA MIPU pacyere
METOZIOM MaKCUMyMa-MUHUMYMa:

©)

rae I, — JOmyCK i-T0 3BEHa pPa3MEpHOU
LIEIIU, PABHBIN:

T, =A, A, . (10)

i

4. Pacuer mpeAenbHBIX OTKIOHEHUH
3aMBIKAIOIIETO 3BEHA:

A, :A0+5, (11)
s 2
A, =47 —%. (12)

Pe3yabraThl HCC/IeI0BAHUSA

3aoaua 1

[loxcraBuB uncioBbie 3HaYeHNs B (hop-
Mmyiy (2) uiu (5), HalileM HOMUHAJIBHBIH
pasMep 3aMbIKAIOIIETO 3BEHA A,

Pa3mepHnas nens 1: pasmepsl cocTaB-
JSIOUIMX 3BEHBEB M 3a30pbl COOTBETCT-
BYIOT HOBBIM arperaram, IHOpIICHb [BH-
JKETCsl K HYDKHEH MEPTBOM TOUKE, 3a30Pbl
INPUHAMAIOT MAaKCHMAaJbHBIC 3HAYCHUS.
Cxema pa3MepHOH LIeTn MIPe/ICTaBIeHa Ha
pHCYyHKe 3.

B nanHOM ciyuae pa3mepHas Lenb Oy-
JIeT OIHMCHIBATLCA ypaBHEHHUEM (1), B 3TOM
ciryuae 3BeHbs A, A,, 4;, A5, A5, A OyayT
YBEINYUBAIOIINMH, OCTAJIbHBIC — YMEHbB-
MIAFOIIIMHU.

Omnpenenum BepxHee ES., 1 HIDKHEe
EI}, OTKIOHEHMS 3aMBIKAIOLIETO 3BEHA,
MOJICTABUB YUCIIOBbIE JAHHBIC B (JOPMYITBI

() u(4):

ES" =0+0,2+0,126 - 0,04 +
+0,115-0,03+0,036 +
+0,015-(-0,03) = +0,592 mm.

EI, =—0,1+0+0,072—(0,04) +
+0,067 —(0,03) + 0,02 + 0,003 —
~(0,05) = -0,058 mm.

Takum 00pa3oM, 3aMbIKarolIee 3Be-
HO IIpY JIBXKEHUM MOPIIHS K HUXKHEH
MEpPTBOH TOYKE C 3a30paMH, COOTBETCT-
BYIOIIIUMH HOBBIM arperaraM, COCTaBHT
Ay, =100 MM, TO ecTb 3a30p Mex-
Iy JHWIIEM TOPIIHS W TOJOBKOHW OJ0-
Ka JOJDKCH HaxXOAUThCA B HHTCPBAJIC
0,942...1,592 mm.

Pa3mepnas uemns 2: pasmepsl cocTaB-
JSIOMINX 3BEHBEB W 3a30PBI COOTBETCT-
BYIOT HOBBIM arperaram, HOpIIEHb IBH-
JKETCsl K BEpXHEH MEepTBOU TOUKE, 3a30Pbl

Apy=371+1,5-62,5-230—79=1MM. UOpUHAMAIOT MHHHUMAJILHBIC 3HAYCHUSI.
> +0.2 > +0.126 +0.115 +0.036 +0.015
| AT=1. 594 , A2=371 A3=07 A5 00067 A7 0002 AS 010003 |
| —_l—* —T— ——I——
+0. 592 < < +0.05
L AD=1 g 0es Ad = 62.520.04 A6 = 230£0.03 A9 =790 J

P u c. 3. Cxema nuHeHOM pa3MepHO LeTH A, IPpU IBM)KCHUH MTOPIIHS K HIKHEH MepTBOM TouKe,
3a30pbI COOTBETCTBYIOT HOBBIM arperaram

Fig. 3. Scheme of linear dimension chain 4, when the piston moves to the lower dead center, the gaps
correspond to the new units
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CxeMa pa3MepHOM 1IeTH MpecTaBieHa Ha
pucyHke 4.

[Ipn nBwXEHUM TOPIIHS K BEpXHEH
MEpPTBOM TOUKE pa3MepHasl Lenb OyneTr
ONHCHIBATECS ypaBHEHHEM (5), B 3TOM
ciyyae 3BeHbs A,, A, OyAyT yBeTUUUBaIO-
[IMMH, OCTAJIbHBIE — YMEHBIIAIOIIIMH.

[loncraBus 3naueHus B Gopmyssl (3)
u (4), onpenenum Bepxuee ES}, v HIKHEe
El, OTKIIOHEHWsS 3aMBIKAIONIETO 3BEHA
NP JIBUOKEHHUU TTOPIIIHS BBEPX:

ES® =0+0,2-0,072 0,04 -
-0,067 -0,03-0,02-0,003 -
-(-0,03) = +0,138 mm,

EI%, = —0,1+0—0,126 — (0,04) -
0,115 - (0,03) — 0,036 —
0,015 (0,05) = —0,512mm.

B nannom CI1ydae 3aMbIKAIOIIEE 3BCHO
Oyner pagro ESY, = 17045 MM, To ectb 3a-
30p MEKIY ).IHI/IIL[CM MOPIIHS ¥ TOJIOBKOH
onoka cocrasut 0,488...1,138 mMm.

Paszmepnas nenb 3: pasmepbl coCTaB-
JISIOMIAX 3BEHBEB U 3a30pPBI COOTBETCTBY-

0T JOMMYCTUMBIM IIPpU SKCIUTyaTalluu BE-

>
AM=15,, |

JMYMHAM, MOPILIEHb IBMKETCS K HIKHEH
MEPTBOH TOUKE, 3a30pbl IPUHUMAIOT MaK-
cuMasibHble 3HaueHus. Cxema pa3zMepHOn
TIETH MTPEJICTaBIIeHa Ha PHCYHKE 5.

Torna Bepxnee ES), u HmwkHee EIZ,EI
OTKJIOHECHHUSI 3aMBIKAfoIIEero 3BEHa, CO-
rnacHo popmynam (3) u (4), cocTaBsT:

ES! =0+0,2+0,13-0,04 +
+0,12-0,03+0,05+0,015 -
—(-0,03) = +0,615Mmm,

EI}, = —0,1+(-0,5)+0,072 —
—(0,04) + 0,067 — (0,03) + 0,02 +
+0,003 —(0,05) = —0,558 M.

BemunHa 3aMBIKAIOIIEro 3BEHA CO-
crasut Ay, = 17085 MM, TO ecTh 3a30p
MEXKITY ZIHI/IIIIeM MOPIIHS U TOJIOBKO# 0J10-
Ka 6yI[eT IIPUHUMATh 3HAYCHUA B UHTCPBaA-
e 0,442...1,615 mm.

PasmepHas Lemb 4: pasMepbl COCTaB-
JISIOMIMX 3BEHBEB U 3a30Pbl COOTBETCTBY-
FOT JOIYCTUMbIM IIPH 3KCILTyaTalH Be-
JIMYUHAaM, IMOPUICHb ABUIKETCS K BerHeﬁ
MEPTBOI TOYKE, 3a30pbl IPUHUMAIOT MH-
HUMaJbHbIE 3HaYeHns. CXema pasMepHoii
LN NIPe/ICTaBNeHa Ha PUCYHKE 6.

A2=371"2

I
+0.126

+0.138 < <
AS Oy | A4=62510.04 A5=0
1

-0.512

.15

A= 0067

+0.036 +.015

Se = ‘o +0.05
| A6=230:0.03 | AT=0} ) Aa 05003

A9 900

l I

P u c. 4. Cxema nuHeiHON pa3MepHOM 1ienu A, IpU JIBIKEHUM HOPLIHS K BEpXHEH MepTBO Touke,
3a30pbl COOTBETCTBYIOT HOBBIM arperaram

Fig. 4. Scheme of linear dimension chain 4, when the piston moves to the upper dead center, the gaps
correspond to the new units

> +0.2 > +0.13
| AT=15,, RB=arys . A3=00% [

> 012 +0.05 > 0015
AS =0 hoar AT=030p i A0 Gons 7

[ | |
+0.615 <
Ap= 170 A4 = 62.5:0.04

._SS‘_ _l"'

E 5
A6 = 230+0.03 iy

A9 = 79005

P uc. 5. Cxema nuHeliHOM pa3sMepHOil enu 4, IpU ABMXKCHUU MOPILIHS K HUXKHEH MepTBOH Touke,
pa3Mepbl COOTBETCTBYIOT AOITYCTUMBIM IIPHU KCIUTyaTallly BEINIHHAM

Fig. 5. Scheme of linear dimension chain 4, when the piston moves to the upper dead center, the gaps
correspond to the permissible during operation
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AT=15,, | A3=371,7

|
=0.05

e <o 142 i e
| M=625:0.04 AS=0,0, | AB=2308003 AT=0p
I

+0.05

+0.13 <
| AO=T0%
I

< ~0.015
A= 007
i

_ 420138 =
AL =1 AB=0.4003

= 1035

P u c. 6. Cxema IMHEHHON pa3MepHO Lenu A, Ipy ABMKEHUN HOPIIHS K BEPXHEH MEPTBOM TOUKE
)
pa3Mepbl COOTBETCTBYFOT IOMYCTHMBIM MPH 3KCIUTyaTaIlMU BETMYHMHAM

Fig. 6. Scheme of the linear dimension chain 4, when the piston moves to the upper dead point,
the dimensions correspond to the permissible values during operation

Bepxuee ES: unmkuee EI; — or-
KJIOHCHHMSI 3aMBIKAOIIIETO 3BEHa, COIIACHO
dhopmynam (3) u (4), OymyT paBHBI:

ES’ =0+0,2-0,072—0,04 -
~0,067 — 0,03 - 0,02 -
~0,003 - (~0,03) = +0,138 MM,
EI}, =—0,14(=0,5)—0,13 -
—(0,04)— 0,12 (0,03) — 0,05 —
—0,015 - (0,05) = —1,035mm.

To ecTp BemMUMHA 3aMBIKArOIICTO

3BEHa COCTAaBHT A, = 1'% mm, a 3a-

30p MEXIY JHUIIEM TOPIIHS U TOJOBKOM
0JI0Ka JIOJKeH HaXOIUTCsl B UHTEPBAJIE OT
—0,035 1o 1,138 mm.

OueHKy BIMSHHS COCTaBISIOLINX
3BCHBEB HA 3aMbIKAIOIIEE 3BEHO IPOBO-
JWIH C HWCIIONB30BAHUEM JHATPaAMMBI
ITaperto (puc. 7).

W3 pucynka 7 BUmHO, 4T0 HanOoJblIce
BJIMSIHUE HA JIONYCK 3aMBIKAIOIIEr0 3BEHA
OKa3bIBACT 3B€HO A, — PACCTOSIHUE OT OCH
KOPEHHBIX OHop B OJIOKE 10 IPUBAIOY-
HOW TJIOCKOCTH C TOJIOBKOM Onoka. Takum
00pazoM, Uil UCKITFOYEHHUS! BEPOSITHOCTH
KacaHusl IHUILA TTOPLIHS C TOJIOBKOH 010~
Ka IMpe/yIaraeTcsl yKECTOUNTh JOMYCK Ha
BEIMYMHY 4,

B Bosgeiictsue % / Impact % 010 97% 100 %
V]
CymmapHoe BoszeiicTeie % / 91 %
o . 83 %

W oo ES Total impact %
= M e o
g‘é’.@ é 74 %
£¢5 s
SEES 64 %
< a8 g S
228
35w E
151 © = 50 %
53355

L =
%Egé 34 %

=4
SR 34%
o T~ O
I~ ]
T oS o
S5 g 17 %
E g 8 5 13 % o
SR 10% 9% g9
BB E -
T T T T T T - T - T -_\
A2 Al A4 A6 A3 AS A9 A8 A7

3BeHbs pazMepHoit nenu / Dimention chain links

P uc. 7. CreneHb BIMSAHUSA JOITyCKOB COCTABIIAIONIMX 3BEHBEB Ha JOMYCK 3aMbIKAIOIIETO 3BEHA
Fig. 7. Degree of effect of component tolerances on master link tolerance
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3aoaua 2

[logcraBMB  YHMCIOBBIE — 3HAYCHHS
B (hopmyibl (6—12), MOTyYHM CIETYIOTIE
pe3yabTaThl:

1. HomuHanbHBIN pa3Mep 3ambIKa-
IOILIETO 3BEHA:

b,=9,0+0,4=9,4 mm.
2. Koopawnater cepeawHbl mojiei 10-

MTyCKOB:
— COCTaBJIAIOLINX 3BEHBEB:

A, =22 = 0005w,
Ay, = 22T 0, 055w

— 3aMBIKAIOIIIETO 3BEHa:
A, = 0,005+ 0,055 = 0,06 Mm.

3. Homycku:
— COCTABJISIIOIIHMX 3BEHBCB:

7, =0,01-0=0,01mm,
T, =0,07—-0,04 = 0,03mm;

— 3aMBIKAOIIIETO 3BEHA!
T, =0,01+0,03=0,04mm.

4. IlpenenbHbIe OTKIOHEHUS 3aMbIKa-
FOIIIETO 3BEHA:

A 0,04

Ba

= 0,08 MM,
0,04

A = 0,06 MM.

Hp

Ilo pesymbraram pacdyeTroB NITyOMHA
rHesna noj Oypr THIIB3EI NOJIKHA HAXO-
IUThCA B IIpenenax 9 4+0 % MM, TO €CTb
B HHTepBane 9,44...9, 48 Mm. ,Z[Jm HCKIIIO-
YEeHHUs He6J'IaFOHpI/I$ITHOFO co4eTaHus mpe-
JICJIBHBIX ~ OTKJIOHEHHWH  COCTABISIOIINAX

196

3BCHBEB pPa3MEPHOM IEeNMU Ha3HAYaCTCs
JOMYCK Ha DIyOuHY 06pa60TI<H THe3/a
noz1 OypT T3B! PaBHBIA 9,470 MM, TO
ecThb B uHTepBaie 9,45...9 47 MM.

O0cy:xneHne u 3aKJII09eHHe

B pesynbrare mpoBeICHHBIX HCCIEO0-
BaHUH ObLIM CJICJIAHBI CIICTYFOIINE BBIBOIBIL.

1. PaccrosiHue MeX 1y THULIEM MOPIL-
HSl ¥ TOJIOBKOM OJIOKa IMJIMHJIPOB JBHUTa-
tener J[-245, J1-260 MoxkeT HaXOIUTHCS
B HHTEpBAJIC:

— JU1g HOBBIX asurareneii — ot 0,488
1o 1,592 mm;

— ISl IBUTATENeH, OBIBITUX B DKCILTY-
aTanuy, HO UMEIOIUX JOMyCTUMBIE BEIH-
YUHBI pa3mMepoB, — oT —0,035 mo 1,615 mm.
JlaHHas BeJIMYMHA BBIXOIMT 3a IMPEICIIbI
nomycka Ha 0,035 MM, criemoBaTenbHO,
C BEpOATHOCTHIO 2,98 % mpousoiiaer ka-
CaHMe JIHUIIIA ITOPIIHS C TOJIOBKOW OJIOKa.
[Ipu »TOM HE YYHUTHIBAIOTCS HM3MEHEHWS
MOIITHOCTH, CTEICHb CXKaTHs W JpyTHe
TEXHUKO-3KOHOMHYCCKHUE IOKa3aTe)id pa-
OOTBI JIBUTATE.

2. JInst UICKITFOUCHUS BEPOSTHOCTH Ka-
CaHUs JTHUIIIA [TOPIIHS C TOJIOBKOM OoKa
mpenjaraeTcsi y>KeCTOUYWTh JIONMYCK Ha
BBICOTY OJIOKa 3a CUeT yBEIWYEHUS pac-
CTOSIHHSI OT OCH KOPEHHBIX OIOp B OJIOKE
J10 IPUBAJIOYHOW IJIOCKOCTU € TOJIOBKOM
Onoka ¢ gomyctumoro pasmepa 370,5 Mm
no 370,65 mM. B sTom ciyuae nomyck
3aMBIKAIOIIETO 3BEHA TPU pa3Mepax co-
CTaBISIIONTAX ~ 3BEHBEB, COOTBETCTBY-

FOLUX JOMYCTUMBIM IIPH SKCIUTyaTalliH,
COCTAaBUT 4, = 1*0 ;38 MM, @ 3330p M-
Iy ):[HI/IH_IGM nopmHa U TOJIOBKOM O0Ka
Oynmet Haxomutcs B uHTepBajie ot 0,115
mo 1,138 mmM.

Takum 00pazoMm, pa3MEepHBIM aHAIIN-
30M YCTAHOBJICHO, YTO JOIyCTHMasi Be-
JMYMHA Ha (hpe3epoBaHUE IPUBATIOUYHOM
IUIOCKOCTH 0J10Ka cocTaBigeT 0,35 MM.

3. I'myOuna o6paboTku OypTa IHib3bl
MIPA yCTAHOBKE PETYIMPOBOYHON MIaiiObI
ToinuuHoM 0,4 MM JIOJDKHA COCTaBJISATh OT
9,45 10 9,47 mm.

B 3akmroueHre MOKHO OTMETUTh, UYTO
HOBHM3HOU PE3yJIbTaTOB UCCIICAOBAHMUS SB-
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JSIFOTCS 0OOCHOBaHHBIE Pa3Mepbl Ha HO- MAlHWIO 3aBOJ HW3rOTOBUTENb HE Npeo-
BbIC PEMOHTHBIC BEJIMYHMHBI JIBUTATEICH CTaBIACT, a OHA KpaiHe HeoOXoauma st
H-245, J1-260, tak kak maHHY!0 HH(GOpP- PEMOHTHBIX MPEIIPUATHI.
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MoaenupoBaHue npouecca Tenja0Bou

00paldoTKH KUAKUX NPOAYKTOB B IJIACTHHYATOM
TEIIO00OMEHHHUKE € HCMO0JIb30BAHNEM KOMILIEKCHOM
JHepro3aMeniawueil ycraHoBK1

10. b. T'epoep’, A. B. I'aspuiios, H. C. Kusin
Axademust 6uopecypcos u npupooonosib308aHus
DIAOY BO «K®DY um. B. U. Bepnaockoeo»
(noc. Aepapnoe, e. Cumgbeponons, Poccus)
‘gerber 1961@mail.ru

Beseoenue. B HacTosIIEE BpEMs aKTyalbHBIM SIBIAETCS BOIIPOC CHIDKEHHS 3aTPaT 3IEKTPO-
SHEPTHHU B TEXHOJOTHUSX IepepabOTK! CEeTbCKOXO3SIMCTBEHHON MPOMYKIUH, B YACTHOCTH
MOJIOKa. B 3HauMTENbHON MEpe 3TH 3aTpaThl CBA3AaHbI C peajin3alueil MpoLeccoB TEII0-
Boi 00paboTku. CHIKEHNUS 3aTpaT MOKHO JOOUTHCS HECKOIBKAMHU CHOCOOaMH, HalpH-
Mep, pa3paboTKOW M NMPUMEHEHHEM YCTaHOBOK, MCTOIB3YIOUIMX COMHEUHYIO SHEpPIHuio.
B 3TOM citydae pacxox TpaaUIMOHHOH JIEKTPHIECKOH SHEPIHH CYyIIECTBEHHO CHIKACT-
csl, HO Y MTPOM3BOACTBEHHUKOB BO3HHMKAET 3aj1aua COIIACOBAHMUS MAPaMeTPOB YCTAaHOBKH
C peaJbHBIMH YCIOBUSIMU MPEIPHSTHSI.

Mamepuanet u memoovl. AHanmu3 NMOTPeOJICHUS SHEPTUH B TEXHOJOTHAX mepepador-
KA MOJIOKA, PEXHMMOB pa0OTHI IIACTHHYATOTO TEIUIOOOMEHHUKA, MoKa3aresied paboThl
TelMOKOIIEKTOpoB. Temmeparypa HarpeBa TEIUIOHOCHTENS M MPOAYKTa OMPENEnsnach
C HOMOIIBIO MPUOOPHOTO KOMIUIEKCA, TI03BOJISIIONIETO PETHCTPUPOBATh 3HAUCHUS TEMITe-
patyp B BOCBMH Pa3IHUYHBIX KOHTPOJBHBIX TOUKAX U MepeaaBaTh MONyYEHHbIE CUTHAIIBI
Ha XXECTKHH JIUCK OPTaTHBHOTO KOMIIbIoTepa. [IpeaoikeH MeTo I onpe/iesieHus! mapame-
TPOB YCTAHOBKHU JUIsl TIOATOTOBKM TEMJIOHOCHUTENSI B TEXHOIOTHAX MepepaboTKH MOJIOKa
C MCHOJIB30BAaHUEM KOMIUIEKCHOH SHepro3aMelnaronieil yCTaHOBKH, KOTopasi 00ecHeunT
CHIKEHHME 3aTpart ekTposneprun ot 30 10 70 %.

Pesynbmamur uccneoosanus. 3atparsl SIEKTPUUECKON SHEPTHU HA TEIUIOBBIE MPOLECCHI
MOTYT OBITh CHIKEHBI 32 CUET UCTIONb30BaHMs SHeprun ComHIa. {71 Toro 4ToObl pennTh
3a1aqy ONTHMU3AIIH COOTHOIIECHUS pacXo/ia TEIUIOHOCUTEIIS, IIOIIA I HarpeBa B TeIIo-
O0OMEHHHUKE U TUIOMIAAN TelHOKOIUIEKTOPOB 3HEPro3aMeIaroniell yCTaHOBKU, PEKOMEH-
JIOBaHO UCIIOJIb30BAaHHE ITOTYUCHHBIX TPaHUECKUX 3aBHCUMOCTEH, a Takxke GopMy st
OTIpe/IeNIeHNs] TUIOMIAAN TeTHOKOIIEKTOPOB.

Obcyocoenue u saxnouenue. OnpeneneHne MIOMAAN TeINOKOIIEKTOPOB KOMILIEKCHOM
9HEPro3aMeNIAIONIeH YCTaHOBKH ISl PealbHBIX MPOM3BOJCTBEHHBIX YCIOBUIl BO3MOMXKHO
C TIOMOIIBIO MOJyYEHHOW aHAINTHYECKOH 3aBUCHMOCTH, YYUTHIBAIONIEH B3aHMOCBS3b
YKa3aHHOTO IMapaMeTpa OT TeMIepaTypHOTO peXHMa Harpea, MJIOIAJH MOBEPXHOCTH
Harpesa B TEIJIOOOMEHHHKE, MacChl 00pabaTbIBaeMOro MOJIOKA B eIMHHUIYY BpeMeHu. [1o-
Jy4eHHbIe rpaduueckye 3aBUCUMOCTH JJAI0T BO3MOXKHOCTb OMPEAETIHTh PACXO]] TETIOHO-
CHTeIIs 1 IIONIaIb HarpeBa JUIsl 3aJaHHbIX 3HAYeHHH TeMIIepaTyphl Harpesa.

Kniouesvle cnoga: TenoKOIIIEKTOP, KOMIUIEKCHAs SHEPro3aMeNlarolas yCTaHOBKa, Te-
TUIOHOCHUTEINb, HCTOYHUK SHEPTUH, MOBEPXHOCTh HArpeBa, TEMIEpaTypa MacTepH3aluy,
MOJIOKO, HEProcOepexeHue, TeII000MeH, TEII0Bask MOIHOCTD, MIIOIIA/b TIOBEPXHOCTH
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Modeling the Process of Heat Treatment of
Liquid Products in a Plate Heat Exchanger Using
an Integrated Energy-Substituting Installation

Yu. B. Gerber’, A. V. Gavrilov, N. S. Kiyan

Academy of Bioresources and Environmental Management of
Vernadsky Crimean Federal University

(Agrarnoye, Simferopol, Russia)

‘gerber 1961@mail.ru

Introduction. Currently, the issue of reducing electrical energy consumption in the technolo-
gies of processing agricultural products, in particular, milk is topical. In large part, these
costs are associated with the implementation of heat treatment processes. The reduction of
electrical energy consumption can be achieved in several ways, one of which is the de-
velopment and application of solar-powered installations. In this case, the consumption of
traditional electrical energy is significantly reduced, but the manufactures have the task of
coordinating the installation parameters and the real production conditions of enterprises.
Materials and Methods. The study examined energy consumption in milk processing tech-
nologies, plate heat exchanger operation modes and heliocollector performance indicators.
The heating temperature of the coolant and the product was determined with an instru-
ment complex that allows registering the temperature values in 8 different control points
and transmitting the received signals to the personal computer hard disk. The method for
defining the parameters of the plant for preparing the coolant in the technologies of milk
processing with the use of a complex energy-substituting unit is proposed. The new tech-
nique provides a reduction of electric energy consumption from 30 to 70%.

Results. The consumption of electrical energy for thermal processes can be reduced by
using solar energy. To solve the problem of optimizing the ratio of product consumption,
heating area in the heat exchanger, the area of the solar collectors of the energy-substi-
tuting installation, it is recommended to use the obtained graphical dependencies and the
formula for determining the area of the solar collectors.

Discussion and Conclusion. It is possible to determinate the area of solar collectors of
complex energy-substituting installation for real production conditions through using the
obtained analytical dependence taking into account the dependence the specified parame-
ter on a temperature mode of heating, the area of a surface of heating in the heat exchanger,
and weight of milk being processed per unit of time. The obtained graphical dependencies
make it possible to determine the product consumption and heating area for the given heat-
ing temperature values.

Keywords: solar collector, complex energy substitution unit, heat carrier, energy source,
heating surface, pasteurization temperature, milk, energy saving, heat exchange, thermal
power, surface area

For citation: Gerber Yu.B., Gavrilov A.V,, Kiyan N.S. Modeling the Process of Heat Treat-
ment of Liquid Products in a Plate Heat Exchanger Using an Integrated Energy-Substituting
Installation. Inzhenernyye tekhnologii i sistemy = Engineering Technologies and Systems.
2020; 30(2):200-218. DOI: https://doi.org/10.15507/2658-4123.030.202002.200-218

BBenenue Tpar JOPOTOCTOSIIIUX SHEPTOHOCHUTENEH
B coBpeMeHHBIX YCIOBUSAX arpompo- B TEXHOJOTHUSX MEPEepabOTKU CEITbCKOXO-
MBIIIUIGHHOTO TPOW3BOJICTBA BCe 0Oosiee 3AHCTBEHHON MNPOAYKIMU, B YACTHOCTH
OCTPO CTaHOBHUTCSI BOIIPOC CHIDKEHHSI 3a- MOJIOKA. 3aTpaThl AIIEKTPOSHEPTHH IS
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OCYIIECTBJIEHUS] TEIJIOBBIX MPOLECCOB
CYIIECTBEHHO MOBBIIIAIOT CE0ECTOMMOCTh
TOTOBOM, B YaCTHOCTH MOJIOUHOH, MpO-
IYKIMH, YTO CHHXKAET €€ KOHKYPEHTOCIIO-
COOHOCTH W BEJET K HAIOJHEHUIO PHIHKA
JICHIEBOM HEHATypallbHOM IPOAYKIMEH.
CHmKeHHs 3aTpaT MOXKHO JTOOUTHCS Kak
TEXHOJIOTUYECKUMH, TaK U TEXHUYECKH-
MH crioco0amu, Hanpumep, pazpadoTKON
U TNPHUMEHEHHUEM YCTAaHOBOK, HCIIONIB3Y-
IOIINX COJTHEYHYIO SHepruro. B atom ciy-
yae pacxojl TPaTUIMOHHOW »IeKTpHuye-
CKOW BHEpruu CyIIECTBEHHO CHMYKAETCS.
OpHaxko B IPOM3BOJICTBEHHBIX YCIOBHAX
BO3HMKAeT 3a7adya OIpelesieHust Tpely-
€MBIX IapaMeTpPOB HHEPro3aMeIlaronei
YCTaHOBKH C PeaJbHBIMHU ITPOM3BO/ICTBEH-
HBIMU YCJIOBUSMH TIPEIIPUATHS.

Panee mnpoBeneHHBIE HCCIIEAOBAHUS
MO3BOJIMJIM  CIIEJIaTh BBIBOJ O LIEJNECO-
00pa3HOCTH HCIIOIBb30BaHMS KOMILIEKC-
HOM  SHeprozameniaromeid  yCTaHOBKH
(KDY) Ha OCHOBE TeEIHOKOUIEKTOPOB
JUIS CHIIKEHHUS SHEpPreTHYecKHX 3aTpar
MPU pealn3aluy TEIJIOBBIX IPOLIECCOB
B TEXHOJIOTHSIX MTPOU3BOJCTBA MOJIOYHBIX
npoaykroB [1-4]. OnpeneneHa BO3MOX-
HOCTH YCITCIITHOTO HCTONb30BaHusI KOV
JUTS TAKUX TETUIOBBIX MPOIECCOB, KaK Ma-
CTepHu3alysi, HarpeB, TEIUIOBasl BBIJIEPXK-
Ka TIpU TPOU3BOJCTBE KHCIOMOJIOYHOM
rpyInbsl IPoaykToB (kedup, TBOPOTL, cMe-
TaHa u T. 11.) [5-8; 10].

Jnsa opraHu3anuy MPaKTHYECKOTO
npumenennss KDY B ycnoBusx mpous-
BOJICTBA BO3HMKJIa HEOOXOAMMOCTH OTI-
peaeneHuss COOTHOIIEHUSI TEMIIEpaTyphbl

TEMJIOHOCUTENA ¢, U ero pacxofa P,, a Tak-
K€ HEOOXOIMMON CYMMAapHOW TUTOINAIH
TEeJIMOKOJIEKTOPOB | U1 peanu3anuu
KOHKPETHBIX TEIUIOBBIX MPOLIECCOB C IO-
MOIIBIO IIJTACTUHYATONH TEINIOOOMEHHOMN
ycranoBku [9]. B naGoparopuun kade-
Jpbl TEXHOJOTMH W O00OpYIOBaHUs MPO-
M3BOJCTBA M MEPepadOTKH MPOLYKLIHUU
JKUBOTHOBOZCTBA AKaJeMUu Ouopecyp-
coB u npuponpomnoias3oBanus GIAOY BO
«K®Y nm. B. . Bepraackoro» ObLT Ipo-
BEJICH PsIJl DKCTIEPUMEHTOB T10 OTpeene-
HUIO IapaMeTpoB MpPEAIoKEeHHON ycTa-
HOBKHM. YacTb MOJIy4E€HHBIX PE3yJIbTaTOB
ommyOJIMKOBaHa B OTKpbITOW medaru [10],
B JAHHOW MyONMKalM{ HPUBENEHBI pe-
3yABTAaThl HMCCIENOBAHUHA 3aBHCHMOCTH
JUHAMHMKH HarpeBa KHJKOTO MpPOIyKTa
C TIOMOIIBIO KOMITJIEKCHOM 3Hepro3ame-
HIAaloIIel yCTAaHOBKH OT OCHOBHBIX Ia-
paMeTpoB TEIIOOOMEHHOM YCTaHOBKU:
pacxona TEIIOHOCUTENsT P, M Iulomanu
KOHTAaKTa C IIOBEPXHOCTHIO HAarpeBa Fp‘.

Iens uccnenoBaHus — NOJYYUTh aHA-
JUTUYECKYIO, a TaKkKe IOCTPOUTH TIpa-
(oaHaMUTHUECKYI0O MOJIENb  Mpolecca
TETJIOBOW 0OPabOTKM KUIKOTO MPOLYKTa
C UCIOJIB30BAaHUEM I'eJIMOCUCTEMBI, Pa3pa-
00TaTh METOOUKY OIpeaesieHHs] HeoOXo-
JUMOH TUIOLIAN TEIHOKOJIJIEKTOPOB JUIS
Harpesa 3a/JaHHOTO KOJINYECTBA MPOYKTa
B €IMHMIlYy BPEMEHH JI0 33aHHOW TeMIle-
paryphi’.

0O0630p JauTEpaTypHI

M3ydeHneM TEIIOBBIX MPOLIECCOB Ha
MPOTSHKEHUH MHOTHX JIET 3aHMMAlOTCS
y4deHble Bcero mupa [4—6]. OCHOBBI TeTIo-

! PeoMeTpusi MUIIEBOTO CHIPhSi W MPOAYKTOB: crnpaBovHuK / mox pen. FO. A. Maunxuna. M.:

Arpomnpomuszar, 1990. 270 c.

2 Epmounaes B. A., I'puuenxo 1., FOpuenxo B. B. Ananu3 siustaust crioco0a MojiBozia TerioThl Ha Ipo-

[eCC BaKyyMHOIO 00O€3BOKMBAHMSI MOJIOUHBIX MPOyKTOB // IHHOBaImy B muieBoi Onorexuonoruu: Coop-
HHK TPpyIoB MexmyHaponHoro cummosnyma / o oomr. pex. A. 0. Ipocekosa. Kemeposo: N3n-Bo ®I'BOY
BO «Kemeposckuii rocynapctBeHHbli yHuBepcurer», 2018. C. 290-296; Kozaosa O. B., Tyara6aesa T. U.
CoBepIICHCTBOBAHIE TEXHOJIOTHHU TOTyYIEHUS MOJIOYHO-OSIIKOBBIX KOHIICHTPATOB, OI[EHKA COCTaBa U TEXHO-
JIOTHYECKUX CBOMCTB // IHHOBanuK B nuieBoi OrnorexHonoruu: COOpHUK TpynoB MexTyHapOIHOTO CHMIIO-
3uyma / ozt oo pea. A. O. IIpocekosa. Kemeposo: Uzn-so ®I'EOY BO «KemepoBckuii rocyaapcTBeHHbIN
ynusepecurem», 2018. C. 33-44; Kpurep O. B., Baii C. Pazpa0oTka noJIMKOMIIOHEHTHOTO IPOONOTHKA Ha OC-
HOBE JJAKTOOAKTEPHH, BBIICTICHHBIX M3 HAIMOHAIBHBIX KUCIOMOJIOUHBIX MPOAYKTOB // IHHOBAIiyM B MUIIEBOI
ouotexHonorun: COOpHUK TpynoB MexryHapoaHoro cumiosuyma / mox oo, pea. A. FO. IIpocekosa. Keme-
poBo: 1zn-Bo ®I'BOY BO «KemepoBckuii rocynapcTBeHHBIH yHHBEpcUTETY, 2018. C. 44-48.
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oOMeHa W MpUKJIaJHbIE 3a/1a4H 1O TEeIUIo-
BOll 00palbOTKE CELCKOXO3IHCTBEHHOTO
CBIPbSl OTPAXEHBI B padoTax psaa uccie-
nmosareneii [11; 12]. Bonpocamu ontumu-
3aIlUH HEPTeTUYECKUX 3aTpaT B TEXHOIO-
THSX TIEPepabOTKHU CeNbCKOX03HCTBEHHON
MPOAYKIMHU 3aHUMAJIUCh YUEHbIE KaK B Ha-
mieil crpaHe, Tak M 3a pyoexom. Pere-
HHME TIOCTABJIICHHOW 3a/1auMl IpeylaraeTcs
B CJIEAYIOIIUX OCHOBHBIX HallPaBICHUSIX:
ONITUMU3AIHSI TEXHOJIOTHH C IIEJIBIO CBEIe-
HUSl K MUHUMYMY TTOBTOPHOCTH TETIJIOBOM
o0paborku [13—15]; coBepIeHCTBOBaHHUE
KOHCTPYKIMH oOopynoBanus [16—18];
BHEJPEHHE TEXHUUYECKHX CPEACTB Ha Oc-
HOBE MCIOJIb30BAHUS BO300HOBIISIEMBIX
uctouHukoB sHeprum® [19; 20]; kom-
TUIEKCHOE MCTOJIBb30BaHHUE TPATUIIMOHHBIX
U BO300HOBIISIEMBIX HCTOYHUKOB JHEP-
run* [21; 22]. Tpennaraembie peicHuUs
TEXHOJIOTHUECKUX MPUEMOB ONITUMHU3ALNU
JHEprosarpar CrioCOOCTBYIOT YaCTUUHOMY
peIIeHuIo MpoOIeMbl, OJJHAKO CYIIIECTBEH-
HO TIOBJIMSATh Ha CHIKEHHE 3aTpaT J0po-
TUX TPAaJULHMOHHBIX SHEPrOHOCUTENEH
He MoryT [23-25]. CoBepIleHCTBOBaHHE
KOHCTPYKLMH 000pPYIOBaHUS IPH MIPOUHX
TTOJIOKUTENBHBIX A (dekTax (MOBHIIICHNE
MIPOU3BOJUTEIBHOCTH, CHI)KEHHE 3arpar
Tpy/Ja) TaKke He OKa3bIBAaeT 3HAUUTEIILHO-
TO BIMSHUSA Ha pelleHne yKa3aHHOM 3a/a-
un [26-28].

O030p nWUTEpaTypHBIX HCTOYHHUKOB
JEMOHCTPUPYET OONBLION HMHTEpec HC-

ciefoBaresiell K MCIOIb30BaHUIO BO300-
HOBJISIEMBIX MCTOYHHMKOB DHEPIrUHM B TEX-
HOJIOTMYECKHUX Ipoleccax, B YaCTHOCTH
arpapHoM mpoussozcTse’ [29; 30].

[IpuponHO-KIMMaTHYECKHE  YCIIOBHSA
Kpeima u rora Poccun B 3HauMTEIHHOM
CTENEHU ONaronpusiTCTBYIOT —Pa3BUTHIO
COJIHEYHOW 3HEPIreTHKH, OATOMY PsijL HC-
CJICIOBAaHUH MOCBSILIEH 3TOMY BOIPOCY
npuMeHuTenpHo K KpbiMckomy peruo-
Hy [31-33]. 3apyOckHBII OMBIT B yKa-
3aHHOW O0JIaCTH OTpa)KEH B ITyONHKAIHIX
yueHbIX [lanuu, ['epmanun, Uramuu u qpy-
rux ctpat [34-37].

CoBepIICHCTBOBAaHHUIO 000PYIOBaHMS
JUISL MCIIOJIb30BAHUSI COJHEUHON 3HEpIruu
U TIOBBINICHHIO KOd(hUIMEHTa UX TO-
JIE3HOTO JCHUCTBHS yaenseTcst OoJblioe
BHUMaHHE B TocieaHue rojpl. Marepuan
U3TOTOBJIEHUSI U KOHCTPYKTHBHBIE OCO-
OGHHOCTH COJHEYHBIX Oartapeil 3a TI0-
CJIEIHUE IISITH JIET IPETEPIIETIN CEPhe3HbIE
WM3MEHEHHUS U MTO3BOJISIIOT CTAaBUTH BOTIPOC
0 HIMPOKOM HMX NMPUMEHEHUH B TEXHOJIO-
THYECKHUX IMpoleccax arponpOMBIIUIEH-
Horo mpou3sBojcTea’ [38]. KommiekcHoe
UCIIONIb30BaHNE KaK TPaJULHMOHHBIX, TaK
U BO300HOBJISIEMBIX MCTOYHUKOB 3HEPIUU
pPaccMOTpPEHO B psijie padboT’.

[IpoBeneHublii  0030p JUTEpATypHI
Mo MpeasiaraéMoi TeMe Hay4yHbBIX Hcclie-
JOBaHWH JaeT BO3MOXKHOCTb CJHEJaTh
3aKIIIOYeHne 00 SKOHOMMYECKOW ILIeIeco-
00pa3HOCTH NPUMEHEHUS B TEXHOJIOTHSIX

’ Taeko V. I., CagpiroBa JI. A. PazButHe anbTepHaTHBHBIX HCTOYHHKOB 9HEPTUH B IOMOIIb Peliie-
Hu# ipobnem suepretuku B PK // Axryanbubie npoonemst suepretukn AITKOK: matepuanst VIII mexy-
HapOHOH Hay4HO-TIpaKkTHIecKoi KoHpepenimu. 2017. C. 261-264.

‘Bacuabesa I. A., TposinoBa E. H. TIpoGiembl pa3BuTHS alIbTEPHATHBHBIX HCTOYHHKOB SHEPTETHKH
Poccun // CoBpemMeHHOE MHHOBAIIMOHHOE OOIIECTBO: AWHAMHKA CTAHOBIICHUS, ITPUOPUTETHI Pa3BHUTHS,
MOJICpHU3ALINS: SKOHOMHUECKHE, COLHANbHbIe, prnocodckue, IpaBoBble, OOIIEHAYYHbIE ACTIEKThI: MaTe-
puansl MexxayHapoaHO# HayIHO-TIpakTHYecKoil koHdepennun. 2015. C. 28-31.

SGabor D., Colombo U., King A. S. Beyond the Age of Waste: A Report to the Club of Rome. 2™ Ed.
2016. 258 p. URL: https://www.elsevier.com/books/beyond-the-age-of-waste /gabor/978-0-08-027303-7

(nara oopamenus: 30.03.2020).

¢ Sabarez H. T. Thermal Drying of Foods. In: Fruit Preservation. Food Engineering Series /

A. Rosenthal [et al.]. New York: Springer, 2018. Pp. 181-210. URL: https:/link.springer.com/chap-
ter/10.1007/978-1-4939-3311-2_7 (nara obparuenus: 30.03.2020).

7 AnbTepHAaTHBHbIE  HMCTOYHHMKH dHepruum  [DnmektpoHublii  pecypc]. URL:  http://e-kon-
cept.ru/2015/65324.htm (mara obpamenus: 30.03.2020); HerpamunmnoHHbIe BO30OHOBISIEMBIE HCTOUHUKH
sHepruu [Dnekrponusiii pecypc]. URL: http://www.bibliotekar.ru/alterEnergy/26.htm (nata obpamienus:
30.03.2020).
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nepepaboTKi MOJIOKa HETPaJAWULIMOHHBIX
HCTOYHUKOB DHEPrHH, B JAHHOM Cllydae
sHeprun CONHIIA, /U COKPAIEHHS 3aTpar
ANEKTPUYECKOI SHEPTUH Ha HATPEB MOJIO-
ka [5; 12]. bompmryro 9acTe 3arpar dHEp-
TMU B TETUIOBBIX Ipolieccax nepepaboTKu
MOJIOKA 3aHUMAET MacTepu3alis U Harpes
(B TOM 4HMCIIe TIpeIBapUTENBHEIN) Ha pa3-
JUYHBIX TEXHOIIOTHYECKHUX JTamax mepe-
pabotku® [13—16]. Pasuuma Ttemmeparyp
MIpU HAarpeBe MPOAYKTa 10 HEOOXOIMMOTO
3Ha4YeHUs 00BIYHO cocTarisieT 65...70 °C.
VY4uuTeIBasA, YTO Ha HarpeB OJHON TOHHBI
MOJIOKa BCETO Ha OMH Ipanyc Tpedyercs
okoino 1,1 kBT anekrposnepruu, 11 npea-
MIPUATHUS TTPOU3BOJCTBEHHOW MOIIIHOCTBHIO
B HECKOJIBKO JECSTKOB TOHH HECIOKHO
OTPENIeNIUTh CyMMAapHbIE 3HEPreTHYecKue
3aTpaThl, KOTOPbIE B KOHEYHOM CueTe 3a-
KJIaJbIBAIOTCSl B C€0ECTOMMOCTH TOTOBOTO
npomaykra’ [17-19].

Panee mpoBeneHHBIE WCCIIEIOBAHUS
[IOKa3bIBAKOT, YTO OCHOBHOW NPUYMHOMN
OOJIBIIMX HHEprozarpar B TEXHOJIOTHIX
nepepabOTKM MOJOKa M TPOU3BOJCTBA
MOJIOYHBIX IIPOIYKTOB SIBIISIETCS TEMIIEpa-
TYpPHBIH PEKUM M O0BEM TETUIOHOCHTEIIS
(Bomer) [3]. IlpemBapuTenbHBIA HarpeB
TEIUIOHOCUTENS TIPH IOMOIIM TeJIIHO-
YCTpOWCTBa W Tojiaya K TeMJOBOMY all-
napary, KOTOpBI yCTaHOBJIEH B TEXHO-
JIOTUYECKON JIMHWH, JTAIOT BO3MOXKHOCTb
CHU3UTH PACXOJ JEKTPUIECKON SHEPTHH
Pa3NUYHBIX TPATUIIMOHHBIX YHEPrOHOCH-
TeJel 1 MO3BOJISIIOT CIENIaTh IPOU3BO/ICT-
BO 110 TIepepaboTKe MOJIOKa MEHEE SHEPro-
3arpatHbM [2; §].

Breimonnennsle Ha Kadenpe TexHO-
Jmorui ¥ 00OpYNOBaHWS TIPOU3BOJICTBA
U TepepadOTKH TPOAYKIHWH KHUBOTHO-
BOJICTBa AKaJeMuHu OHOpPEeCcypcoB M TpH-
ponomnons3oBanuss OGIAOY BO «KDY
um. B. . BepHajnckoro» J1abopaTopHbIe
Y TIPOU3BOJCTBCHHBIC DKCIICPUMEHTBHI T10
npumeHeHnio KOV B 10kHBIX pernoHax

CTpaHbl JJIl TIOIOTPEBA TETJIOHOCUTEIS
nokazanu [1; 3], uro KOV no3sonur cuu-
3WUTh YKa3aHHBIN BBIIIIE MHTEPBAI: TP He-
ONaroNpHUATHBIX ITOTOAHBIX YCIOBHUIX — 110
45-50 °C; mpu 61aronpusATHBIX TIOTOTHBIX
YCIIOBHSIX (SICHasi COJIHEYHas 1orojia) — J10
25-30 °C [8-10].

Haubonee mnepcrieKTUBHBIN BapuUaHT
npumeHeHns dHeprun ConHna s obec-
MeYeHHs] TETUIOM TEXHOJIOTUYECKUX JIH-
HUH CpeAHel NMPOU3BOAUTEIBHOCTH — 3TO
CHCTEMa, COCTOSIIIAsl U3 KOMOMHAIIUH COJI-
HEUYHBIX KOJJIEKTOPOB, TEIJIOBOIO KOTJa,
Oaka-akkymyJsitopa [8; 14].

OCHOBHBIMH KOHCTPYKTUBHBIMHU DJI€-
MEHTaMH TpeIokeHHoN KDY saBistoTcs
TpyOUaThIii TETHONPUEMHUK (TEITMOKOI-
JEKTOp) U OaK-aKKyMYJSITOp, yCTaHOB-
JIeHHbIE Ha Hecymied pame. Takxke ycra-
HOBKa HMMEET CHUCTEMY BOIOCHAOKCHHS
C TeIIOM3OIIALINEH W TepPMOU3MEPHUTEIh-
HBIH  KOMIDIEKC. OKCIIEpHMEHTaJIbHAs
KDY paboraer cuemyromuM o00pa3oM.
Hupkynauus TEMIOHOCUTENS OCYIIECTB-
JIIeTCs 32 CUET U3MEHEHMS €T0 TNIOTHOCTH
[0 MEPE HarpeBaHUs COJIHEYHBIMU JIyda-
MU. HarpeTslii TerIoHOCHTENb, TTOCTYyTIast
B BEPXHIOIO YacTh Oaka-aKKyMylsTopa,
BBITECHSIET M3 HIDKHEH YacTh TpPOXJIaj-
HbII TEIJIOHOCUTENb. BBITECHEHHBIN Te-
IUIOHOCUTENHh NPU 3TOM MEpEeTeKaeT Mo
HIDKHEH 4YacTH UUPKYISLUOHHOTO TPYy-
0OIpOBO/Ia B HMYKHIOIO YacTh T€ITHOKOII-
JIEKTOPA, 3aIOJTHSS TIPOCTPAHCTBO. 3a00p
HarpeToro TEIJIOHOCHUTENS (BOIBI) U3
0aka-aKKyMynaTopa OCYIIECTBISICTCS W3
BEpXHEU YacCTH.

IIpakTnueckoe mnpumenenne KOV
B YCJIOBHUSX ITPOU3BOJICTBA 3aTPYIHSET He-
OTIPENIEeNIEHHOCTh COOTHOIIIEHHS TeMIiepa-
TypBI TEIUIOHOCHUTEIIA £, U eTo pacxoxa P,
a Takke HEOOXOAMMOW CyMMAapHOM ILIO-
a1 TEJINOKOJUIEKTOPOB F, Ui peau-
3alMd KOHKPETHBIX TEIJIOBBIX MPOLIECCOB
C TIOMOIIBIO TIACTUHYATON TEeTTI000MEH-

8 Taexos V. I, Cagpirosa JI. A. Pazsurre albTepHATHBHBIX HCTOYHUKOB SHEPTHHU B TIOMOIIb Pellie-

HUi ipoOiieM sHepreTuky B PK.

°Bacuabesa I. A., Tposinosa E. H. I[Tpo0iieMbl pa3BuTHS aJIETEPHATUBHBIX HCTOYHUKOB SHEPTETHKU

Poccun.
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HOM YCTaHOBKH. JJaHHO€ COOTHOIIEHUE 10
CYTHU ONPEAEISET KOHCTPYKTUBHO-PEKUM-
HbIE apaMeTpbl YCTAHOBKH JJIsI KOHKPET-
HBIX TEIJIOBBIX PEKHUMOB, 0e3 KOTOPBIX
HET BO3MOXXHOCTH J1aTh MTOJTHOIIEHHBIE pe-
KOMEHAINH pou3BoACTBY. O030p U aHa-
JIU3 UCCICNOBAaHUM, MPOBEIEHHBIX paHee
YUYCHBIMH B BOIPOCAX MCIOIb30BAHUA
TEIUIOHOCUTENISL, HAarpeToro ¢ MOMOIIBIO
reJIN0yCTaHOBOK, MTOKAa3ajl, YTO METOJIUKA
TAKOIO pacyeTa Ha CErOIHSIIHUMN JIEHb OT-
CYTCTBYET.

MarepuaJjbl 1 METObI

Kak ykazaHo BbIIIe, Ha Kadeape Tex-
HOJIOTMH U O0OPYIOBaHUS MTPOU3BOJCTBA
U TiepepabdOTKH TPOAYKIHWN HKUBOTHO-
BOJCTBAa AKaJleMHUH OHOpPECYpPCOB M TPH-
pormononb3oBanus DPIAOY BO «KDY
uM. B. WM. BepHaiackoro» B pe3synbrare
MIPOBEJCHHBIX MHOIOJIETHUX HCCIIEI0BA-
HUI HaKOTUIEeH OONBIION HAYYHBIA U TIPO-
W3BOACTBEHHBII  ONBIT  HCIIOJb30BAHUS
KDY B TexHomorusx mnepepaboTKu MOJIO-
Ka, MOCIIY)KUBIIMHA OCHOBOM JUJISl ILJIAHU-
POBaHMSI ¥ TIPOBEACHUS OMMCAHHBIX HUXKE
AKCIIEPUMEHTOB.

Onpedenenue  3a8ucumMocmu  mem-
nepamypel Hazpesa HCUOKocmu t, 8 nia-
CMUHYATOM MeNni1000MeHHUKe Om pacxo-
o0a mennonocumeins P,

T'eneparop Toka /
Current generator

Hns 3amepa Temmeparypbl HarpeBa-
€MO# BOJBI B NMAacTEPU3aLMOHHON yCTa-
HOBKE HCTIOJIB30BAINCH TapUPOBAHHBIC
tepmonapsl TXA tuna K uzmepuresns-
HOTO BOChbMHKaHaJbHOTO Ojioka «Tapa
HA-UT-8TII-03a-PST-2U», cobpaHHOTO
10 cxeMe, PUBECHHON Ha pUCYHKeE 1.

[TorpenrHocTh TEMIIEPATYPHOTO MTOKA-
3aTelts 1o macnopry y npudopa «Tapay Ha
tepmomnape +(—)0,03 °C.

3HaYeHHUS C I3MEPUTEIBHOTO MTPUOOpa
«Tapa A-UT-8TII-233a-PST-2U» 3anucel-
BasIMCh B iporpamme Technolog Soft.

Ha nmnacrtunuareii  macrepusarop
OBUTH YCTAHOBJICHBI TETUIOM30JIMPOBAH-
HBIC TEPMOIATIHUKH (PHC. 2).

s u3MeHeHus pacxojia peryimupoBa-
Jlack Mojavya MOJIOKa B CEKIIMH MacTepu3a-
TOpa MPU MOMOILH PETyIUPOBOYHOIO BEH-
THWJISL, U3MEHsIs yrod moBopora. [locie yero
Ha BBIXOJIE 3aMEPSIJICS PacXo]] MOJIOKA.

Pacxon Monmoka BBIYUCISUIA CIIEAY-
IOIIMM 00pa3oM: KaxIblii pa3 MocIie TOro,
KaK peryJMpOBOYHBI BEHTHIIb yCTaHaB-
muBaics Ha 20°, 40°, 60°, 80° moBopoTa,
Y NacTepU3allMOHHAs YCTAaHOBKA BBIBOAM-
Jach Ha Pabovnil PEeKUM, CEKyHIOMEPOM
3aMepsIIOCh BPEMsI 3allOJTHEHUS €MKOCTH
(6bumon 25 1), 3aTeM EMKOCTh B3BEIIIH-
BAJIACh M PaCCUUTHIBAICS O0OBEM MOIIO-

HumukaTops! /

Indicators
! i
TII1 / TC1 Brixon (KOHT.
= AAL]E)F(ID/ = = pene) / Exit

TI2 /TC2 KomyTaTop curnanos / MuxkpokorTpomiep / (control relay)

H Switch signals Microcontroller

. | .| BrxoaRS 485/
TII8 /TC8 . - Exit RS 485

KiaBuatypa /
Keyboard

P uc. 1. O606meHHas QyHKIMOHATbHAS CXeMa OIKIFOUCHHS H3MEPUTEIBHOTO BOCEMUKAaHAIBHOTO
6mnoka «Tapa JI-UT-8TII-23a-PST-2U»

Fig. 1. Generalized functional diagram of the connection of the measuring eight-channel unit Tera
D-IT-8TP-E3a-RST-2U
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P u c. 2. [lacrepuzaTop ¢ ycTaHOBIECHHBIMU TEPMOTIApaMHU
Fig. 2. Pasteurizer with installed thermocouples

ka (V, ). [locie yero st Kax1oro yria mno-
BOPOTA PACCUUTBIBAIICS PACcXol Py, JI/MUH:

rae V' — oObeMm Mosoka, J1; T — Bpewms,
B TEUCHHE KOTOPOTrO 3alOJHUIACH EM-
KOCTh, MHH.

Onpedenenue 3a6UcCUMOCmU  Memne-
pamypol Hazpesa HCUOKoCmu t om nioua-
ou mennooomennvix naacmun F),

B nmaHHOM »3KCIepHMEHTE IUIONIa/b
HarpeBa M3MEHSIACh KOJIUYECTBOM YCTa-
HOBJICHHBIX IUIACTHH: C pabodell ycra-
HOBKH JIEMOHTHPOBAJIACh YacTh IUIACTUH
B CEKI[UH MACTEPHU3ALMHU, IPH STOM 001IIee
HX KOJIMYECTBO B DKCIIEPUMEHTAX COCTa-
BUJIO 6, 9, 13 (puc. 3). B mporecce kaxmo-
ro ONbITa NACTEPHU3AIMOHHAS YCTaHOBKA
BBIBOIMJIACH HA pa0OYMil PEXKUM C 3aJIaH-
HBIM KOJIMYECTBOM BKITFOUCHHBIX DJICKTPH-
YECKUX Harpepareiieli (BO BCEX OIBITAX
YHUCIIO PabOTAIOIMX HarpeBaresiel ObLIo
OJTMHAKOBBIM).

206

B sToM pexxnme ycraHoBKa paborania
(hMKCHPOBaHHOE BpeMs, a 3aTeM H3MepsIach
TeMIIeparypa nacTepru3yeMoro MoJIoKa.

Pe3yabTaThl Hcciie10BaHUA

CormacHO JaHHBIM, TIOMYYCHHBIM
B pe3ylbTare IEepBOr0 SKCIEPUMEHTA,
noctpoeH rpaduk (puc. 4). 3 rpaduxa
BHJIHO, YTO YBEIIMYEHHUE pPacxoaa Ipo-
JIyKTa BEJET K CHIDKEHUIO HarpeBa Mo-
JIOKA TPH MPOYUX PABHBIX YCIOBUSX, UTO
BIIOJIHE OOBSICHUMO 3aKOHAMH TEPMO/IH-
HaAMUKH.

JluraMyka u3MeHeHwust OoJiee SIBHO Ha-
OnromaeTcs B [uana3oHe 3HaueHui ot 21,5
1o 24,5 n/muH, B JajJbHEHIIEM JUHAMHUKA
CHIDKEHHS 3aMezuisiercs. TpeOyemas Tem-
neparypa nactepusanuu (82 °C) moctura-
eTcs Ipu pacxoe Mosoka 23,8 j1/muH. [laH-
HBIN PacXoJl MOYKHO CYUATATh ONITHMAITbHBIM
JUI TIacTepu3allid MOJIIOKa TIpH  (DUKCH-
POBaHHOW TIIOMIAAM TEIUI00OMeHa ycTa-
HOBKH 2,23 M* (BapHaHT BKJIFOUYCHHS BCEX
TUTACTHH CEKITNH). YKa3aHHAas TeMIIepaTypa
COOTBETCTBYET ONTUMAJILHON TeMIIEpaType
MacTepU3aInK, HAIPUMED, TIPH TTPOU3BOI-
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P u c. 3. [lacTepuzarop ¢ KOMIIIEKTOM TEIIOOOMEHHBIX TIIACTHH MIPHU MTPOBEACHNH HKCIIEPUMEHTA

86
84
S
g5 %
33
[_'\’SS
g2 g0
=]
52
5% 76
74

F i g. 3. Pasteurizer with a set of heat transfer plates during the experiment

..... 84.6

y=-0,0071x2 — 1,5471x + 87 . 80,1
R2=0,9581 o
17,1 21,5 23,8 24.8

Pacxon monoka, /MuH / Milk consumption, I/min

P u c. 4. I'paduk 3aBHCUMOCTH TEMIIEPATYPhI HArpeBa ¢ oT pacxona P,
Fig. 4. Graph of the dependence of heating temperature ¢ on the flow P,
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CTBE (PYHKIIMOHAIIBHBIX KHCIIOMOJIOYHBIX
TIPOIYKTOB.

CHmwKeHne pacxofia 10 OTMETKH MEHee
21,5 n/MUH HE3HAYHMTEILHO BIMIET HA JIU-
HAMUKY M3MCHCHHS TeMITEPaTyphl HarpeBa,;
aHaJIOTHYHasl 3aBHUCUMOCTH HAONIOIaeT-
csi M B 00OJNIAaCTH 3HAYCHUWI pacxoma Oolee
25 n/muH. YduTBIBasw HEPaIlMOHAILHOCTb
pabOThl YCTAaHOBKH C HH3KOW MPOW3BOIH-
TENBHOCTRIO M CIIOKHOCTRIO Harpena o 3a-
JIAHHOM TeMIIepaTypbl IpY OYEHb BBICOKOM
MIPOU3BOAUTENFHOCTH TPOIIECCa, TPUXO-
JIIM K OTPaHMYCHUIO JMAaria30Ha 3HAYCHUI
pacxona npojykra. Takum 00pa3om, MOXKHO
c/Ienarhb BBIBOJ O T1e1eco00pazHOCTH pado-
THI IIACTHHYATON YCTAHOBKH JTaHHOTO TH-
nopasmepa (£, = 2,23 ’) B anasoHe 3Ha-
YeHHH pacxoza npoaykra 21,5-24,5 n/MuH.
[lonydeHHass 3aBHCUMOCTb TaKXke JacT
BO3MOYKHOCTb B JJIBHEHIIIEM OOOCHOBATH
METOAMKY OIPE/ICIEHHsT TIapaMeTpPOB Te-
TUTOOOMEHHOMN YCTaHOBKH.

CornmacHO  NaHHBIM, TIOTYyYEHHBIM
B XOZI€ BTOPOTO SKCIIEPUMEHTA, TOCTPOCH
rpadux (puc. 5).

OcHOBHasl 3ajaya TEIUI0OOMEHHON
YCTaHOBKH — HAarpeB KUIKOCTH JI0 3a]1aH-

85 84,3
I
~ TN 83,2
oo =T
P
a s T
25,
5
= a81
<
& 5
—
50 80
g =
o=
§ 379
& T
78
77
1,03 1,29

HOU MO TEXHOJOTHU TEeMIIepaTypsl 3a KO-
POTKHUH Mepruo ¢ MUHUMAJIBHBIMU 3HEP-
TeTHYECKHMH  3aTpaTaMu. ATPHOpPHbBIC
JIaHHBIE, a TAaK)Ke TIPOBENICHHBIN SKCTIEPH-
MEHT TOKa3bIBAIOT 3aBUCHMOCTh TEMIIC-
paTtypbl )KHIKOCTH OT yKa3aHHBIX IIapame-
TPOB — Pacxoja M IUIOIAAN Harpesa.

st pemieHnst MOCTaBICHHON 3aa4yu
HOJTyYeHHBIE 3aBHCUMOCTH OBLIIH COBMeE-
IIEHBI HA OIHOM rpaduke, Ha OCH OpIH-
HaT KOTOPOTO pAacIOJIOKEHBbI 3HAYCHUS
TeMIIepaTypbl Harpesa.

Bocnonb3yeMcsi MOMy4eHHBIMH COB-
MELICHHBIMUA TIpauKaMH Ui PELICHHs
3a/1au¥, MOCTABJICHHON B Hadaye, — OI-
peneneHuss  KOHCTPYKTHBHO-PEKUMHBIX
napamMeTpoB TEIIO0OMEHHUKA C MCIONb-
3oBanueM KOV.

st 5TOr0 MpoBOIMM Ha COBMEILEH-
HOM rpaguKe JMHUIO, NapaIeIbHYI0 0CH
abcmmce, dYepe3 TOUYKY, COOTBETCTBYIO-
IIyI0 TeMIleparype oOpabOTKH MpOmyKTa
(cornmacHO TOCYIapCTBEHHOMY CTaHIAPTy
WIN TEXHUYCCKHM YCJIOBHUSIM), JIO Tepe-
ceuenus ¢ rpapukamu (puc. 6). Ilomy-
YUM JIB€ TOYKHM mepecedeHus. OmycTuB
U3 TOYKH TEPECeUCHUs BEPTUKAIb Ha OCh

82,1
.............. 80,95

Y= 1125x + 85445 =08
R2=0,9999

1,54 1,89 223

Inomans MOBEPXHOCTH MIACTHH, M /
The surface area of the plates, m?

P uc. 5. I'paduk 3aBUCHMOCTH TeMIiepaTypbl TACTEPU3ALUH OT IUIOIIAAN TEITIOOOMEHHBIX ITaCTHH
Fig. 5. Graph of pasteurization temperature dependence on heat-exchange plate area
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P u c. 6. CoBmenieHHbIe Tpadiueckre 3aBUCHMOCTH TeMIIepaTyphl HarpeBa MpojyKTa OT pacxosa
TPOJyKTa P, ¥ IIOma v TOBEPXHOCTH TETIOOOMeHa £,

Fig. 6. Combined graphical dependencies of the product heating temperature on the flow rate of the
product P, and the surface area of heat transfer F,

a0cuuce, HaWaeM 3HA4YCHUs MapamMeTpa
pacxozaa P, ¥ IIoma iy MOBEPXHOCTH Ha-
rpeBa F,, COOTBETCTBYIOIME 3aJaHHOM
TeMIepaType.

Hanpumep, nns oOecrieueHUs TeM-
neparypbl oopaboTkn mpomykra 80 °C
pacxoj JO0JDKEH COCTaBiIATh 24,9 J1/MuH,
IIOIIAAb KOHTAKTa Tertooomena 2,12 m2.
TakxuMm 00pa3oM, OIPE/IEICHBI OCHOBHBIC
napaMeTpsl  paboThl  TEIIOOOMEHHON
YCTAaHOBKH, METOJIMKA ITO3BOJISET OIpe-
JIETUTHh yKa3aHHbIE PEKMMHO-KOHCTPYK-
THUBHBIC TapaMeTphl JUIsl JH000H TemIie-
paTypHOI TOYKH B JMANa30HE TEILIOBBIX
BO3JICHCTBUI Ha MOJIOKO (HarpeB, 3aKBa-
HIMBaHUE, TACTEPU3AIINS).

[Ipn ucnonp3oBaHWUU B cHCTEME pa-
0OOTBI MIACTHHYATOTO TETJI0O0OMEHHHU-
Ka KOMIUIEKCHOW 53Hepro3amMelaronien
YCTaHOBKH Ha OCHOBE T'€JIMOKOJJIEKTOPOB
B METOJMKE ONPEICIICHUS KOHCTPYKTHB-
HO-PS)KUMHBIX TapaMETPOB BO3HHUKAET
HEOOXOIMMOCTh OTIpPE/ICTICHHST UX CyM-
MapHO# moniaau. JJist Toro onpeaeaum
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CYMMapHyl0 TEIUIOBYIO MOIIHOCTb, CO-
3/1aBa€My10 FeJIMOCUCTEMOM.

MomHOCTh TEMJIOBOW 3HEPrUH, KO-
TOpasi TEHEPUPYETCS NOBEPXHOCTHIO COJI-
HEYHOI'O KOJUIEKTOPA U OTBOAMTCS IyTEM
€CTECTBEHHOM KOHBEKIIUM, OTIPEIEIIIeTCS
o hopmysie:

0, =FR(a-7:)-v0T><
U‘(];ax_j—('))

F|1-
P (a-r)-Fk

(1

.nk’

rae F, — miomaas MONIOMArOIIEH TOBEpX-
HOCTH TeJIHOKOJUIEKTOPa; @ * T — IIONIO-
IIAMOMIAs CIOCOOHOCTh T'EIMOKOIIEKTOPa
(npuBeneHHas Benn4nHa); [, —koaddumm-
€HT OTBOJIa TEIUIOTHI; V. — OTHOCHTEIbHAs
CKOPOCTb (IPOAYKTa U TEIUIOHOCHUTEIs)
B IUIACTUHYATOM TEIJIOOOMEHHUKE; V.
= [V4] + V35 vy — CKOPOCTb IBUKEHUS Te-
IUVIOHOCUTENSA; V;; — CKOPOCTh IPOIYKTa
B CEKIIMH TeIUI000MeHHUKa; T, U T, — TeM-
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neparypbl OKpY>Karowleil Cpebl ¥ TeII0HO-
cutels Ha Bxoje B Kosuiekrop; U — kodd-
(UIMEHT TEIJIOBBIX TOTEPh KOJUIEKTOPa
(npuBeneHHast Benuunna), Br/(mM*-K); n, —
KOJIMYECTBO CEKIMH KOJIJIEKTOPOB B KOM-
IUIEKCHOM SHEPrO3aMEIIAONIEN YCTaHOBKE.
VY4uThIBast, 4YTO HE BCS JHEPTUs, OT-
BoguMasi oT KosuiekTopoB KOV, Oynmer
nepeana MpoAyKTY, HEOOXOIUMO HANTH
3aBHCHMOCTH JUIA KOJIWYECTBA TETUIOTHI,
MOJTy4yaeMoON MPOAYKTOM B CEKIMH ILa-
CTHHYATOTO TEII000MeHHUKa. Bennunna
MIPOU3BOANUTENLHOCTH pabOThI CEKIIUH 3a-
BHUCHUT OT KUHEMAaTHYECKOU BS3KOCTH MO-
JIOKa ¥ OT ero Temreparypsl. s mydie-
TO BOCTIPUSTHS aHATUTHYECKON MOEIH
BBEJIEM CJIeTyIOIre 0003HAYCHHUS:

U'(T;zx _T;)) = Apl;
(a.T).F;c :Bpl

VYuureiBast 3T0:

Qk:FR.BpI.VOT. _7[,1‘

ITocne packppITHsl CKOOOK:

0, = F 'Bpl Vor — Fr ’Apl Voo ()
B mnomy4ueHHOM BBIpask€HUHM OOIIMN
MHOXKHTEIb BBIHECEM 38 CKOOKH:

(08 :VoT’FR'(Bpl_Ap1)~ 3)

[lonmyuennast QopMmyna mpuMEeHHMA
JUISL ONPE/ICICHUS] BEJIMYMHBI TEIUIOBON
9HEPTuH, KOTOopasi MEepeaaeTcsi B KaKoii-
nn00 W3 CEeKIMH YCTaHOBKH Harpesa-
emoMy o0bekTy. M3 popmyssl BUIHO, 4TO
KOJIMYECTBO MepeIaBaeMOi TETIIOTHI TIPO-
MMOPIIMOHATBFHO KO3(PPUIIMEHTY OTBOMIA
TEIUIOThI, OTHOCHUTEIILHOH CKOPOCTH TIe-
peMelIeHUs] TEIUIOHOCUTENSI U TOTpeOH-
TeJIsl TeIjla B CeKIHH, a TaKXKe Pa3HOCTH
TEMIIEPaTyp OKPYKAIOIIETO BO3/IyXa U Te-
TUTOHOCHTEISL.

YuuThIBasi TONYYEHHOE PaBEHCTBO,
HalJleM BBIPOKEHHE JUIS OMpPEACTICHUS

210

TUIOIA/IN TEIHOKOJUIEKTOPOB KOMILJIEKC-
HOW  DHEprozaMellaiomell  yCTaHOBKU
B 3aBHCHMOCTH OT OCHOBHBIX PEXKHMHO-
KOHCTPYKTUBHBIX IIapaMETPOB IpoLecca.

JJist 3TOTO BOCIOIB3yeMCsl YPaBHECHH-
€M TeruIonepeadn, KOTopoe 00beHSICT
KOJIMYECTBO TEIJIOTHI, HEOOXOAUMOE ISt
Harpesa MpoAyKTa OT HayaJbHOH A0 KO-
HEYHOH TeMIIepaTyphbl, IPH KOTOPOH OCy-
LIECTBIIAETCS TEIUIOBOU IIpoliece (Harpu-
Mep, acTepH3alus), a TAKKe KOJTHIECTBO
TEIUIOTBI, KOTOPOE CIOCOOHAa COOOUIMTH
MOBEPXHOCTh TEIUIONEPEaayn C KOHKPET-
HBIMHU XapaKTEPHUCTUKAMH.

F, -k,-At=E-G-c-(t,-t,), 4
rae F, — o0uas miomai» Harpesa Cex-
1Y, M ; E— Koaq)(bHuHeHT pereHeparu,
OTpa)I(aI-OI_LII/II/I CTereHb O0TOOpa TeIula,
HalpapJsIeMOT0 Ha IOBTOPHOE HCIOJNb-
30BaHUE; ¢ — TEIUIOEMKOCTh IPOIYKTa,
Jx/kr-K; ¢, — BenmuumHa TeMIiepaTypsl ma-
crepuszauuy, °C; ¢, — HadaIbHas TemIrepa-
Typa npoaykra, ° C.

®daxrrueckn nanHas Gpopmyna (4) mo-
KET CIIyKUTb Ul PELICHus psana 3anad
OTHOCHTEIIFHO BCEX KaK PEKUMHBIX, TaK
Y KOHCTPYKTHBHBIX TapaMeTpOB Harpena
B TemuooOMeHHuKe. Haiinem wacTHBIN
Cilydail onpezeneHus Iomaal KOHTaKTa
C MOBEPXHOCThIO HAarpesa F:

E-G-c-(t -t
R AUAUM Ul ) B
k,-Af-t
rne G — Macca mpojyKra, Kr; k, — Koa¢-

(GULMEeHT Teronepeaayu; Af — paSHOCTB

TEMIIEpaTyp TEIUIOHOCUTEISI M TPOIYK-
°C; t — BpeMs KOHTAaKTa NPOJYKTa

C TTIOBEPXHOCTHIO TEIIIOOOMEHA.
IIpupasusiem Beipakerus (3) u (4):

Vor - Fy - (B

pl

—A,,l)'U

w=F, -k, At-7,(6)
rae UTp — TMPUBENEHHBIH KOIPPUIIHESHT
TEIUIOBBIX IOTEPh IPU TPAHCIOPTHPOBKE
TEIUIOHOCHUTEJISI OT I'€JIMOYCTAaHOBKH K Te-
TUI0OOMEHHUKY.
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OmnbiT padotsl Moayas KOV B mpa-
KTHUECKUX YCJIOBHAX Iexa 10 Iepepa-
0oTke MoyoKa AKageMun OHOpecypcoB
u mpupomomnons3oBanus DPIAOY BO
«K®Y um. B. . Bepnaackoro» mnoka3zain
BBICOKYIO CTETCHb 3aBHCUMOCTH TEILIO-
BBIX MOTEPb OT MaTrepuaia U3rOTOBICHUS
U COCTOSIHUS TEIJIOM3O0JSIMU TPyOompo-
BOJIa MOAAYN TEIIOHOCUTETISL.

YuuThIBasi BBIpAKEHHE AJISL ONpere-
JICHUsI TUIOUIAM IMOBEPXHOCTH HAarpema,
nojiyueHHoe panee (5), mpeodpa3yeM BbI-
paxenue (6):

Vor - Fr (B, - 4,)- U

or ™
_E-G-c-(t,-1,)
C k,-Afet

VRIS

(7

VYuuteiBas o0liee ypaBHEHHE Te-
wionepenadn (4), nmpeodpazyeM MpaByro
9acTh hopMyisl (7):

Vor  Fo (B —A4,)- Uy =E-G-c-(t,-1,).

W3 momy4eHHOro paBeHCTBA BBIPa-
3uM B,

_E-G-c-(t,-1,)
- VOT'FR'UTp

B

pl

+ A

pl*

HpI/IHI/IMaSI BO BHHUMAaHHUEC BBCICHHOC
panee oGosnauenue B, =(a 1 )F,, permmm
yPaBHEHHE OTHOCUTEJIBHO ILIOIIAMH Te-
JTHOKOJIIEKTOPOB:

E-G-c-(t,-t,) A,
= 2
a-t

F, ®)

v FeU,-at

ITonyyeHHOE BbIpakKeHHE MO3BOJSET
CHEIaTh CIEAYIOIHUE BBIBOIBI:

— C IOBBIIICHUEM BEIMYUHBI [, CHU-
JKAETCsl 3HAYEHHUE IIEPBOIO CJIAraeéMoro
ypaBHeHus (8), ClIeA0BaTEIbHO YMEHbIIA-
eTCs BelIn4YnHa F;

— C yBEJIMUYEHHEM IIOKa3aTels IOIo-
IAIOIIEH CIIOCOOHOCTH IeTMOKOIIEKTOPA
a + T CHIXKaeTcs HeoOXouMasl CyMMapHast
IUIOLIA/b TeINOKOUIEKTOPOB [;
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— yMEHBILIECHHE BEIUYUHBI F, BEIET
K HEOOXOAMMOCTH TMOBBILICHUS F,.

O0cy:x1eHue U 3aKJI04YeHne

[IpoBeneHHbIe MCCIEOBAHHS TO3BO-
JWIM  TIONYYUTh TpadHUecKyr0 MOJENb
3aBUCHUMOCTH  TEeMIIepaTypbl  Harpesa
B IJTACTUHYATOM YCTAaHOBKE OT pacxojia Te-
TUIOHOCHUTENS P, U TUIOIIA1 MTOBEPXHOCTH
TeriooOMeHa £, B IMana3oHe TeMIIEpaTyp
TETUTOBOI 00paObOTKH MoJioka. /laHHbIC 3a-
KOHOMEPHOCTH  TIO3BOJISIIOT ~ OTIPEAEIUTH
yKa3aHHbIC IapaMeTpbl TEIIO0OMEHHON
YCTaHOBKH Il KOHKPETHOTO TpeOyeMoro
3Ha4YEHMSI TEMIIepaTypbl OOPadOTKH B TEX-
HOJIOTHH TIPOW3BOJICTBA 3aJIAHHOTO MOJIOU-
HOro mponykTa. [[pakTrdeckas 3Ha9MMOCTb
YKa3aHHOW MOJIETIH 3aKJIFOYAETCs B TOM, UTO
TMOSIBIISIETCS] BO3MOXKHOCTH KOHKPETH3HPO-
BaTh 3HAYCHHs MApaMETPOB B CPaBHCHHU
C LIMPOKHM [JHANa3oHOM 3HAYECHHH, HC-
TIOJTE30BABIIIMXCS PaHee, YTO B KOHEUHOM
WTOTE ONTUMU3MPYET SHEPreTHUEecKHe 3a-
TpaThl Ha TEIIOBYIO 00pabOTKY.

B pe3ynbrare npoBe€HHbIX aHATUTH-
YEeCKHUX HCCIICIOBAHUI MOTy4YeHa MOJCIb
JUTS OTIpeeNICHHS TUTOIIAAN TeTHOKOIIICK-
TOPOB KOMIUTIEKCHOM YHEPro3aMeInaroniei
YCTaHOBKH, paboTaroiieii B cuctemMe Tiia-
CTHHYAaTOIoO TGHJIOO6M€HHI/IKEI TEIIOBOM
00paboTku monoka. [lomydennas Gopmy-
Jla yYUTHIBACT 3aBUCHMOCTH yKa3aHHOTO
napamerpa OT TEMIEepaTypHOro pexuma
HarpeBsa, IJIOIaId TOBEPXHOCTH HAarpeBa
B TETUIOOOMEHHHUKE, MacChl 00pabaThiBa-
€MOro MOJIOKa B €IMHHIlY BpeMeHH. Ta-
KAM 00pa3oM, MOJy4YEHHBIC Pe3yJIbTaThl
MO3BOJISIIOT MIPOU3BOAMTE pacdyeT HeoO-
XOJIUMBIX PEKHUMHBIX U KOHCTPYKTHBHBIX
MapaMeTpoB TEIJIO0OMEHHOW YCTaHOBKH,
BKJTIOYAIOIIENH YCTPOUCTBO JJI UCTIOIB30-
BaHUS COJTHEUHOU OHEPruvu, MUHUMU3U-
pOoBaTh 3aTpaThl IEKTPUUECKON SJHEPTUH.

JanbHetinias pabota B 3TOM HaIpas-
JICHUW TIO3BOJIMUT PACIIUPUTH AMANa30H
MPUMEHEHUS] BO30OHOBIISIEMBIX NCTOYHU-
KOB DHEPTHH B TEXHOJIOTUSIX NIepepadOTKH
MOJIOKa, CJIeNaTh MPOIECC MEHEe IHEPro-
3aTpaTHBIM, a TaKXKe CHU3UTh ce0ecTou-
MOCTb MPOU3BOJUMOM MPOILYKIIHH.
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Introduction. Sesame crop is one of the most important export crops in many countries
around the world, especially in Africa. To meet the agricultural requirement of precision
planting, various types of precision seed planters have been developed. Numerous studies
were carried out to study the optimisation of the parameters of the precision planting. One
of these parameters, affecting the quality of the precision seeder, is the grain outflow from
the seed metering device.

Materials and Methods. In order to maintain good continuous performance of an oscil-
lating seeder, it is important to monitor seed flow in real-time and adjust oscillation para-
meters automatically. Existing research methods, such as prototyping and monitoring the
process using a high-speed camera, by reason of the random movement of particles, do
not allow obtaining sufficient data to understand trajectories and velocities of particles and
existing equations for particle motion when simulating the sowing process do not allow
taking into account the interaction of particles that having various shapes, rolling and slid-
ing friction coefficients, and the elastic modulus of particle materials and a working body.
In this study, the outflow rate of sesame seeds in an oscillating seed metering device was
modeled using the simulation method based on the discrete element method. The aim of
this study is to create a simulation model of an oscillating-type sowing planter using the
sowing sesame seeds as an example for evaluating the effectiveness of this model, and the
possibility of further optimization and prediction of sowing seeds with this device.
Results. The analysis of the results showed that during the simulation, the sowing rate of
sesame seeds when leaving the oscillating seed metering holes has significant differences
in number and direction. The results of the modeling process in this study showed that
when opening a hole in the oscillating seeder, a number of sesame seeds from 0 to 4 were
coming out of it. The resulting model allows monitoring the behavior of each particle of
a sesame seed, analyzing its trajectory, speed, and forces acting on it at any one time, and
varying the parameters to obtain the dependence of uneven seeding on the kinematic and
geometric parameters of the device.

Discussion and Conclusion. The obtained simulation results provide an effective method
for predicting the consumption of sesame seeds from the oscillating seed meter, which
serves as the basis for optimizing the kinematic and geometric parameters of the oscillat-
ing sowing device in order to increase its efficiency. This model is universal and can be
adapted to sow other crops.

Keywords: discrete element method, sesame seeds, oscillating seed metering, precision
seeder, seeds motion
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MoaeanpoBanune HCTEYEHHUS CEMSIH KYHXKYTa MPH
K0J1e0aTeJIbHOM I03UPOBAHUM CEMSIH YCTPOMCTBOM

¢ ucnojanzopanuemM DEM

H. H. lapa6u’”", A. A. Jlopoumienko’, A. B. ByroBuenko’
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Bseodenue. KyrkyTHasi KyJabTypa SBISCTCS OJHON M3 CAMBIX BaJKHBIX AKCIIOPTHBIX KYJIBTYD
BO MHOTHX CTpaHax MHpa, 0ocobeHHO B Adpuke. UTOOB! yIOBIETBOPUTH CEIIBCKOXO35Ii-
CTBEHHbIC TPEeOOBaHHUs TOYHOTO BbICEBA, ObUIM Pa3pabOTaHbl PA3IHYHBIC THIIBI CESIIOK.
[TpoBeneHb! YHCIICHHBIE NCCIIEA0BAHMS 110 M3yYSHHUIO ONTHMHU3ALUH apaMeTPOB MPELH-
3MOHHOTO BbiceBa. OJIHUM U3 TaKHX [1apaMETPOB, BIMSIOLINX HAa KA4ECTBO PabOThI IPELH-
3MOHHOM CESJIKH, SIBJIACTCS HCTEUCHHUE 3€PHA U3 JI03aTOpa CEMSIH.

Mamepuansl u memoost. UToObl NMOANEPKUBATH XOPOLINE HENPEPBIBHBIC pabovne Xa-
PAKTEPUCTHKH B KOJCOIIOIIEHCS CEslIKe, BaKHO CICAUTH 33 PACXOIOM CEMSH B PEXKHME
pEaILHOTO BPEMEHHM M aBTOMATHYECKH PErylMpoBarh KojeOareibHbie mapamerpbl. Cy-
IIECTBYIOIINE METO/Ibl HCCIICIOBAHMUS, TAKHE KaK CO3/laHie NPOTOTUIIA M HAOIIOCHHE 32
HPOLIECCOM C HCTIOIB30BAHUEM CKOPOCTHOM ChEeMKH, H3-32 Xa0TUYHOT'O JIBHIKCHHUS YACTHUIL
HE I03BOJISIIOT IOJYYUTh JOCTATOYHOE KOJIMYECTBO JAHHBIX JUIS IIOHUMAHMS TPACKTO-
PHMH U CKOPOCTH HEPEMEIICHHs YacTUll (CYIIECTBYIOIME YPABHCHUS JBIKCHHS YacTHIL
IPU MOJIEIMPOBAHKUH ITPOLIECCa BBICEBA HE MO3BOJIAIOT YUYECTh B3aUMOJCHCTBUE YaCTHIL,
MMEIOIINX Pa3Nu4HbIe (OPMBI), KOI(DGUIUEHTH TPEHUS KaUCHHS U CKOIBKCHUS, MOTYIIH
YIPYTrOCTH MaTepUalioB YacTHUIl U paboyero oprana. B 3ToM mcciie[oBaHUH OTOK CEMSH
KYH)KyTa B KOJEONIOLIEHCs CessIke TOYHOTO BbICEBa OBUT BOCCO3/IaH C MCIIOIB30BAHUEM
METO/1a UMUTALOHHOTO MOJICIIMPOBAHHsI METO/IA IUCKPETHBIX 21eMeHTOB. Llernbio nccie-
JIOBaHMS SBJISUIOCH CO3/IaHNE MMHUTALMOHHON MOJICIN BBICEBAIOLIECTO alnapara BUOparu-
OHHOTO THUIIa Ha IPHMeEpe BBICEBA CEMsTH KYH)KyTa U HOCJIEIYIOIeH OlleHKH () (EeKTHBHO-
CTH €ro MOZEJIH, & TAK)KE BO3MOYKHOCTH JIaJIbHEHIIICH ONTUMU3ALUN 1 IPOTHO3UPOBAHHS
BBICEBA CEMSIH 3THM aIlliapaTom.

Pesyrbmamor uccnedosanus. AHaIu3 pe3ysbTaToB MOKA3all, 4TO BO BPEMsi MOJIEINPOBaA-
HHSI CKOPOCTh BBICEBA CEMSIH KYH)XKYTa IIPH BBIXOJIC M3 OTBEPCTHSI UMEET CYIIECTBEHHBIC
pa3Inyms MO BEJMYMHE U HAlpaBjeHUI0. [I[pUBECHHBIC B CTAaThE PE3YJIbTAThI IIOKA3bIBA-
IOT, YTO IIPU OTKPBITHH OTBEPCTHUS B BHICEBAIOLIEM alllapare U3 Hero BEIXOAUT OT HYJIS 110
4eThIpex ceMsH. [ToaydeHHast MOZIeIb TO3BOJISCT IPOBOUTH HAOIIONCHHS 32 IIOBEICHUEM
KQ)KI0H YaCTHIIBI CEMEHH KYH)KYTa, IIPOBOJIUTH aHAJIM3 €€ TPACKTOPHH, CKOPOCTH JIBHIKE-
HHS U CWJI, ICHCTBYIONIMX HAa HEe B JII0OOH MOMEHT BPEMEHH, a TaKKe IPH BapbHPOBa-
HHH [1apaMETPOB I0JIy4aTh 3aBUCHMOCTH HEPAaBHOMEPHOCTH BBICEBA OT KWHEMATHYECKUX
Y FEOMETPUYCCKUX NapaMeTpOB paboThl yCTPOHUCTRA.

Oobcyorcoenue u saxniouenue. I1onydeHHbIC PE3yabTaThl MMUTALMOHHOTO MOJCIUPOBAHUS
obecmeunBaroT 3G PEeKTUBHBII METO POTHO3UPOBAHHS PACXOAA CEMSH KyHXKYyTa B KOJIe-
OJIIoIIeMCsI J103aTOPE CEMSH, YTO CIIY)KUT OCHOBOMW JUIsl ONTHUMHU3ALUH KHHEMAaTHYEeCKUX
U TEOMETPUYECKUX MapaMeTpoB paboThl BUOPALIMOHHOTO BBICEBAIOLIETO allfapara ¢ Iie-
JIBIO MOBBINIEHUS (P PEKTUBHOCTH ero paboThl. JlaHHast MOJIeIIb SIBIISIETCS] YHUBEPCAIBLHON
U MOXKET OBITh aJIalTHPOBAHA K BBICEBY JPYTHX CEIILCKOXO3SIICTBEHHBIX KYIJIBTYP.

Knroueewie cnosa: meton JUCKPETHBIX 3JICMEHTOB, CEMCHA KYHIKYTa, KoJIeOaTeIbHBIN J0-
3aTOp CEMSAH, NPELUMU3UOHHAsA CEsJIKa, ABUKECHUE CEMAH

Jnsa yumuposanus: Ulapadu, H. H. MonenupoBaHue UCTEYEHHS CEMsIH KyH)XYTa [PH KO-
n1e0aTeIbHOM JI03UPOBAHHUY CEMSIH yCTpoicTBOM ¢ ucnonb3oBannem DEM / H. H. [llapa6wu,
A. A. lopowenko, A. B. byrosuenko. — DOI 10.15507/2658-4123.030.202002.219-231 //
Muxenepuslie Texnonoruu u cuctemsl. — 2020. — T. 30, Ne 2. — C. 219-231.
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Introduction

Sesame crop is one of the oldest oil-
producing crops around the world which
has a high ability to adapt to tropical and
semi-tropical regions. Sesame seeds are
widely involved in making healthy foods,
which is increasingly in demand signifi-
cantly nowadays, moreover, they have
positive effects on human health because
of their content of nutrients, antioxidants,
minerals, and vitamins. The annual global
consumption of oils and edible fats are
about 120 million (MT) [1]. Sesame seeds
are a rich source of protein such as soy-
beans, which makes them a high nutrition-
al and healthy value'.

There is a major difference for pro-
duction both sesame seeds and sesame
oil from one region to another around the
world, however, despite the rise of sesame
production in Asia and Africa compared
to Europe as showed in Table 12. The low
cultivated area and production of the ses-
ame seeds in numerous countries are due
to some fundamental factor such as usu-
ally grown in less fertile soils, low labor
and lack of nutrient management properly.
Furthermore, using the traditional meth-
ods of sowing sesame seeds such as hand
planting, and limited use of mechanically
planting such as row planter is one of the
major causes for low yields.

Sesame seeds are sown or planted
manually via hand or mechanically using
different methods such as hand-operated
seeder or tractor — operated seed drills as
well as a precision planter. While precision
sowing for sesame seeds is the best method
between different sowing techniques com-
pared with other methods, as it is used for
accurately place single seeds or groups of
seed almost equidistant apart along a fur-
row, however, using precision planting for
sowing sesame seeds is still limited com-
pared to other crops like cereals [2].

Literature Review

The planting distance for sesame var-
ies according to the seed varieties, for
example, the recommended planting dis-
tance for sesame in is 10-20 cm between
plants in the same row and 40—-60 cm be-
tween rows according to sesame varieties.
Generally, planters may contain a central
hopper for whole rows or individual hop-
per for each row, which contain the seeds
and transported them downwards to the
seed metering device, and then the seeds
fall into the seed delivery tube that con-
veys the seeds into the seedbed. The seed
metering device aims to keep the seed
spacing uniformity along the row and
between rows or is restricted to transfer
seeds from the seed hopper and deposit
it into the seed delivery tube, therefore,

Tablel

The production output of sesame seed and oil around the world

Region Sesame seed (million tons) | Sesame oil (million tons) Total production (tons)
Asia 2.1800 0.809 2.9890
Africa 0.8090 1.337 2.1460
America 0.1760 0.023 0.1990
Australia 0 0.002 0.0020
Europe 0.0014 0.031 0.0324

Source: FAO 2012

! Onyibe J.E., Tologbonshe E.B., Ubi E.O. Beniseed Production and Utilisation in Nigeria. Extension
Bulletin No. 154. Zaria: Ahmadu Bello University. 25 p.
2 Food and Agriculture Organization (FAO). Available at: http://www.fao.org/faostat/en/#data/QC

(accessed 26.03.2020). (In Eng.)
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its performance affects the uniformity of
seed distribution directly. The cultivation
of sesame seeds using the row planter
helps to maintain equal planting spacing
within and between rows to enhance pro-
duction and give high yield. There is no
widespread use of sesame seeds planter in
many countries around the world, where
there are few and limited in the form of
partnerships programs between interna-
tional and local organizations in some
countries that producing sesame seeds
as is the case in Ethiopia for developing
prototypes and local made row sesame
seeds planter for small-scale farmers (The
programme on Integrated Seed Sector De-
velopment — ISSD)?. While for large-scale
farmers, as in one of the sesame cultiva-
tion programs in northwest Ethiopia sup-
ported by the Sesame Business Network
(SBN) in collaboration with some Ethio-
pian agricultural institutions®.

Based on the research studies con-
ducted on the sesame crop, it is necessary
to overcome the challenges that stand in
the way of increasing the sesame yield
and quality, which is a major export crop
in many countries. In addition to the inter-
est in the utilization and development of
sowing or planting sesame seeds technol-
ogies on the rows while keeping the equal
distances between the seeds along the row
and between the rows using a precision
seed planter, which saves time, costs, re-
duce the seeds used in agriculture as well as
improving the sesame production. Sesame
seeds have an irregular shape, thus exist-
ing mechanical metering devices cannot
meet its precision seeding, and damaged
seeds are a critical problem. Therefore,
pneumatic metering technology has been
widely developed for precision seeding
because its high accuracy and maintaining
the integrity of the seeds from damage at

great operating speeds, but it needs high
power requirements [3; 4]. The objective
of this paper is to simulate the process of
sesame seeds being fed into oscillating
seed metering model for precision seed
distribution, which is considered as a low-
cost planting seeder with minimum power
requirement for operation. Then, accord-
ing to the monitoring results, the unit will
be developed to achieve the uniformity of
seed distribution for sesame seeds.

Precision seed metering unit

Seed metering device is used for
transfer seeds from the seed box and de-
posit it into the delivery system that con-
veys the seeds into the seedbed. The aim
of seed planting using precision planter is
to achieve precise seed distribution within
the row. The achievement of the set seed
spacing majorly depends on the machine
technical variables such as the type of
seed meters, the planter forward speed,
overall gear ratio between drive wheel and
seed rotor, seed meter drive and to some
extent on seed quality [S]. The good de-
sign of a seed metering unit is necessary
for satisfactory performance of any preci-
sion planter. The assessment of distance
between plants and seed rate as provided
by the planters is also important in analyz-
ing its performance. Therefore, seed me-
ter is the most important part on planter
and its performance affects the uniformity
of seed distribution directly [6]. There are
two kind of seed metering technology:
pneumatic metering technology and me-
chanical metering technology.

Analysis of the monitoring seeds rate
method

The rate of seeds outflow that come
out from seed metering unit can be deter-
mined experimentally. One of the methods
is to observe and measuring seeds popu-
lation uniformity in the real-time using

3 Walsh S., Thijssen M.H. Programme on Integrated Seed Sector Development in Ethiopia. 2015 An-
nual report. Wageningen UR: Centre for Development Innovation; 2016. 48 p. Available at: https://edepot.

wur.nl/395911 (accessed 26.03.2020). (In Eng.)

* Sesame Business Network Newsletter. April 2015. Issue 6. 8 p. Available at: https://agriprofo-
cus.com/upload/post/Issue_6, April 2015 English1443299081.pdf (accessed 26.03.2020). (In Eng.)
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different types of seeds sensor (Optoelec-
tronic sensors, Radio waves sensors) are
widely used because of their low cost and
high accuracy. Optoelectronic sensors can
be installed in different positions along
the seed tube; input, middle or output of
the seed tube, and widely used because
of their low cost and high accuracy. The
sensor detects each grain and sends it to
the seed controller display®. Optical sen-
sors utilize light beams so they have some
big problems as; count seeds and dust in
field during planting because they can’t
tell the difference between dust and seed,
doubles look like singles, the problem
of dust coating the sensor eyes and fail-
ing all together. To solve these problems,
high-frequency radio waves sensor is used
which developed by Precision Planting
Inc. to monitor seed mass instead of seed
shape to avoid the influence and inter-
ference of dust during planting process®.
Radio wave sensor uses high-frequency
waves to look at dropping seeds from dif-
ferent angle. This gives the sensor to dis-
tinguish a single seed from a double, dust
or from any other material because they
all register a different mass. Therefore, in
recent years, numerous authors have used
the Discrete Element Method (DEM) to
simulate the motion of grain materials and
analyze flow rate of many different types
of seeds from the seed metering unit.
Where the application of numerical simu-
lations provides a feasible alternative to
physical experiments and plays an impor-
tant role in various industrial applications.
The Discrete Element Method was recog-
nized to be a numerical tool for simulating
grain material after the publication of the
Cundall and Strack [7].

Materials and Methods

Oscillating seed metering unit

Oscillating seed metering device has
numerous benefits and far ranging com-

pared to mechanical metering technol-
ogy and pneumatic metering technology,
and as a result, it simplifies maintenance
as there are no longer drive chains, no
driven by ground wheel, no drive shafts,
no clutches and sprockets system as in
mechanical seed metering devices. In
addition, high accuracy planting cannot
be occurred for traditional seed meter-
ing precision planters due to the sliding
of ground wheel and chain vibration, es-
pecially at high forward speeds. In addi-
tion, it does not contain a pneumatic sys-
tem which consists of a fan installation
for solid fertiliser and a vacuum system
with fan for single grain metering as in
pneumatic seed metering devices, Hence
the power requirement is less.

The structure of the oscillating seed
metering system was shown in Figure 1.
In the design of the oscillating seed me-
tering device, the input of seeds is made
passively, by filling from the hopper and
deposit into the oscillating seed metering
system that transmit the seeds by an oscil-
lating movement to the soil through seed
tubes after they left the holes. It is simple
in design as it didn’t need to require addi-
tional power consumption and hasn’t im-
pact on the damage of grain material. The
necessary condition for improving the
continuous working performance of an
oscillating seeder is that the seeds should
be uniformly discharged during falling
into the seed delivery tube to the soil sur-
face because this can maintain equal spac-
ing between the seeds along the furrow.

Results

The flow rate of sesame seeds from
seed metering device can be predicted us-
ing DEM, which includes a set of physi-
cal, mathematical and numerical methods
designated to calculate outflow processes
characteristics. To obtain the most realis-
tic calculation, software systems enable to

3 Horsh. Planting and Seeding. Available at: https://www.horsch.com/us/products/planting-and-seed-

ing (accessed 26.03.2020). (In Eng.)

¢ WaveVision. Available at: https://www.precisionplanting.com/products/product/wavevision (ac-

cessed 26.03.2020). (In Eng.)
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=
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Fig. 1. The general view of the oscillating seed metering unit:
1 — hole; 2 — oscillating seed meter; 3 — hopper

simulate heterogeneous bulk medium hav-
ing properties as close as possible to the
original. EDEM Simulation was chosen as
a software package for further calculations.

DEM simulations

DEM is a discontinuous numerical
method for analyzing the dynamic behav-
ior of the granular materials at particle
interaction level and its use is becoming
more popular [8]. In the DEM, Newton’s
second law of motion and Euler’s dynam-
ics equation are usually used to describe
the translational and rotational move-
ments of each material and particulate as-
semblies and uses a contact law to resolve
contact forces. The overall system behav-
iour is determined as a result of individual
material interactions [9; 10]. It has been
successfully applied to the process simu-
lation in agriculture [11-14] as well as
DEM has been used in several analyses
to study particle dispersion mechanisms
in many agricultural machines as in seed
feeding device [15-18]. Although there
have been many studies of seed-metering
devices, most previous studies have not
addressed the seed motion in an oscillat-
ing seed metering device. In order to rep-
resent the various shapes of agricultural

224

seeds, a multi-sphere approach method
was adopted to describe complex material
geometries, as the most commonly used
technique to describe complex material
geometries uses multi-spherical particles,
in which a certain number of spheres were
“glued” together [19-21], or using opti-
mized spherical harmonics for describing
non — spherical particle shapes whether
regular or irregular shapes [22].

Particle model

The commercial three-dimensional
DEM software (EDEM, Edinburgh, UK)
was used in simulations. Three-dimen-
sional models of oscillating seed metering
device are imported into EDEM, the shape
of the oscillating part model was rectan-
gular with dimensions 57 mm x 22 mm
according to the structure of the oscillat-
ing seed metering and made of stainless
steel. In this study, the particle of sesame
seeds is taken as the object of research,
so sesame seeds motion in an oscillating
seed metering unit is simulated under os-
cillation motion with displacement mag-
nitude is 17.5 degrees.

Due to the difference of agricultural
materials such as grain and seeds in their
form and so they have a very wide range

Hpoueccw U MAawuHbl ACPOUHICEHEPHBIX CUCmEM
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of forms like spherical, ellipsoidal, and
diamond with round or sharp-edged. Con-
sequently, the size of the products ranges
from below a millimeter to tens of cen-
timeters. The simplified measurement of
the three dimensions of the shape: length,
width, and thickness, which is frequently
used is not enough to accurately describe
complex shapes [23]. Therefore, the com-
plex shapes of particles are often used for
DEM modelling process by clusters of
rigidly joined overlapping spheres known
as the multi-sphere method. The contact
of multi-sphere particles is described via
the contacts between their sub-spheres.
Accuracy of the description of mechani-
cal behavior is influenced by the number
of particles combined into a cluster [24].
The major advantage of using spheres is
the lower computation time in compari-
son with the real structures. As well as, the
non-spherical particles demand more ad-
vanced algorithms and are more difficult
to model [25]. But the main disadvantage
of using spheres is that the flow patterns of
the real particle shape cannot be described.
Therefore, according to the physical prop-
erties of sesame seeds, a triaxial ellipsoidal
particle model was established using mul-
tiple spheres. To generate an ellipsoidal
structure from the spheres, several spheres

00003, -1.55786, 0.500129)

609973, -1.55786, -0.49991)

must be symmetrically connected in a row.
However, with an increasing number of
particles, the elliptical shape increases, the
mechanical time step of a discrete simu-
lation decreases, and the computational
time increases. Therefore, to replicate an
ellipsoidal sesame seeds and to save com-
putational time, several arrangements and
numbers of spheres were checked in the
particle flow simulations to find the opti-
mal number of spheres for sesame seeds,
which were 12 spheres. To describe the
real particle behavior in our numerical
model, clumps of 12 joint spheres were
formed together. Its semi-axes were 3.3,
2 and 1mm as illustrated in Figure 2. The
material properties and interaction proper-
ties are the most two substantial categories
of material parameters for DEM model-
ling. Therefor the mechanical properties
of the materials (Poisson’s ratio, shear
modulus, and density) and particle con-
tact parameters (Coefficient of restitution,
static friction and rolling friction) used in
EDEM simulations are respectively listed
in Tables 2 and 3.

EDEM simulation condition

Figure 3 illustrates the component
parts used in the simulation, referred to as
the oscillating element, a hopper for feed-
ing sesame seeds to the unit, and holes for

-1.00003, 1.74214, 0.500129)

Fig. 2. Snapshot of a three-dimensional model for sesame seeds
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Table2
Mechanical properties of the materials used in the EDEM simulation
Material properties Sesame seeds Steel
Poisson’s ratio 0.05 0.303
Shear modulus (Pa) 1-107 7.93-10'°
Density, kg/m? 850 7 800
Table3

Interaction parameters used in the EDEM simulation

Contact parameters Sesame seeds / Sesame seeds Sesame seeds / Steel
Coefficient of restitution 0.20 0.28
Coefficient of static friction 0.35 0.52
Coefficient of rolling friction 0.10 0.15

output the seeds to soil surface. At the be-
ginning of the calculation, sesame seeds
were generated, after filling from the hop-
per, sesame seeds moving under the ef-
fect of oscillation motion by oscillating
element. To study the characteristics of
the outflow of sesame seeds with time
during the simulation, a boundary area
with 15 x 44,48 x 46.44 mm was taken in
the direction of X, Y, and Z axes respec-

tively for simulation, so that the model-
ling zone is surrounded by walls from all
its faces except in the upper boundary.
The angle of displacement magnitude
for oscillating seed metering is equal to
17.5 degrees up and down. The method
of coloured particles was used for con-
tinuous discharge during simulation to
detect the different sesame seeds veloci-
ties as shown in Figure 3. These parame-

Time: 1.31 s
Velociy, mfs 3
s, ; _ 242214‘5'%%4?9 22.44, 22.44)
P (-8, 22.44, 22.
4488 mm
0.8 (-24, -22.44, 22.449)

0,6
0,4

0,2

Lot o4 20
""ﬁi‘f’lﬂl_ (—g,-/zz.zm, -24)

‘EDEM”

Fig. 3. Snapshot of simulation condition in EDEM
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ters correspond to the mode of oscillating
seed metering unit operation, where its
scheme was presented above.

To determine the outflow rate of an
equivalent spherical particle having the
same volume as the sesame seeds. The
sesame seeds were drop and free fall from
the hopper under the influence of gravity
moves freely into the oscillating seed me-
tering after that the seeds move under os-
cillation motion with displacement mag-
nitude is 17.5 degrees via an oscillating
element with frequency 16 Hz during the
modelling process. In addition to parame-
ters that describe the constitutive material
of the particles, the simulation time step
and number of particles are necessary for
the simulation setup. The simulation of
the continuous sesame outflow was done
using a periodic boundary condition of
the geometry. Figure 4 shows the simula-
tion results of continuous sesame seeds
discharge in the oscillating seed metering
model using DEM simulations. The aver-
age flow rate of sesame seeds was about
33 seeds at time 1.43 s with a time step
around 0.08 s.

Discussion and Conclusion

It can be seen that from DEM simu-
lations at the beginning of the modelling
process, there are no sesame seeds were
coming out of the holes into seed tube for
3 steps and then there was regular out-
flow of sesame seeds with from oscillat-
ing seed metering device at the rate of one
seed in the most time but there was also
the exit of more than one seed together
and sometimes did not come out any seeds,
as a result of the seeds moving in different
directions after colliding with the oscillat-
ing element and not just in the vertical di-
rection as presented in Figure 5. The results
obtained illustrate the inconsistency of ses-
ame seeds discharge during the modeling

Processes and machines of agroengineering systems

process because the obtained values for the
seeds outflow from the device. Which this
results in sometimes not coming out any of
the sesame seeds from the device or com-
ing out for more than one seed together
from the holes at the same time to the soil
surface. This observation could be due to
the random movement of sesame seeds in
several directions after moving by oscillat-
ing element used in the model in oscillating
seed metering device during the simulation
and before dropping into the seed tube.

DEM simulation results for sesame
seeds outflow in oscillating seed meter-
ing device have shown that the paper thus
provides an effective method for predic-
tion the sesame seed outflow as well as
the EDM model has been used to better
understand seed movement mechanism
in an oscillating seed metering unit. This
is necessary and important for automati-
cally adjusting the oscillation parameters
to enhance the uniform discharge of seeds
in seed metering device to solve the prob-
lem of determining the grain outflow rate
in the design of grain planting machines,
and to improve the continuous working
performance of an oscillating seeder for
precision planting.

Further studies by the authors will
look to improve the DEM model by de-
veloping the design of the oscillating ele-
ment and including more input parameters
in modelling process in order to control
the seed flow rate individually and control
the direction of movement of seeds after
the collision by oscillating element to give
uniformity in seed outflow from oscillat-
ing seed metering unit. In addition, cre-
ating a mathematical and computational
model to simulate the sesame seeds by
combining of the obtained particle flow
model with adding some improvements in
the design of the oscillating element.
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Time: 1.98 s
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Fig. 5. Asnapshot of velocity and direction of particles motion during the simulation using EDEM
in oscillating seed metering unit
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TexHoJ1I0rUs MOHUTOPHUHIa X1 YIIPABJICHUS
BO3AYIITHBIMHU MMOTOKAMMW BHYTPH METAJNJIUIECKOTO
CHJI0CAa IPHU XPAaHEHUH 3€PHA

A. C. PazBopotnes, 0. /I. laBpuyeHkoB”

DI'BHY «Bcepoccuiickutl HayuHo-ucciedo8amenbCKutl
UHCMUMYM 3epHa U NPOOYKMO8 e20 nepepadomKuy

(2. Mockea, Poccus)

‘gavrud@bk.ru

Bseoenue. CoxpaHeHne ypoxasi 36pHOBBIX B METAJUIMUECKHUX CHIIOCAX C IIIOCKHM JTHOM
HE TPE/CTABISAETCS BOSMOXKHBIM 0€3 MOHUTOPHHIA M YNPABJICHUS! BO3AYLIHBIMH I1OTO-
KaM{ BO BHYTpEHHEeM o0beMme. B cuiocax ¢ HeympaBisseMbIMH MOTOKaMH BO3TyXa IPoO-
HCXOIMT Tepepaclpe/ieieHne BIIark ¥ JOMOJHUTENILHOE YBIKHEHHE MOBEPXHOCTHOTO
CJI0sI, YTO TIPUBOJUT K MOTEpsM OKoio 2 % 3epHa. Llenpio paboTs! sBIsETCS pazpaboTka
TEXHOJIOTUH, MCKITIOYAIONIel yBIa)KHEHHE MOBEPXHOCTHOTO CJIOS 3epHA MPU XpaHEHHH
B METAJUTMUECKHUX CHIOCAX.

Mamepuanvt u memoowi. B 1a00paTopHBIX YCIOBUSAX OBLIM OMPENEIICHBI ad3pOANHAMHU-
YecKHe TMapaMeTphl 3epHa MIICHUIBl  COM B AWANa30He CKopocTel (uibTrpamnum MeHee
0,15 m/c. B metammuueckux cuitocax BMectumocThio 2 000, 3 000 u 10 000 T ogHOBpE-
MEHHO N3MEepEeHBI TEMIIEpaTypa i OTHOCHTEINIbHAS BIQKHOCT BO3yXa BHYTPH, B BEPXHE
YacTH cuiloca 1 cHapyxu. [lepron n3mepenus TeMieparypsl ¥ OTHOCUTEIIBHOM BIIAXKHO-
¢t coctaBisil 30 MUH B TeUEHHE ABYX U IIATH MeCsIeB. [ n3MepeHns NCTIoIb30BaINCh
AQBTOHOMHBIE PETHCTPATOPBI.

Pesyromamut uccnedosanus. [lpeanoxeH HOBBIH OOBEKTUBHBI HOPMATHB BEHTHIIUPOBA-
HUS 3epHa — MUHUMaJbHas (KPUTHYECKas) CKOPOCTh (DMIIBTPAIMH, 00SCIIeUunBaIOIIast BbI-
HOC BJIATH 3a TIPEAENBI CHII0Ca. AHATUTHIECKUMHI NCCIIEI0BAHNUSIMH MOITYyYEHO ypaBHEHUE
JUISl BBIYMCIICHUSI CPEIHEB3BEIICHHONH CKOPOCTH (MIIBTPALK BO3yXa, BBIXOMSIIETO U3
3epHOBOI Macchl. OOl Pacxox BO3AyXa, COOTBETCTBYIOMINI CPEIHEB3BEIICHHOM CKO-
poctH duibTpanyy, 00ECIeUnT 10 BCel MOBEPXHOCTH CKOPOCTh (QMIBTPAUKM HE MEHee
KPUTHYIECKOI M HCKITIOYNT OCEAaHNe BIaru. DKCIIEPHMEHTAILHO BBISIBICHBI TIEPUO/IBI Ha-
chileHus Binaroit Bo3ayxa 10 100 % B Ha3epHOBOM MPOCTPAHCTBE MO/ KPBILIEH cuitoca.
VYTouHeH MeXaHH3M BBIOpOCA TEIUIa IO KPBINIY CHIOCA M3 TIIyOWHBI 36PHOBOH MAacChI
IIPU XPaHEHUH.

Obcysicoenue u 3axmouenue. TIpeniokeH alIropuT™ 0€30MaCHOTO aKTUBHOTO BEHTHIIAPO-
BaHWS 3€pHA U MOJAKPBIIIHOTO MIPOCTPAHCTBA B METAJUTMYECKOM CHIIOCE. PeKOMEHJ0BaHbI
Tpe/iebHbIe 3HAYeHNs] OTHOCUTENBHOI BIAXKHOCTH aTMOC(EPHOTO BO3IyXa, NCIIONIB30Ba-
HHE KOTOPOTO MCKIIFOYUT YBIIQYKHEHUE 3ePHOBOM MAcChl MPH aKTHBHOM BEHTWJIMPOBAHUH
B JIMamna3oHe Iepernaia TeMneparyp 3epHa u armocdepsl 10 30 °C u Gonee. [TomydenHsle
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Introduction. Preservation of grain crops in flat-bottomed metal silos is not possible with-
out monitoring and control of air flows in the internal volume. In the silos with uncon-
trolled air flows, there is a redistribution of moisture and additional moistening of the grain
surface layer that leads to losses of about 2% of grain. The aim of this work is to develop
a technology for preventing the grain surface layer from humidifying during storage in
metal silos.

Materials and Methods. Under laboratory conditions, aerodynamic parameters of wheat
and soybean grains were determined in the range of filtration rates less than 0.15 m/s. In
metal silos, with a capacity of 2,000, 3,000 and 10,000 t, the temperature and relative hu-
midity of the air inside at the top of the silos and outside were measured simultaneously.
The temperature and relative humidity measurement period was 30 min for two and five
months. Autonomous recorders were used for measurement.

Results. A new objective standard of grain ventilation is proposed — minimum (critical)
filtration rate, which ensures moisture removal outside the silo. The analytical studies
produced an equation for calculating the weighted average filtration rate of air leaving the
grain mass. The total air flow rate corresponding to the weighted average filtration rate will
provide a filtration rate of at least critical over the entire surface and will exclude moisture
settling. The periods of air saturation with moisture up to 100% in the supervisory space
under the roof of the silo have been determined experimentally. The mechanism of heat
emission up to the silo roof space from the depth of grain mass during storage has been
clarified.

Discussion and Conclusion. The algorithm for safe active ventilation of grain and roof
space in metal silos is proposed. Limit values of relative humidity of atmospheric air are
recommended, the use of which will exclude humidification of grain mass when ventilat-
ing actively in the range of temperature difference between grain and atmosphere up to
30 °C and more. The obtained data can be used by mechanical engineers in the manufac-
ture of metal silos and by grain producers in the operation of the said silos.

Keywords: metal silo, ventilation, grain storage, self heating, humidification, relative hu-
midity, temperature

For citation: Razvorotnev A.S., Gavrichenkov Yu.D. Technology for Monitoring and
Control of Air Flows Inside Metal Silos during Grain Storage. Inzhenerernyye tekhnologii
i sistemy = Engineering Technologies and Systems. 2020; 30(2):232-253. DOI: https://
doi.org/10.15507/2658-4123.030.202002.232-253
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BBenenne

st coxpaHeHust ypoxkasi 3epHOBBIX
B Poccuu k 2035 1., mo sKCnepTHOM OLICH-
Ke, MOTpedyeTCs TOTIOTHUTEIBHO MTOCTPO-
WUTh 3EpPHOXPAHWIIUINA BMECTUMOCTBHIO
cbrme 84 mutH T [1]. Umetommiics nedu-
LUT EMKOCTEH JIJISl XpaHEeHUs, OYCBHUJIHO,
OyzeT ycTpaHeH BBEIIEHHEM B DKCILTyaTa-
U0 METAJUTUYECKUX CHIIOCOB, KOTOPHIC
MCTIIOJB3YIOTCA BO BceM mupe. B Poccun
3a mocieqHue 16 jeT eXerogHo BBOAU-
JUCh B OKCIUTyaTalldi0 METaUTHYeCKHe
€MKOCTH BMECTUMOCTHIO OKOJIO 1 MIJH T.
B omnuune ot TpajMIIMOHHO CTPOUBIIHX-
Cs 2JIeBaTOPOB M3 XKEJE300CTOHHBIX KOH-
CTPYKIMH METaITUYEeCKHE CHIIOCH OoJiee
SKOHOMUYHBI. OHH UMEIOT MEHBIINUN CPOK
crpoutennscTBa B 1,5-2 paza, Ha 15-20 %
MEHBIIINE KallUTaJIbHbIC 3aTPaThl U HE Me-
Hee 20 % — CHM)KEHHe TeKyIIMX 3arpar
Ha conepkanue 3nanuil. [lo cpaBHeHHIO
C HAINOJILHBIMH CKJIaJIaMHd B MeTaJlIHde-
CKHX CHJIOCAaX MEXaHW3WPOBaHBI MOTPY-
304HO-pa3rpy304HbIe PabOTHI C 3EPHOM.
HenocrarkoM 3TUX CHJIOCOB SBIISIETCS
HEBO3MOXHOCTh T'apaHTHPOBAHHO COXpa-
HUTh B YCJOBHUSX YMEPEHHOTO KIIMMara
BEPXHHUH CIJIOHN 3epHa Maccoil okoso 2 %
oT obmero oobema [2]. B cTpanax c xap-
KUM KJIMMaTOM TaKOW HEJOCTaTOK CHJIO-
coB oTcyTcTByeT. CoXpaHeHHE BEPXHETO
CJI0Sl 3epHa B METAJUIMYECKHX CHIJIOCaX
B KIIMMAaTHYECKUX yCIIOBHSIX HallleH cTpa-
HBI — aKTyaJlbHas 3a/a4a.

Ha coxpaHHOCTH 3€pHa CyIIECTBEH-
HOE BIIMSHUE OKa3bIBAIOT TeMIepaTypa
¥ BIQKHOCTh BO3/AyXa, OKPY)KaIOIIETO
36pHOBYI0 MacCy M HaXOJSIErocsi BHY-
TpH ee [3; 4]. IloBbIIeHHBIE TEMIIEPATYPA
Y BIQXHOCTH SIBISIFOTCS OJarompHsTHOM
cpemoit s pa3BUTHS OaKTepuil, rpruoOOB,
MJieCeHel, HACEeKOMBbIX W JPYruX Hera-
THUBHBIX TPOIIECCOB, CHUKAIOIIUX CTOM-
KOCTh 3€pHA K XPAHCHHUIO U MPUBOJISIIUX
K TOTEepsIM Macchl U KayecTBa. B meran-
JIUYECKOM CHJIOCE BCIEJCTBHE BBICOKOM

MIPOBOJUMOCTH TE€IUIa M TeMIepaTypsl
OTpaKJaroIINX CTEH BO3AYX O] KPBILIEH
B HAJ3€PHOBOM IPOCTPAHCTBE H3MEHS-
€T CBOM IapaMeTpbl B 3aBUCHUMOCTU OT
MOTOJTHBIX YCIIOBHU W (DU3UOIOTHUCCKHX
MIPOIECCOB, IMPOTEKAIOMIUX B 3E€pPHOBOM
Mmacce. [lapameTrpsl Bo3yxa BHYTpH 3ep-
HOBOH MacChl M3MEHSIOTCS 3HAUUTENBHO
MEJUICHHEE M NPAKTUYECKU HE 3aBUCAT
OT TIOTOJHBIX YCJIOBWH. 3epHOBas Mac-
ca oOmamaeT HHU3KOW TeMIepaTyporpo-
BOJHOCTBIO U TEIUIONPOBOAHOCTHIO. Ha
M3MEHEHHE MapaMeTpoB BO3/1yXa B MEXk-
3€pPHOBOM IIPOCTPAHCTBE BIUSIOT (HU3HO-
JIOTUYECKHE MPOILECChl, MPOTEKAIOIIHNE
B 3€pHOBOM Macce Ipu XpaHeHuu. B mpo-
[ecce JbIXaHWs KOMIIOHEHT 3EpHOBOM
Macchl BBIJIENISETCS TEIUIo, MPUBOJAIIEe
K TOBBIIICHUIO TEMIIEpaTypbl U HEPEIKO
K CllydasiM camocorpeBaHus 3epHa. [Ipe-
JIOTBPATUTH 3TOT IPOLECC O3BOJISIET BEH-
THJINPOBAHUE 3€PHOBOM MacChI'.

B meranmmmdeckux cuiocax ¢ INIOCKUM
JTHOM, TIpelHa3Ha4YeHHBIX I XpaHEeHHs,
MPEAYCMOTPEHBl JBE BEHTHJISALMOHHbIE
YCTaHOBKM M YCTPOWCTBO ISl MOHHUTO-
pUHTa TEMIIEpaTypbl BO BHYTPEHHEM
oboreme. OmHA yCTaHOBKA TIpeTHA3HATE-
Ha JUId BEHTWIMPOBAHHSA HAJI3€PHOBOTO
IIPOCTPAHCTBA IOJ Kpblile. B BepxHel
YacTH CHJIOCA MIIM Ha KpbIIIE yCTaHABIIH-
BalOTCSl OCEBBIC (KPBILIHbBIE), BBHITSHKHBIC
BEHTUJISITOPBI, KOTOPBIE OCYILIECTBIISIOT
3aMEHY BO3[yXa B HAaJ3€pHOBOM IIpO-
cTpancTBe. [IpUTOK HapyKHOTO BO3IyXa
o0ecreunBaeTcsl yepe3 KOJBLEBOW 3a30p
MEXJly BEpTHKaJbHON CTEHKOW cuioca
U Kpbiled. [pyras ycTaHOBKa IpeaHas-
HaueHa I aKTUBHOI'O BEHTUJIMPOBAHUS
3€pHOBOM Macchl, 3aMEHbl BO31yXa BO
BHYTPEHHEM 00BeMe cujIoca, B TOM YH-
cle M B MEX3EpHOBOM IPOCTPAHCTBE.
HapyxHblil Oojee XOIOAHBIA BO3IYX Ha-
THETAeTCs B 36pHOBYIO MacCy CHHU3Y 4epe3
nepdopalnio B TIIOCKOM JTHE. BriBoguTCs
BO3JlyX U3 CHJIOCA B BEPXHEU 4acTH uepes

! Burrill P. Super Cool Aeration Results // Source Link Grains Research and Development Corpo-
ration (GRDC). 21.06.2016. URL.: https://storedgrain.com.au/super-cool-aeration-results/ (gata oOpae-

uus: 20.04.2020).
234

Hpoueccw U MAawuHbl ACPOUHICEHEPHBIX CUCmEM



Vol. 30, no. 2. 2020

ENGINEERING TECHNOLOGIES AND SYSTEMS '

KOJIBLIEBOM 3a30P MEXY CTEHKOH U KpPbI-
el B geiaekropsl. YCTPOWCTBO 1St MO-
HUTOPHHTA TEMIEPATypbl IMPENCTaBISIET
c000¥f BEpTHUKAILHO HATIHYTHIH BHYTPHU
CHJIOCa TPOC C JAaTYMKaMH TEeMIIepaTyphbl.
Paccrosinue Mexay maTuukamu He Oonee
1,5 m. Iloka3aHust JaT4YMKOB BHIBOASAT Ha
IyJBT YIPABICHMUS.

B KOHCTpYKIIMHM METalNIM4eCKUX CH-
JIOCOB HE NMPENTYCMOTPEH MOHUTOPHHT KO-
JMYEeCcTBa BO3/yXa, 00paIlaromerocs BHy-
Tpu cuioca. CuJockl HE 000PYIOBaHbBI
M3MEPUTEIBHON amnmapaTypoil KOHTpPOJIS
pacxosa BO3Ayxa, [0JaBaéMOro B 3€pHO-
BYIO Maccy. 1I3BecTHO, 4TO NPH aKTHBHOM
BEHTWJINPOBAaHUM TIPOMCXONNUT Mepepa-
crIpeziesieHue Biard B Macce 3epHa. [lpu
MaJIbIX CKOPOCTSIX (HIBTPALUK JecopOu-
pOBaHHAasi W3 3€pHa Biara OcelaeT Ha
MOBEPXHOCTH 3E€PHOBOIl Macchl, IPUBO-
JUT K JOIOIHUTEIFHOMY YBIIAXXHEHHIO
Y Pa3BUTHIO HETATHBHBIX IIPOIECCOB [5].
B mnpouecce xpaHeHMs B HaJ3€pHOBOM
MPOCTpaHCTBE MO KpbIlIel cuitoca (oco-
OEHHO B OCEHHE-3UMHHI MEPUOA MPH OX-
naxaenun armochepst Hike 0 °C) obpa-
3yeTcsl KOHAECHCAT, KOTOPBIN BBIMAIAeT Ha
MOBEPXHOCTh 3€PHOBOM MacChl U TaKXKe
YBIIQXKHSET 3€pHO.

Hacrosimias crarbst mocBsilieHa pas-
paboTKe TEXHOIOTUH, UCKITIOYAIOIeil yB-
Ja)KHEHUE TOBEPXHOCTHOTO CJIOS 3€pHa
IIPH XpPaHEHWU B METAJUIMYECKHUX CHIIO-
cax, BBIBEJICHHIO aJITOPUTMa OE30I1aCHOT0
aKTUBHOTO BEHTWJINPOBAHUS 3€pHA U ajl-
TOpUTMa BEHTHJIMPOBAHUS HAJ3€PHOBOTO
MIPOCTPAHCTBA MO/ KPBILIEH cuioca.

O030p TuTEpaTYpPHI

B HOpPMAaTUBHO-TEXHUYECKOM JOKY-
MEHTAllWH, a TaKkXe B HHCTPYKLHUAX IO
SKCIUTyaTallid METAJUTMYECKUX CHIIOCOB
OTEUECTBCHHBIX U 3apyOC)KHBIX KOMIIa-
HUI-U3rOTOBUTENEH HE U3JI0KEHBI METO-
JIbl YIIPABIICHHS BO3YIIHBIMH IOTOKAMHU.
B cunocax, yKOMIZIEKTOBaHHBIX OJJUHAKO-
BbIM BEHTHJIILIMOHHBIM O0OPYIOBaHUEM,
XpaHATCS pa3iuYHbIE 3€PHOBBIE KYIBTY-
pBL. A3poAMHaMUYECKUE XapaKTePUCTHKH
3€pHOBBIX KYJBTYp OTJIMYAIOTCA APYT OT
npyra. Hanpumep, norepu naBieHus Bo3-
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JlyXa Ha OJTHOM METPE BBICOTHI 3€pHA MPH
¢unpTpanmu co ckopoctsio 0,037 m/c mo
JTAHHBIM COCTAaBAT: TIIICHUIIBI OKOJIO
110 ITa, xyxypy3sl — okono 30 Ila, mpo-
ca — oxkouo 280 Ila, pxxu — oxomno 120 Ila.
[Ipy aKkTUBHOM BEHTHJIMPOBAHUU TpE-
OyeTcst peryiupoBKa YCTaHOBKH ISl Ka-
KIAOW KyabTyphl. Jlis MeTammmyeckux
CHJIOCOB YCTaHOBJICH €IMHBIN HOpPMAaTHB
o0beMa BO3/IyXa, HArHETaeMOTO B 3€PHO-
BYIO Maccy.

B MHCTpYKIIMSAX aKTMBHOE BEHTHIIU-
pOBaHHE B METAJUIMYECKUX CHUJIOCAX pe-
KOMEH/IOBAaHO OCYIIECTBISATH MPH YICIhb-
HOM pacxojie Bo3ayxa He meHee 10 m/u
Ha ofHy TOHHY. OITHAKO ATOT HOPMATHB
HEJ0CTaTOYHO OOBCKTHMBEH. B paborax
pAla YYEHBIX YCTAHOBJIICHO, YTO BO3-
JyITHBIA TOTOK BHYTPU CHJIOCA HEpaB-
HOMEPHO paclpenessieTcs B 3EepHOBOM
Macce [6]. Okoslo CTEH CHJIOCa BO3AYyX
UMeeT OONBIITYI0 CKOPOCTH 110 CPABHEHUTO
C IEHTPAIBHON YacThio. ITO 0OOCHOBA-
HO pa3UYHeM BBICOT CJIOS 3€pHA: B IICH-
Tpe Cioi 0osee BBICOKHU, YeM Y CTEH.
Pa3HOCTH BBICOT BO3HHKAET BCIIEICTBHE
3arpy3Kd CHJIOCa Yepe3 OJHO OTBEpPCTHE
B IIEHTPE KPBIIIH, B CHIIOCE 00paszyercs
KOHyCOOOpa3Hasi Hachllb. Pa3Mepbl Ko-
HYCHOM YacTH HACBIH 3aBUCSIT OT JUa-
MeTpa cuioca. BeicoTa KOHYCHOW 4acTH
BBHIIIIE B CWJIOCAX, MMEIOIIUX OOJBIIHIMA
muametp. Yem Oomnbllie muameTp cuiioca,
TE€M MEHBIINHA 00BEM BO3/yXa MPOXOTUT
gepe3 MEeHTPAThHYIO YacTh HACHIIU TIPH
cpeaHel ynenbHOW monave. [lelcTBy-
IO  HOPMATUB YCTAHOBJICGH OKOJIO
30 nmer Ha3ag Ha OCHOBE HCCIIEOOBAHUN
B cwioce auamerpom 15,2 M. B Hactos-
mee BpeMsl CTPOSAT CHIIOCH THAMETPOM
or 8§ 1o 40 M. OObeTMHEHHBIM HOpPMAa-
THBOM TIOJIa4¥ BO3AyXa IS BCEX 3E€PHO-
BBIX KYJIBTYpP W THIIOPa3MEPOB CHIIOCOB
Moria Obl OBITh KPUTHYECKAs CKOPOCTH
(upTpanmu, Tpu KOTOpPOH oOecrednBa-
eTcsl BBIHOC BIIATH 3a TPEIeNbl CHIIOCA.
B 3epHOByI0 Maccy HEOOXOIMMO HarHe-
TaTh BO3J[yX B 00bEME C YY4ETOM HEPABHO-
MEPHOCTH paclpe/ie/IiCHHs B HACHITIH, ITPH
KOTOPOM YCTaHaBJIMBAETCS KPUTHYECKAS
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(HOpMaTHBHAs1) CKOPOCTh (PHUIBTPALUH
B LEHTpasbHOW wacTH. [Ipu Takom pe-
KUMe aKTUBHOTO BEHTHJIMPOBAHUS OyIeT
obecriedeH BBIHOC BIIATH 3a TPEeIbl CH-
JI0ca ¥ UCKJIFOYEHO BHITMIAJICHUE €€ Ha T10-
BEPXHOCTHBIH cioi [7].

Jns onmcaHust a’pOJMHAMHUYECKUX
napamMeTpoB 3€PHOBBIX KYyJBTYp B IUIOT-
HOM CJIO€ B JIUTEPAType UCIIONIB3YIOT Clie-
Iytornyro ¢opmyiny Pam3una:

P=981-4-h-v, (H
rae P — morepu AaBieHHs B 3€pHOBOM
crnoe, Ila; A u n — smmmpudeckue Kod¢d-
(UIMEHTDI, TPUBEICHBI B Taduue 1 s
Pa3IMYHBIX KYJBTYP; /A — BBICOTa CIIOS,
MM; V — CKOPOCTb (PUIIBTpall — Pacxon
BO3/yXa, OTHECEHHBIH K TUIOIIAIN 3€PHO-
BOM Macchl, M/C.

Kosddunmentsr B Tabmmme 1 mo-
nydensl B. @. CamMo04eTOBBIM SKCTEpH-
MEHTaJbHO TPH CKOPOCTIX (UIBTpAIN
coime 0,1 M/c. dakTnyeckue CKOPOCTH
(GUIBTpaluy B METAITMYECKHUX CHIIOCAX,
no naHHeiM O. M. buneno, He mpeBbI-
marot 0,05 M/c [8]. Tpebyercs sxcnepu-
MEHTAJIbHO TIOATBEPAUTH MTPABOMEPHOCTD
WCIIOJIb30BAHNS 3HAUEHUH SMINPUIECKUX
KOA(GUIHMEHTOB AJISl STHX PEKUMOB BEH-
TurpoBanus. B psne padot dpopmyna (1)
MpUMEHEHa ISl MOHUTOPWHTA KOJIHYECT-
Ba BO3IyXa, HarHETAa€MOTO B 3€PHOBYIO
Maccy [8; 9]. [IpenmaraeTcst u3MEPSITH I1e-
penaj IaBieHHs B cioe (pUKCUPOBaHHON
TOJILIUHOM BHYTPH 3€pHOBOM Hacsnu. 11o
¢dopmyie (1) BBIYHCISIOT CPEIHIO CKO-
pPOCTb (PHIIBTpAINH, 3aT€M CPETHHI pac-
XOJI BO3[yXa 4epe3 Maccy 3epHa U yHelb-

HyI0 mofady. TexHolormyeckas cxema
XpaHEHHUsl 3epHa B METaJUNIMUYECKOM CH-
JI0Ce ¢ MOHUTOPHHIOM PAcXoia BO3AyXa
MpeJCTaB/IeHa Ha pUCYHKe 1.

B Merammmdeckux cuiocax B COOT-
BETCTBUM C HOPMATHBHOH IOKYMEHTAIIH-
eil paspemraercsi XpaHEHHE 3€pHa BIIAX-
HOCTBIO He Oonee 14 %. BentuiupoBanue
JIOITyCKAETCsl BO31yXOM, HMEIOIIUM Iapa-
METPBI, UCKJIIOYAIOLINE JONOTHUTEIbHOE
yBIOKHEHHE 3epHA. Temmneparypa Hapyx-
HOTO BO3JyXa JOJDKHA OBITh HUXKE TEM-
neparypsl 3epHa He MeHee yeM Ha 5 °C.
B uHCTpYKIMAX HE OpeeIeHbI IPeieib-
HBIE MapaMeTphl aTMOC(EepHOro Bo3ayXa,
IpU KOTOPBIX HE IPOUCXOAUT YBIAXKHE-
HHUE 3epHA TPU BEHTHJIUpPOBaHUH. B He-
KOTOPBIX  3apyOeKHBIX ~ WHCTPYKIUSIX,
HanpuMep ucnaHckoil ¢upmbl Kordoba,
JaHa Tabnuua mpeaeabHOH OTHOCHTENb-
HOH BJIQXHOCTH Hapy>KHOTO BO3AyXa.
B Ttabnuue pa3zHOCTh Temmeparyp 3epHa
n armoceps! He mpeBbimaer 8 °C. 3ep-
HO BIaXXHOCTBIO 14 % momyckaercs BeH-
TUJIMPOBATH BO3AyxoM, nmeroum 100 %
BIIAXHOCTb. Tpedyercs pa3padborarh Tad-
auny B Oosee HIMPOKOM AMana3oHe pas-
HOCTH TEMIIEpaTyp: C Y4YeTOM YCIIOBUH
XpaHEHHUs B yMEpeHHOM kimumare PO.
Pa3zHocTh TeMmeparyp MOXKET JOCTHIaTh
6onee 30 °C. BenTunupoBaHue BO3LYXOM
¢ BIAXKHOCTBIO, Omm3koit k 100 %, Hemo-
MYCTHMO.

il KOHTpOna M ymnpaBieHHs yCTa-
HOBKOW BEHTHIIUPOBAHUSI HAJI36PHOBOTO
MPOCTPAHCTBA CHJIOCA B HHCTPYKIIHSX pe-
KOMEHJIOBAaHO M3MEPSTHh OTHOCUTEIbHYIO
BJI&KHOCTb BO3/yXa IO KpPbILICH U CHA-
PY’XK1 IpU TIOMOIIHU IIcUXpoMmeTpa Accma-

Tabnumal
Tablel
3navenus Ko3(pPpuieHToB A U 1 ISl PA3TUIHBIX KYJIbTYP
Values of factors 4 and n for different cultures
Kynsrypa / Culture A n Kynsrypa / Culture A n
ITwennna / Wheat 1,41 1,43 Kykypy3a / Corn 0,67 1,55
Poxb / Rye 1,76 1,41 Topox / Peas 0,82 1,51
Ogec / Oats 1,64 1,42 I'peunxa / Buckwheat 1,76 1,41
Slumens / Barley 1,44 1,43 TIpoco / Millet 2,34 1,38
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P u c. 1. TexHosorH4ecKkasi cxeMa XpaHEeHHs 3epHa B METAJUTMYECKOM CHIIOCE ¢ MOHUTOPHUHIOM Pacxozia
Bo3/1yXa: | — 0CeBOI BEHTHIATOP; 2 — MPUCOSIUHEHNE K TupMaHOMeTpY; 3 — mudMaHOMeTp IS
H3MEPEHHs JIaBICHUS BO3/lyXa; 4 — CXeMa PACIOI0KEHHUs TEPMOIIOIBECOK B TIONICPEYHOM CEYEHHHI
curnoca; AP = f(V) — n3MeHeHue aBIeHus Kak (QyHKIHS CKOPOCTH (QUIIBTpalun

Fig. 1. Process diagram of grain storage in metal silo with air flow monitoring: 1 — axial fan;
2 —accession to a manometer; 3 — manometer for measurement air pressure; 4 — diagram of positioning
for thermal supports in cross section of silo; AP = f{ V) — pressure change as a function of filtration rate
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Ha. Brirroyare ycTaHOBKY TpeOyeTcsl mpu
MIPEBBIIIICHUN BIQXKHOCTH BO3lyXa HAaj
36pHOM TIO CpPaBHEHHWIO C BIIAKHOCTBHIO
BO3/IyXa CHapy»KH.

B uHCTpyKIMM HE yKa3aHbl IEPHO-
JIUYHOCTh KOHTPOJISI, a TaKXKe 3HAUCHUE
MIPEBBIIICHUST BIAQYKHOCTH BO3/yXa BHY-
TPU OTHOCHUTEIILHO BJIQXKHOCTH CHApYKH.
BEBINOTHATE Ha MTPaKTHKE MPEIIOKESHHBIE
B MHCTPYKIWHU YCIIOBUS KOHTPOJS BIIaX-
HOCTH HE IPEJACTABIISACTCS BO3MOXKHBIM:
BbICOTa cuiocoB okoio 20 M. Takxke
HEIeNIeCO00pa3HO BEHTHIUPOBATH MOJI-
KPBIITHOE TPOCTPAHCTBO IIPH COCTOS-
HUU TIPEBBIIIEHUS BIAXXHOCTH BO3AyXa
BHYTPU OTHOCHTEIHFHO Hapy>KHOH, HO HE
MEHEee TOYKH pOChl. B 3TOM ciydae HeET
OITACHOCTH BBITIQJICHUS KOHJICHCATA.

Pazpaborare anropuT™m yrpaBiIcHHS
YCTaHOBKOW BEHTUJIMPOBAHUS TOJKPHIII-
HOTO TIPOCTPAHCTBA CHIIOCA BO3MOXKHO Ha
OCHOBE aHAJIN3a TaHHBIX N3MEHEHUH TeM-
MepaTypbl ¥ OTHOCUTEIILHOM BIQKHOCTH
BO3/lyXa BHYTPU B BEPXHEH YacTH cujoca
u cHapyxu. HaOnroneHus 3a u3MeHeHus-
MU TIapaMeTPOB BO3yXa IeJIeco00pa3Ho
MPOBECTH B IEPHOMA OT 3aKIAJKH 3€p-
Ha ¢ Temreparypoir He meHee 20 °C mo
YCTOHYMBOTO OXJIQKICHHS aTMOC(EphI
ke 0 °C. Takoe COOTHOIIEHUE TEM-
Meparyp XapakTepHO JUIsl YMEPEHHOTO
knumara. [loxoxxue wuccnenoBaHus ISt
YCIIOBUI KApKOTO KJIMMaTa BBHITIOTHEHBI
B 3apybekHBIX paborax? [10].

B Hammx paboTax oImyOIMKOBAaHEI Tpa-
(hUKU U3MEHEHHUIA TEMIIePaTyPhI U BIIAYKHO-
CTH BO3/lyXa B cujioce U cHapyxu [11-13].
[lomydeHHble JaHHBIC TOATBEPIKIAIOT
HEYCTOWYHBOE COCTOSTHHE BEPXHETO CIIOS
3epHa MPH XPaHEHUH B METAJTHYECKOM
cuioce. BHyTpu B BepxXHEM ClI0€ Ha TIy-
oune oxoso 70 MM M Ha TIOBEPXHOCTH
3epHOBOM HACKHIIIH MOXET 00pPa30BaThCs
KOHJIeHCaT. B 3TUX MecTax OTHOCHUTEIb-
Hasl BIIaKHOCTh Bo3ayxa octuraet 100 %

B OTJAEJbHBIC MEPUOAbl XpaHeHus. Yacto
MpeIeIIbHOE HACHIIICHHUE BJIArOi BO3yXa
HaAOJIONAeTCsl B HAJ3€PHOBOM TPOCTPaH-
cTBe ToJ Kpblmield. Hauyumnarorcs 3Tu
MIPOIIECCH TIPH YCTOWIMBOM TOHIDKCHUU
HapYy»XKHOM TeMIlepaTypbl HUXKE HYJS, CO-
CTaBJISIIOIEH HE MEHEE MOJIOBUHEI BpeMe-
HU B TeUeHHE Mecsia. BeickazaHO Tpen-
MOJIOKEHWE O TOM, YTO BHYTPH CHJIOCA
MIPOUCXOINT HACHIIIEHUE BO3TyXa BIIATOMH,
omuzkoit 100 %, mpu nByX BapuaHTax:
100 % oTHOCHTEIHLHOHW BIIAYKHOCTH BO3-
JtyXa CHapy»Ku (0K TMBAas TIOr0/1a) U BbI-
Opoce Teruia moJ KphIlly U3 MTyOMHHBIX
CJIOEB 3ePHOBOM MacCCHI.

Jns monTBepKACHUS W3IT0KCHHBIX
BBIIIIC BAapWAHTOB HACHIIMICHUS BJIArou
BO3JyXa TpeOyeTcs Oojiee JCTalbHO W3-
YYUTh COOTHOLICHUE MapaMeTpOB BO3-
JlyXa BHYTPH CHJIOCA U CHApyXH B Clie-
IyIOIIAE TepHoAbl XpaHeHUs. [lepnossr
TIOBBITIICHUST TEMIIEPAaTyphl HAIl 3epPHOM
OTHOCHUTEIBHO HApY>KHOW TEeMIIepaTyphl
u nepuoasl 100 % BIaX)XHOCTU HAPY>KHO-
ro BO3AyXa.

MarepuaJjibl 1 METOABI

[lorepu maBneHHs M Pacxoj BO3AyXa
TIPU BEHTHJIMPOBAHUH 3€PHA U3MEPSITHCH
B TIPOM3BOJICTBEHHBIX U J1a00OPAaTOPHBIX
yCHOBHSIX. B MpOU3BOACTBEHHBIX CHIIO-
cax M3MEPEHUS BBHINOJIHSUINCH MPHU BEH-
TWJIMPOBAHUW TIIICHUIBI, OBCa W COW,
B JTa0OPaTOpPUH — MPH BEHTHIUPOBAHUH
IIIIEHUIBI U COU.

Ilepen BeITIONHEHHEM 3aMEpPOB B CH-
JIOCaX BBIPABHUBAJICS TMOBEPXHOCTHBIM
CJIOW MOCPENCTBOM BBITPY3KU YacTH 3€p-
Ha B TeueHue 15 muH. B cunocax usmeps-
JIUCh: TIepenaJl IaBICHUS B CIIOIX (hPUKCH-
pPOBaHHOW TONIIWHEI, AaBIICHUE BO3IyXa
B HIDKHEM CJIo€ HaJl nep(opupoBaHHOM
pEeIIeTKOH U pacxoll BO3IyXa, HarHeTa-
eMblIil B cunoc. [lepenan naBienus usme-
psUICS B CIEIYIONUX CHIOCAX U KYIBTY-
pax. B nuenuue — TonmuHa cios 2,95 m

2 Keukun U. A., Pazpopornes A. C., lapuuenkos FO. JI. OGecrieuerne COXpaHHOCTH 3epHA B Me-
TAJUINYECKOM cuiioce // VIHHOBaIMOHHOE pa3BHTHE MHINEBOM, JIETKOH MPOMBIIUICHHOCTH U WHIYCTPHH
TOCTETIPUUMCTBA: MaTepuaibl MeXIyHApOIHOH HAydHO-TPAKTUYEeCKOW KOH(EPEHLUH, MOCBAIICHHOH
60-11eTur0 AIMaTHHCKOIO TEXHOJIOTHUECKOro yHuBepcurera. Anmarsl, 2017. C.194-196.
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B cuioce Gupmbl RIELA BMecTuMOCTBIO
2 000 T, 3amomHenHoM cBbime 50 %.
B 3epne cou — tommuna cios 2,0 u 3,0 m
B cmtoce pupmbl GSCOR BMECTHMOCTBIO
10 000 T, 3arpy>k€HHOM IOJTHOCTHIO. [[aB-
JICHUE B HIDKHEM CJIO€ U3MEPSUIOCH TIPH
BEHTUJIUPOBAHUU OBca ToimmuHou 0,5 m
B cunoce RIELA Bmectumoctsio 3 000 T
Y TIPU BEHTUJIMPOBAHUU TIICHUIIBI CIIOEM
6omee 10 M B cuioce To# ke (GUPMBI BMe-
ctumocThio 2 000 T.

Ilepenmany u paBneHue U3MEPSUIUCH
U-00pa3HbIM MAaHOMETPOM, 3aTIOJTHEHHBIM
Bonoit. Ilpu oxiaxaeHuu armocdepsl 10
0 °C 1 HWKe WCTOIB30BAJICS AUPMAHO-
Metp-Hanopomep JIHMII. Pacxon Bo3-
JlyXa, HarHETAEeMBIA B CHJIOC, H3MEPSUICS
B BO3IyXOBOJE MEXIy BEHTUISITOPOM
U CHJIOCOM IO OOILISTPUHSATON METOIU-
K€ C MPUMEHEHUEM ITHEBMOMETPUYECKOM
TpyOKu [luto.

B nmabopatopHbBIX yCIIOBUSIX BEHTH-
JUPOBAJIaCh TIICHUIIA C BBICOTON CIIOS
1 M, a cost ¢ BeicoToit 0,22 M. U3mepsituck
JIaBJICHUE BO3AyXa B HUKHEM CIIOE€ U pac-
xon Bo3ayxa. Jlis m3MepeHus: JaBlIeHHS
WCTIOJIH30BAJICS CIHPTOBOM MHKPOMAaHO-
meTp. Pacxom Bo3myxa m3MepsIIcs MpH
TTOMOIIU CYYKAIOIINX YCTPONCTB: TPYOBI
Bentypu u quadparmel.

Temmeparypa u OTHOCUTEIbHAS BIAXK-
HOCTh BO3llyXa H3MEPSUTUCh B BEpXHEH
4acTH BHYTPH CHJIOCOB BMECTHMOCTBHIO
2 000 u 10 000 1. Cummocsl ObUTH 3aITONI-
HeHbl cooTBeTcTBeHHO Ha 90 % 1 100 %
CyXUM 3€pPHOM TIIEHUIBI BIAKHOCTHIO
MmeHee 14 % yposkas Tekyuiero roga. B cu-
noce Ha 2 000 T HaOIIOIEHMS OCYIECTBIIS-
JICH B TEUCHHUE JIBYX MECSIIEB (CEHTIOPb—
okTs0ps 2016 1), B crtoce Ha 10 000 ToHH
HAOJIFO/IAJId B TCUCHHE IATH MECSIIEB (OK-
Ts10pb 2017 r—enpans 2018 1.). BHyTpHn
CHWJIOCa U CHapyXH IapaMeTphl BO3dyXa
U3MEPSIINCh OJHOBPEMEHHO 4Yepe3 Ka-
sable 30 MUH, B CYTKH — 24 U3MEPEHUSL.

Jnis m3MepeHust TeMrieparypsl M OTHO-
CUTEJIPHOM BIIYKHOCTH BO3yXa HCIIONB30-
BaJIMCh ABTOHOMHBIE peructparopsl Jlorrep
100-TB. B cunocax peructparopsl nome-
IIAJIMCh: B BEPXHEM CJIO€ 3epHA Ha TITyOUHE

Processes and machines of agroengineering systems

okosio 70 MM; B HaJA3€pHOBOM IPOCTPaH-
CTBE — TOCEPEIMHE MEXITy KpBIIICH U 3ep-
HOM Ha pacctostHuu okosio 200-300 mm ot
KPBIIIH ¥ Ha TIOBEPXHOCTH 3epHa. CHApYKU
PETUCTPATOPBl  yCTAHABJIMBAJIKMCH — OKOJIO
CHJIOCA C CEBEPHOI CTOPOHBI Ha BHICOTE
1,5-2,0 m ot 3emiu. [TorpemHocTs n3mepe-
HUsI TeMIleparypsl, B ananasoHe ot —40 °C
1o +70 °C, cocrasnsuia He 6onee 2 °C; 110-
TPEITHOCTh HM3MEPEHHUs]  OTHOCHTEITBHOM
BJIIAYKHOCTH, B quana3one oT 10 % mo 95 %,
cocranisiia He 6onee 5 %.

[Ipu aHanm3e AaHHBIX TEMIIEPATyPHI
U OTHOCHTEIIEHOUW BIaKHOCTH, M3MEpEH-
HBIX PErucTparopamMu, IOMOIHUTEIHHO
pacCUMTHIBAIOCH Biarocomepskanme. Ilo
9TOMY ITOKA3aTeII0 MOYKHO OIICHUTD KOJIH-
YECTBO KOHJICHCATA, BBIMAJAIONICTO MPU
OXJIKJICHUU BO3AyXa.

I[ToMmuMO J@HHBIX PETHCTPATOPOB
HCIOJIB30BANUCh TTOKA3aHUS CHCTCMBI
MITaTHOTO MOHHUTOPHHTA TEMIIEPATyPHI,
YCTaHOBJICHHOW BHYTPHU 3€pHOBOM Mac-
cel B cuioce. HaOmrogenust ocyinecTs-
JSUTUCh B TE€X )K€ CHIIOCaX, B KOTOPBIX
OBUIM YCTAaHOBJICHBI PETUCTPATOPEI, U JI0-
MTOJIHUTEIILHO €III€ B MSATH BMECTUMOCTBIO
mo 10 000 T, 3amOJHEHHBIX MIICHHUIICH.
B onmHOM M3 pomojHWTENbHO HaOMIOMa-
E€MBIX CHJIOCOB 3a(MKCHPOBAH TPOIECC
CaMOCOTPEBaHUsl, MPEJICTABICHHBIN HUXKE
B paznene «Pe3yibTarhl UCCIETOBAHUS.
Ilokazanbsl TemmepaTrypbl, 3adUKCHPO-
BaHHBIC TaTIMKAaMH, YCTAHOBJICHHBIMH Ha
TEPMOTIOIBECKE B IIEHTPE CHIIOCA HA BBI-
core oT 1,0 go 13,0 m ot guuma. Paccros-
HUE MKy AaTuukaMu — 1,5 M.

TaOnuiy mpenenbHBIX 3HAYSHHUH OT-
HOCHUTEIFHONW BIQXXHOCTH BO3/IyXa IS
BEHTWJIMPOBAHUS pa3padaTbBaId IS
IMIICHUIBI U siuMeHs. [1pu 3TOM HCIONb-
30BaJIUCh JAHHBIC PABHOBECHOM BIAXKHO-
CTH, OITYOJMKOBAaHHbBIC B OHOM M3 HAILITUX
pabor, a Takxke 00IIeH3BECTHBIE TAOIUIIBI
W3MCHEHHSI OTHOCHUTEIBHOU BIAXKHOCTHU
BO3MyXa OT Temreparypsl [13—15]. Jlan-
HbIe IS SYMCHS MOXKHO KCIIOJIb30BaTh
JUISL PoKU, PABHOBECHBIC 3HAYCHMS BIIAXK-
HOCTH 3THUX KYJBTYp IPaKTUYCCKHU OJIUHA-
KOBEIE.
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Pe3ynbTarthl ucciienoBaHusA

B rtabmuie 2 npenacraBiieHbl pe3yiib-
TaThl A3POJMHAMUYCCKUX UCTIbITaHuH. U3
JTAHHBIX TAOIHIIBI 2, PaKTHIECKUX TTOTEPh
NaBJICHUS, ONpPEICICHBI SMITHPUICCKHEC
K03 hUIIHEHTHI 715 3epHa con (4 = 0,22;
n=1,10).

Pacxoxxnenuss MeXIy pacueTHBIMU
U (aKTUYECKUMU 3HAYCHUSMHU TIOTEPh
JIaBJIeHUsl He mpeBblLaoT 15 %. J1o no-
ITyCTAMO JIJISl HTHKEHEPHBIX PacueTOB BEH-
THIUPOBAHUS 3epHA 110 Gopmyre (1).

Hcnonb3yss 3Ty Qopmyly, MOMKHO
OIHUCAaTh JMIOPY CKOPOCTEil BO3myxa Ha
CpaHULE BBIXOAA U3 3€PHOBOM MAacCChI OT
[IEHTpa CHJIOCA /IO CTEHBI CIETYIOIINM
ypaBHEHHUEM:

v, =expn(InP —Ind — In(h + (R — x)tga)), (2)

e v — CKOpOCTb q)HEILTpauHI/I BO3/yXa
Ha BBIXOJIE U3 36pHOBOI MacChl Ha paccTo-
SHUM X OT LIEHTpa cuioca, M/c; P — naB-
JICHWE BO3/yXa B HIKHEH 4acTH HACBHIIHN,
I1a; 4 — BBICOTA CTI0S 3epHA OKOJIO BEPTH-
KaJIbHOM CTEHKHU cujioca, MM; R — paju-
yC cUJI0Ca, MM; X — IIepeMeHHasl BEeJIN4H-
Ha pacCcTOSHMS OT LEHTPa CHJIoca JI0 €To
CTEHKH, MM; 0. — YTOJI €CTECTBEHHOIO OT-
KOCa 3epHa, rpaf.

Ha pucynke 2 mpuBeneHsl rpaduku
W3MEHEHUS CKOpOCTel (puibTpanuu BO3-
JlyXa OT LIEHTpa A0 CTEHKH B JBYX CHJIO-
cax. [Ipu GonpLIei BBICOTE CIIOS CKOPOCTh
¢GuIbTpanryu MEHBIIE M MEHbIIE PAacXon
Bo31yxa. OKOJIO CTEHKH CHJIOCA CKOPOCTh
BO3/yXa OIMHAKOBA JJISl CUIOCOB Pa3Iny-
HOTO TMaMeTpa, €CIIM B HUX OJIMHAKOBbIC
BBICOTHI 3¢PHOBOW Macchl U IaBJIEHUE T10]T

Tabnauma?2
Table2

CpaBHeHHe PacUeTHBIX U IKCIIEPHMEHTAJIBHBIX 3HAYEHMIl 0TepPb 1aBJIEHUs BO3AyXa
B Pa3JIMYHBIX 3¢PHOBBIX KYJbTYPaX IPH BEHTHIHNPOBAHHH €O CKOPOCThIO MeHee 0,15 m/c

Comparison of calculated and experimental values of air pressure losses in different grain crops
during ventilation with speed less than 0.15 m/s

Ioteps nasnenus AP, Ila / . Tosmuna

V. wle PrFE’ESSIl[lI‘e loss AP, Pa 3epnosas kyetypa / Grain crop %ﬁfc[i(lr\gs ; h;[ae;g}lpllj;{w /e %?:c?

®daxtuyeckoe / | Pacuernoe / | Haumenosanue / | Bmakxocms/ | of a layer, of measurement of

Actual Settlement Name Humidity mm pressure
0,033 320 310 nmenuna / wheat 13,5 2950
0,027 220 233 nmennna / wheat 13,5 2950
0,021 160 160 mirenuna / wheat 13,5 2950
0,038 170 174 cost / soy 7,0 3000 |!epenan napnenus
0,028 120 129 cost / soy 7,0 3000 ﬁ;ﬁfggg}g‘r‘gscs‘g;ﬁ
0,016 70 71 cosi / soy 7,0 3000 drop in metal silo
0,038 130 117 cost / soy 7,0 2 000
0,028 90 86 cosi / soy 7,0 2 000
0,016 50 47 cosi / soy 7,0 2 000
0,026 50 45 oBec / oats 13,8 500 B HISKHEM Clloe
0,033 1080 1078 nenuna / wheat 13,5 10 250 3epHa B cuioce /
0,027 870 808 nurennua / wheat 13,5 10250 | In the lower layer
0,021 630 567 nuennna / wheat 13,5 10250 | of graininsilo
0,030 12 10 cosi / soy 6,0 220 B HmxHem
0,090 39 34 cosi / soy 6,0 220 CJIOC 3¢pHa
0,150 68 59 cos / soy 6,0 220 B J1a00PATOPHBIX
0,030 90 91 mmenuna / wheat 11,3 1 000 yclggfel/;ﬂlz / elrn Ot?e
0,050 193 191 nmennna / wheat 11,3 1000 | grain in lagoratory
0,060 241 248 nenuna / wheat 11,3 1 000 conditions
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P u c. 2. 3menenue ckopocteil Bo3yxa Ha HOBEPXHOCTH 36pPHOBOI MacChl B CHIIOCAX JUAMETPOM
12,5 M u 28,3 M pu BeICOTE 3epHA OKOJIO cTeH 15 M 1 20 M 1 1aBIeHUU BO3AyXa B HIDKHEH 4acTH
Haceinu 2 500 [Ta

Fig. 2. Air velocities on the surface of the grain mass in silo with diameter of 12.5 m and 28.3 m
at grain heights near the walls of 15 m and 20 m and air pressure in the lower part of the fill of 2,500 Pa

peretkoi. B cuiiocax ¢ GonbiimMm nuame-
TPOM HMeeTcsl OONbIIUi pa3dpoc 3Haue-
HUU cKOpocTell (PHIBTpayy 1O IMOBEPX-
HOCTH 3€PHOBOI MaccChl.

[t yCTaHOBIIEHUSI KPUTHUECKOM CKO-
pocTu GUWIBTPAIIUY B IEHTPATbHON YaCTH
cuiioca Tpedyercs JONOIHUTEIbHBIN 00b-
€M BO3[lyXa C YYETOM HEPaBHOMEPHOCTHU
pacrpejieneHus B 3epHOBOM macce. Pac-
X0l BO3[yXa JIOJKEH COOTBETCTBOBATH
CPE/IHEB3BEIICHHONW CKOPOCTH (QHIIBTpa-
Uy B cuioce. /laBieHue B HUKHEM CIIoe
JIOJIKHO COOTBETCTBOBaTh KPUTHUYECKOM
CKOPOCTH B LIEHTPAJIbHON YaCcTH CUJIOCA.

MakcuMmalibHOE JaBJIICHHE BO3yXa
B HUJKHEM CJI0€ 3€pHA MO>KHO BBIYHMCIIUTh
o hopmysie:

P=981-AH+R"tga) v, (3)

Processes and machines of agroengineering systems

rae H — BbICOTa BEPTHKAIBHOW CTCHKH
CWJIOCA, MM; V — KPUTHYECKasi CKOPOCTh
(upTpanun, M/C.

IToncraBuB BeIpakeHue (3) B ypaBHe-
Hue (2), MONyYrM CIETYIOIIYI0 3aBUCH-
MOCTDb JIs1 BBIYUCJIICHUSA CPECAHCB3BCIICH-
HOW CKOPOCTU (DUIIBTPALIUU:

v=expn ' (n-lnv+In(H+R-tga)—
-In(h+R-X)-tga), 4)

rae X — KoopauHara CpeJHEB3BEIICHHON
CKOpOCTU (DUIIBTPALIAU, MM.

R Tv(x) dx.

0

V=

)
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Koopnunary cpenHeB3BelIeHHOH CcKo-
poct (pUIBTPAIA BBIYUCIISUTH, UCIIOb-
ys dopmyny (4) n dopmyny (5) s
CHUJIOCOB nmuaMeTpoM oT 8 mo 40 M mpu
paBEHCTBE BHICOT 3€pHOBOTO CJIOS M CTEH-
KM cujioca B auamna3one ot 15 no 20 wm.
KoopanHara mpakTu4ecku He 3aBUCHUT OT
BBICOTBHI CTEHKH, M3MEHSETCS B CHIIOCAX
pa3IMYHOTO TUaMeTpa. 3Ha4eHUs KOoop-
JIUHATHI, TIOJTYYEHHON pacyeToM IS CH-
JIOCOB C Pa3UYHBIMU THAMETPaMHU, MpeI-
cTaBJIeHbI B Ta0MLIE 3.

Ha pucynke 3 mpencrasiieH ciaydvail
BO3HUKHOBEHHSI CaMOCOTPEBaHUsl 3€pHa
B IIEHTPE HIDKHEH YaCTH METALTHIECKOTO
CHJIOCA, 3aII0JTHEHHOTO 3€PHOM IIICHUIIBI
Maccoit oxoso 9 000 T.

C 22 no 26 sHBapsa B CJ0€ BBICOTOU
no 7,0 M (mSATh JaTYMKOB CJIeBa Harpa-
BO) OT JIHWIIA B IIEHTpe cmioca (puc. 3)
MPOU3OIILIO TIOBBIIEHHE TEMIIepaTyphl.
B crnosx, mexamux BEIIIE, TOBBIIICHHE
TeMIepaTypsl He Habmromanock. B croe
BBICOTOM 710 2,5 M OT JHUIIA TeMIIepa-
Typa noBbicuiack Oonee yem Ha 20 °C.
B cnoe Bricotoit ot 2,5 mo 7,0 M Temie-
parypa moBbIcuiack Oosee dyem Ha 7 °C.
Uepes Tpoe CYyTOK 29 sTHBaps MPOU3OIILIO
caMoCorpeBaHue B cjoe BbicoTol oT 7,0
o 8,5 M, TemrmepaTrypa MOBBICHIIACH Ha
40 °C. 3arem B TeueHnue 1-2 cyTok camo-
COrpeBaHre Pa3BHIOCHh B HUKHUX CIIOSIX.
DTOT MpoIecC B peaNbHBIX YCIOBUSIX MO-
KET pa3BUBATbCA CKOPOTEYHO, B TEUEHHE
OlIHOW Henenu. B Harperom cocTostHuu
3epHO HaXOAWIIOCHh 710 21 (eBpais, 10 ero

BBITPY3KM W3 cuiioca. B maHHOM cmioce
OCYILECTBIISUICS. BU3YaJbHBIH KOHTPOJb
TEMIIEPaTyphl 10 MOKa3aHUAM JIaTYHKOB,
OJTHAKO WCCIIEIOBATENN TIO3HO Cpearu-
poBaM Ha TIOBBIIICHUE TEMIIEPaTyPhl
Y BKJIIOYMJIA aKTHBHOE BEHTHUJIMPOBAHHE.
Cunoc ObUT 000PYIOBaH YETHIPbMS BEH-
TWIATOPaMU ¢ 00IIel MPOU3BOAUTEILHO-
ctoio cBbime 80 000 m*/4. B manHOM city-
Yyae UMeJ MECTO YelIOBeUeCKU (hakTop.
Ha pucyHkax HHXKe TIpeJCcTaBICHBI
WU3MEHEHUS OTHOCHUTEIBHOM  BIAXKHO-
ctu (puc. 4), Bnarocoaepxkanus (puc. 5)
U TeMieparypsl (puc. 6) Bo3lyxa cHapy-
KU ¥ TIOZ] KPBITIIeH CHIT0Ca BMECTUMOCTBIO
10 000 T 3a mepwox Habmromenwmii ¢ 11:00
12 saBaps 1o 18:00 16 suBaps 2018 1.
OTOT TepHoA XapakTepeH TeM, YTO
UMEIOTCS. MMITYJIBCHl TIOBBIIICHUS] TEM-
neparypsl, BIAroCoOICpXaHusi U OTHOCH-
TETHHON BIAXKHOCTH B BO3IyXe Hall 3ep-
HOM, a Takxke mepuox 100 % BrakHOCTH
BO3llyxa CHapyxku. V3 mpencTaBIeHHBIX
JAHHBIX CJEIYeT, 4YTo Hanboiee OnacHbI-
MU SIBISIIOTCS UMITYJIBCBI BBIOpOCA Teria
B HaJ3€PHOBOE MPOCTPAHCTBO IOJ KPBI-
mry. B KparkoBpeMeHHBIE TEPHOIBI T10-
BEIIICHUST TEMIEpaTypbl B HaI3ePHOBOM
MPOCTpaHCTBE (pUC. 6) MPOUCXOIUT YB-
JaXxHeHue Bo3ayxa, nocturatommee 100 %
(puc. 4). Ilocne mpekpaieHus BbIOpoca
TeIla MPOUCXOAMUT OXJIAKICHUE BO3IY-
Xa, U3 KOTOPOTO BBINAJAeT MaKCHMallb-
HOE KOJMYeCTBO KoHAeHcara. Hampumep,
c 21:00 12 suBaps mo 7:00 13 suBaps
BJIarocojiep’kaHue B OJHOM KyOHWYecKOM

Tabnuma3l
Table3

3HaueHust KOOpAMHATLI CpeHHeBSBelﬂeHHOﬁ CKOpPOCTH q)vmpraunn BO31yXxa B CHJI0CaxX
Pa3ii4HOrO THaMeTpa

Values of coordinate of weighted average air filtration speed in silos of different diameter

Koopannara Jwuametp cunoca, M / Silo diameter, m
CpeIHEeB3BEUICHHON
CKOPOCTH (UIBTpALIUH /
Weighted average filter rate <10 10-20 20-30 >30
coordinate
X" 0,50R 0,55R 0,60R 0,65R
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P u c. 3. CamocorpeBanue 3epHa NIIEHUIbI B METAJUIMYECKOM cuiioce. KpacHbIM BbIICICHBI

Fig. 3. Self-heating wheat grain in metal silo. Temperatures above 40 °C are highlighted in red
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P u c. 4. I3meHeHne OTHOCUTEIBHOM BIQXKHOCTU BO3AyXa: 1 — Hajl 3epHOM; 2 — CHapy KU
Fig. 4. Change of relative air humidity: 1 — above grain; 2 — outside
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P u c. 5. Usmenenne Bnarocomepxanus Bo3ayxa: | — Hajl 3epHOM; 2 — CHApyKH
Fig. 5. Change of air moisture content: 1 — above grain; 2 — outside
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P u c. 6. I3menenue temneparypsl Bo3ayxa: 1 — HaJ 3epHOM; 2 — CHApY»KHU; 3 — B IOBEPXHOCTHOM CJIO€
Ha D1yOuHe okojo 70 MM

Fig. 6. Air temperature change: 1 — above grain; 2 — outside; 3 — in the surface layer at a depth
of about 70 mm
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METpe BO3IyXa HaJ 3€pPHOM YMEHBIIU-
nock ¢ 71 10 2 T (puc. 5). MoxHO mipen-
MOJIOKUTh, YTO M3 OAHOTO KyOHM4eCcKOro
METpa BO3/1yXa HaJA3€pHOBOIO MPOCTPAH-
CTBa BBINAJIO OKOJIO 5 T KOHAeHcara. [Ipu
100 % Bna)XHOCTH CHApy’>KU BO3JYX BHY-
TpH BEpXHEH YacTH CHJIOCa UMEET TaKue
JKE TOKa3aTeld BIaKHOCTH, TEMIepary-
PBI U BIArocofiep’kaHus, Kak B aTMocde-
pe cHapyxu. B 3T0T nepuon Bo3ayx monm
KPBIIICH HACKIIIAaeTCs BIaroi (puc. 4), HO
HE MIPOUCXOJIUT €ro OXJIAKIAeHUE (puc. 6).
[TosTomy 0Opa3oBaHue KOHIEHCATa MAJIO-
BEPOSITHO.

Hexotopsle uccnenosarenn o00CHO-
BBIBAIOT YBJIAXXHCHUE IIOBEPXHOCTHO-
ro CJOs HaJu4YHeM KOHBEKIIMH BHYTPH
METaJUIMYECKUX CHUIOCOB. ABTOPBI OT-
MEUYalT, YTO B pe3yjibTare IepenanoB
TEeMIIepaTyp MEXIy 3E€pHOBOW Maccoi
u atMoc(epoil MPOUCXOIUT MPOLECC Bia-
rornepeHoca U, BO3MOXKHO, OTIOTEBaHHE
W yBIQ)XHEHHE BepxHero ciosd. B pabote
YTOUHSIETCS, YTO KOHBEKTHUBHBIC IOTOKH
BO3JyXa MMEIOT MECTO B HEBEHTWIUPY-
eMbIX MeTaJUIM4ecKux cuiocax. Cuo-
Cbl Ul XpaHEHMs 3€pHA B BEpXHEH da-
CTH M BHHU3Y COEIOUHEHBI C arMocgepoi
(puc. 1). B BepxHeli yacTu BHYTPEHHHI
00beM cHJIOCa COCAMHEH ¢ arMocgepoi
4yepe3 KOJIbLIEBOH 3a30p MEXK/y BEpPTHKAIb-
HOW CTEHKOM W KpBbIIIEH, BHU3Y — uepes
BEeHTWISILIMOHHYIO yCTaHOBKY. [Ipu Takoi
KOHCTPYKLUH CHJIOCOB, UIMEIOIIUX BBICOTY
ooitee 20 M, B HUX BO3BMOKHO €CTECTBEHHOE
BEHTUJIMPOBaHKE 3epHa. Hannumem storo
npolecca MOKHO OOBSICHHTH KpaTKOBpe-
MEHHBIE (HECKOJIBKO YaCOB) UMITYJIBCHI I10-
BBILICHHS TEMIIEpaTypsl 1o kpeiei. 1o
JAHHBIM, NIPEICTABICHHBIM Ha PUCYHKE 0,
He HaOJIIO/IaeTCsl 3aBUCHMOCTH TEMITepary-
PBI HaJl 3¢PHOM OT TEMITEPaTypbl CHAPYKH.
[oBbImeHne TeMmepaTypbl Haa 3epHOM 10
5-8 °C (kpuBas 1) npoucxomuiao He3aBu-
CHMO OT KOJIe€OaHUH TeMIepaTypsl CHapy-
xu oT —5 10 —17 °C (xpuBas 2). Ecou 061
B CHJIOCE IMEJTH MECTO TOJIBKO KOHBEKTHB-
HBIE TOKH, TO MAaKCUMAaJIbHOE TIOBBIIICHHE
TeMIlepaTypbl HaJ 3epHOM MOXXHO OBLIO
OBl OKMIATh [TPY MAKCUMAJIbHOM HOHMKE-

Processes and machines of agroengineering systems

HHUM TEMIIEpaTypbl cHapy:xu. B atom ciy-
yae MakCUMaJlbHas Pa3HOCTh TEMIIEPaTyp
MEXKIy TEIJIbIM BO3IYXOM BHYTPH 3€pHa
1 XOJIOMHBIM BO3/1yXOM CHapy»xu. B peas-
HOM CHJIOCE TaKOr'o U3MEHEHHS He HaOIo-
Jlaercsl.

B cunoce mnpoucxoaut snuzoanye-
CKOE€ JIBHDKEHHE BO3[IyXa CHH3Y BBEpX.
Beimenexxamue cinou 3epHa MOAOTpeBa-
IOTCSl TEIUIOM HWKHUX. J1s1 MOHUMaHus
3TOTO TpOIlecca MHTEPEC MPEACTaBISIOT
HaOJIO/IEHUs 3a TeMIepaTypoil BEpXHETo
cios 3epHa Ha Tiryoune 70 MM OT MoBepX-
HocTH (puc. 6, xpuBas 3). B nuanazone
MEepUOAOB ABMXKEHUs Bozayxa ¢ 11:00
12 staBapst mo 20:00 14 sHBaps Temmepa-
Typa BEpXHETO CJIOA NMPAKTUYECKH HE U3-
MEHSJIach U cocTapisuia okoso 7 °C mpu
HapyKHOM oTpunarensHoil — no —17 °C
(puc. 6, xpusas 2). B nepuon paBHOBe-
CHsl, IPH PAaBEHCTBE TEMIIEPATYP CHAPYKU
1 TIOJT KpBIIIel (OTpUIIaTeIbHBIX OT —1 10
-9 °C), nabmonaeTcsi OXJIaKJICHUE BEpX-
Hero cnos. Ilpu mocneayromeM JBUKE-
HHUH BO3/lyXa BHOBB MOBBIIIAETCS TEMIIC-
parypa BEpXHEro cJ0sl 3epHa.

B coorBeTcTBHY € N3BECTHBIMU (DU3H-
YECKMMH CBOWCTBAMU BO3IYX ABHKETCS
yepe3 3epHOBYIO MacCy BCIEICTBUE pas-
HOCTHU JIaBJICHUI B BEpXHEU M HWKHEN
YacTsX CUIIOCAa M Pa3HOCTH TeMIeparyp
MEXKIY 3€PHOM M BO3AYXOM CHAPYXH.
HauOosee MHTEHCHBHOE NIBHXEHHE BO3-
JyXa BBEpPX IIPOMCXOIUT IPU COBIANECHUU
HaTpaBICHUH adPONMHAMHYECKHX CHII
Y KOHBEKIIUH TI0 aHAJIOTUH C BEHTHIMPO-
BaHHMEM MOTPEOOB, TONKH MEYEH U T. .

KonBekuusi B cuiioce NOITBEpKAa-
ercs TeM OOCTOSATENIbCTBOM, YTO BO3ILYX
HOZl KPBIIIEH OXJNaXIOaeTcs He A0 TeMIle-
parypsl armocepsl, a Ha 4-5 °C Bbie
(puc. 6, xpussle 1 u 2). TakoBa cocTaBis-
IOIIasl KOHBEKIMH B TIOBBILICHUU TEMIIe-
partypsl HaJ 3epHOM. MeTajunyeckue cH-
Jocsl Oosee rabapuTHBIE, IO3TOMY B HUX
OTCYTCTBYET YCTOWYHMBOE ABHKEHHE BO3-
nyxa. Pa3HOCTh aBIIEHMA BHU3Y U BBEPXY
CHJIOCa BO3HMKAET BCJIEJCTBHE COBIajIe-
HHS B ONpPEIEICHHOM COYETAHUH MHOTHX
¢akTopoB B armochepe. Hanpumep, nas-
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JIEHHE BO3/lyXa BHU3Y YBEJIUUYUBACTCS MIPU
MOBBIIIICHUN €T0 TUIOTHOCTH, 3aBHCAIICH
oT aOCOIIOTHOTO JIABJICHUS, BIAr0OCOAEp-
xKaHusg W Jpyrux (akropos. JlaBmeHue
BO3/yXa BBEPXY CHI)KAETCS MPU YMEHb-
IIEHUH €ro TUIOTHOCTH BCIIEACTBHE Ha-
TpeBa, a TaKKe 3aBHCUT OT BO3JCHCTBUS
3aBUXPEHUH, BO3HHMKAIOUIMX IIPU 00Iy-
BE BETPOM KPBIINIH. 3aBUXPEHUS MOTYT
OTHOBPEMEHHO WM IOPO3Hb C Pa3HBIX
CTOPOH CHJIOCA CO3/1aBaTh H30BITOUHOE
JaBIICHUE WJIH paspexkenue. M30bTounoe
JIaBJIEHUE MPETATCTBYET BBIXOJY BO3IyXa
U3 CHJIOCA, a Pa3pekeHHE CIIOCOOCTBYET
BEITSDKKE. XapakTep 3aBUXpEHUH 3aBU-
CHUT OT CKOPOCTH W HaIlpaBIIeHHs BETpa,
a’dpOTEHEH, OT APYIUX 37aHUMN, pacroyio-
JKCHHBIX Ha TEPPUTOPHH, U Ipyrux (ak-
TopoB. [Ipu GnaronpusiTHOM COBIaJeHUN
BBIIICTIEPEYUCIICHHOTO TIPOUCXOMAT JBU-
KEHHE BO3/lyXa BHYTPH CHIJIOCA W U3Me-
HEHUS B HA/I36PHOBOM TPOCTPAHCTBE TIO]
Kpeimeil. OHaKo COBIACHUS CITyYaiHbI,
MO3TOMY CITy4aiHbI U BRIOPOCHI TeTia U3
3epHOBOI Macchl. AHaJOTMYHBIN TpoIiece
JBWKCHHS BO3yXa HaOIIOalCs B CHIOCE
BMectumocTbio 2 000 T [12; 13]. [pen-
YCMOTpPETh BJIHSIHHE BCeX (PAKTOpOB Ha
M3MEHEHHS TeMIIepaTypHO-BIaKHOCTHBIX
MapaMeTpoB BO3yXa BHYTPH CHJIOCA MIPH
XpaHEHUH 3€pHa HE MPEACTaBISAETCS BO3-
MOYKHBIM.

B curoce He MPOMCXOMUT JBIKEHHUS
Bo3myxa pu 100 % BIaKHOCTH CHapyKH.
B stom cimydae BO3AyX B HAaJa3€pHOBOM
MIPOCTPAHCTBE HMEET TaKylo >K€ BIaXkK-
HOCTbh M TaKylo K€ MaKCUMAaJbHYIO IUIOT-
HOCTh, KaK CHapyxu. He mmeercs pasHo-
CTU JABJICHUM BO3MyXa MEXIY BEpXHEU
W HIDKHEW YacTsIMH CHJIOCa, HO MIMEETCS
pa3sHOCTh TEMIeparyp MeXIy 3epHOM
u armocdepoii. Temneparypa BHyTpH 3ep-
HOBOI Macchl Ha BelcoTe OT 7 10 13 M co-
ctaBisuia ot 14 1o 22 °C, a cHapy»XH TeM-
neparypa Oblia oTpuIlaTensHast, oT —1 110
-9 °C. [laanbie rpadKoB U3MEHEHUS TEM-

neparypbl BHyTPH 36pHOBOI MacChl B 3TOM
cuioce omyonukoBaHbl paHee®. TLIOTHBIM
BO3/yX HaJl 36PHOM TPEISATCTBYET JIBHIKE-
HUIO OOJIee TETIOro U JIETKOTO BO3/yXa U3
DTyOHHBI 36PHOBON MaCCHI.

B Tabnuue 4 npencraBieHbl Mpeaeib-
HbIE 3HAUEHHS OTHOCHTEIBHOW BIIA)KHO-
CTH BO3[yXd, HCIOJIb30BAaHHE KOTOPOTO
HE TIPUBEJIET K TOBBIMICHUIO BIAXKHOCTH
3epHa NpH BeHTWIHpoBaHuu. [Ipu mpo-
XOXJICHUH 4epe3 3epHOBYIO Maccy Ipo-
HCXOJIUT HArpeB aTMoc(EepHOro BO3/yXa,
B KOTOPOM, CIIEIOBATEIbHO, YMEHBIIAETCS
OTHOCHTEIbHAs BIaXXHOCTh. HarpeBaercs
BO3MIyX JI0 TEMIIEPaTyphl 3epHA B KOHIIE
BEHTHJIMPOBAHHUSI, 3HAYCHUE KOTOPOI BbI-
YUCIISIOCH 110 cienyromei Gopmyie [13]:

T.=03-T,+0,71,

e T — KOHEYHas TEMIEparypa 3epHa
nocne oxnaxaenus, °C; T — HavanbHas
TeMrieparypa 3epHa, °C; ¢t — Temmneparypa
Hapy>KHOTro Bo3ayxa, °C.

PaBHOBecHast BIaXXHOCTh 3€pHA, KO-
TOpasi yCTaHABIMBAETCS 10 OKOHYAHUH
BEHTHJINPOBAHUS, HE JIOJDKHA TPEBbIIIATH
HCXOJIHYIO BJIQXHOCTb. [[1s1 3epHa ¢ 3a-
JIAHHBIMU TapaMeTpamMu B KOHIIC BEHTH-
JTUpoBaHMs B Talmuie 4 onpenelsiach
MaKCUMAIIbHO [[OIyCTHMasi OTHOCHTEIb-
Hasi BIIAXXHOCTHb BO3AyXa B CHJIOCE IIO
Tabnuie paBHOBECHOU BiIakHOCTH. Ilpe-
JIeNbHAs BIaKHOCTh HAPYKHOTO BO3IyXa
BBIUUCIISUIACH TIO OOIIEH3BECTHBIM (Op-
MyJaM IepPEeCcUueTOM BIIAXKHOCTU BO3/yXa
BHYTPH CHJIOCA JUIS OOJIee HU3KUX TeMIIe-
paryp cHapyxu.

Hanpumep, mnpm  BEHTHIMPOBAHUH
3epHa MIICHUIIBI, MUMEIOIIEH TemIepary-
py 15 °C u Bnaxsocts 12 %, BO3qyXOM
¢ temnepatypoit 0 °C U OTHOCUTENBHOU
BJIAXKHOCTBbIO 60 % IpPOM3OUIET CHUXKE-
HUE TeMIepaTypbl 3epHa W TOBBINICHHUE
TeMriepatypsl Bo3ayxa 1o 5 °C. Takoe mo-
BBIIICHUE TEMIICPATyPhl B CHJIOCE CHU3HT

3 PazBoporHeB A. C., laBpuuenkos FO. JI. V3menenue temreparypbl BHYTPU 3€pPHOBOI MacChl
TIIICHHUIIBI TPU XPAHEHUU B METAIUTMYECKOM CHiIoce Oomnbinoi BMectumocTH // COOpHUK TpynoB K 90-e-

turo BHUM3. M., 2019. C. 166-170.
246

Hpoueccw U MAawuHbl ACPOUHICEHEPHBIX CUCmEM



Vol. 30, no. 2. 2020 ENGINEERING TECHNOLOGIES AND SYSTEMS

Tabnunad
Table4

IIpenenbHbIe 3HAYEHUSI OTHOCUTEIBHOI BJIAKHOCTH aTMOC(EPHOro BO3AyXAa A5 OXJIaKICHUS
3epHa Pa3/IMYHOIl BJIAKHOCTHIO B METANIMYECKOM CHJIOCE

Limit values of relative humidity of atmospheric air for grain cooling with different humidity
in metal silo

Temmneparypa TeMnepa:)Typa Braxnocts 3epra / Humidity of grain
arMocdepHoro sepra, °C /
Bo31yXa, °C / Tempgratt:re <12% 12-13 % 13-14 %
Atmospheric air of grain, °C
temperature, °C Haan.H_,Haﬂ/ KOngHaﬂ/ TTmenumna / | Slumens / |TTmenva /[ STumens /| Minenma / | STumens /
Initial Final Wheat Barley | Wheat | Barley | Wheat | Barley
15 -2 70 60 70 65 75 70
1 20 -1 70 60 70 65 75 70
15 -2 65 60 70 65 75 70
10 20 -1 65 60 70 65 75 70
15 1 65 55 70 65 75 70
-5 20 3 62 55 70 65 73 70
25 4 60 55 70 65 73 65
15 5 60 55 70 65 70 65
20 6 60 53 68 65 70 65
0 25 8 60 53 68 63 70 65
30 9 60 51 68 63 70 65
15 8 60 53 68 63 70 65
20 10 60 50 65 60 70 65
° 25 11 58 50 65 60 70 65
30 13 58 50 65 60 70 65
15 11 58 50 65 58 70 65
20 13 58 50 65 58 70 65
10 25 14 55 50 65 55 70 65
30 16 55 50 65 55 70 65
20 17 52 48 63 55 68 65
s 25 18 52 48 63 55 68 63
30 20 50 45 62 53 65 63
35 21 50 45 60 50 65 60
BJIA)XKHOCTB aTMOC(l)CpHOFO BO3AyXa nO0 B IEpBOM BapHUaAHTC JJIsd Ka)K,I[Oﬁ
45 %, mpu KOTOpPOW paBHOBECHAsl BIAX- 3E€PHOBOW KYIBTYpPHI M Ta0apUTHBIX pa3-
HOCTb 3€pHa HE MPEBLICUT UCXOIHYIO. MEpOB CHJIOCAa HEOOXOAUM BEHTHIIATOP,
OO0cyskaeHue U 3aKJII0YeHUe a’poIMHAMHYECKas XapaKTepUCTHKa KO-

BoinonHuTh  0€30MacHOE aKTUBHOE TOPOrO COOTBETCTBYET a’3pOJMHAMHUKE
BEHTUJIMPOBAHUE 3€pHA BO3MOXHO TPU 3E€PHOBOM KYJIBTYphI, 3aJI0)KCHHOM Ha
pa3IMYHBIX BAPUAHTAX TEXHOJIOTHUH. xpaHeHne. Takasi TEXHOJIOTHYECKas CcXe-
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Ma CO3/1aeT psii HeynoOCTB B SKCILTyaTa-
LU ¥ TOBBIIIACT KalUTAJIbHBIC U TEKY-
mue 3aTpaTtsl. HeynobcTBa 3akiouaroTcst
B TOM, 4TO B IPOILIECCE HOATOTOBKH 3€p-
HOXPAaHWJINI] K TNpPHEMKE HOBOTO YpO-
JKasi He TIPEJCTaBIsETCS BO3MOMKHBIM
MIPOrHO3UPOBATh HOMEHKJIATYpy U KOJIH-
YECTBO 1O KaXKIOW 3epHOBOM KYyJBTYpE.
KanuraneHble 3aTrparbl Ha NpUOOpETECHHE
JOIOJIHUTEJIBHOTO BEHTHIISILIHOHHOTO 000-
PYIOBaHHS M TEKYIIHe HAa MPUOOpETeHHE
3aMacHbBIX 4YacTed Oojee MIMPOKOH HO-
MEHKJIaTyphl yBEIUYATCSI.

Bo BTOpoMm BapuaHTe Ha KaXblid CH-
JIOC YCTAaHABJIMBAIOTCS OIMHAKOBBIC BECH-
THIISATOPBI, 00CCIIEINBAIOIITIE OE30TIaCHOE
BEHTHJINPOBAaHUE 3€PHOBOW KYIBTYpHI,
UMEIOIIeH a’pOoJIMHAMHUECKYI0 Xapak-
TEPUCTHKY C MaKCUMalbHBIMH Tapa-
MmeTpamu. [l BEHTHJIMPOBAHHS 3€pHA
C MEHBLIMMHU a3pOAMHAMUYECKUMH Napa-
METpPaMH APOCCEIIUPYIOT BO3AYXOBOIbI OT
BEHTHJIATOpA. DTOT BApUAHT UMEET TTOBbI-
IIEHHBIE 3aTPaThl JEKTPOIHEPTUH, KOTO-
pBI€ BO3PACTYT B HECKOJIBKO pa3. Mcrons-
30BaTh TaKyl0 TEXHOJOIUIO B IPAKTHUKE
HelleJIecoo0pasHo.

B TperpeM BapuaHTe mpeasaraercs
TEXHOJIOTHSI TIOJTOTOBKM BO3Ayxa (OX-
JMaXJeHue, TIOJCYIIMBaHNe), HarHera-
€MOT0 B 3€pHOBYIO Maccy, 0 KOHJULUH,
UCKIIIoYaronield oOpa3oBaHHE KOHJCHCA-
Ta [16-18]. DTa TEXHONOIrUsI PHEProeMm-
Ka U ee LeIeco00pa3Ho UCIO0Ib30BaTh BO
BJIQKHOM U JKapKOM KJIMMare.

ABTOpBI TpeJyIaraloT BapuaHT — pe-
TYJIUPOBaTh KOJMYECTBO HATHETAEMOTO
BO3/yXa M3MEHEHHEM MacChl BEHTUIIU-
pyemoro 3epHa. DTOT ciocod He TpeOyeT
3arpar, HO TpeOyeT 3HAHWH MO yIpasie-
HUIO BO3IYIIHBIM ITOTOKOM. YeM MeHbIIe
Macca 3epHa, TeM OOJbIle Pacxoja BO3IY-
xa. YcTaHaBIMBaeTCs 00beM BO3IyXa, IPU
KOTOPOM B HanOoJjiee Harpy>KeHHOH LeHT-
paJbHOM YacTH cuiioca 00ecIeuuBaeTCst
KPUTHUYECKasl CKOPOCTh (DUIIBTPaLIHU.

Ilpennaraemas TEXHOJOTHS aKTHUB-
HOTO BEHTHJINPOBAHHUs 3€pHa B MeETal-
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JUYECKUX CHIIOCAX 3aKJII0YaeTcs B clle-
JYIOIEM:

1. Merammuueckue CHIOCHI 000pY-
JIyFOT KOHTPOJIbHO-U3MEPUTENBHBIM IPH-
O6opom naBieHus Bozayxa. CHapyXH, Kak
MOKa3aHO Ha PHUCYHKE 1, yCTaHaBIMBAIOT
mudmanomerp, Hanmpumep AHMIL, s
M3MEpEeHUs Mepernaja aBICHUS BO3AyXa
B CJIO€ 3epHa TOMKMHON 3 M. HyokHsist Tou-
Ka 0TOOpa MaBIeHNS PAcTIONOXKeHa Ha pac-
CTOSTHUM HE MEHEee | M OT JTHHIIA CHIIOCA.

2. 1o Tabnuiie 4 ompenensroTcs mpe-
JIeJIbHBIE TapaMeTpbl HAPYHKHOTO BO3yXa
JUIsl BEeHTHIIMpOBaHus 3epHa. [lpu noctu-
JKEHUH ATUX [apaMEeTPOB B OKPYKAIOIIEM
BO3JlyX€ BEHTUJIMPYETCS 3€pHOBAsi Macca.
Ecnu TpeOyercst BEeHTHIIMPOBAaHUE BO3/Y-
XOM, HMMEIOUIMM OTHOCHUTEJIbHYIO BIIaX-
HOCTH OOJIbILIE MPEAeNbHO JOIMYCTHMOTO
3HAYCHMS B TaOIHLE 4, TO BOSMOXHO OIIe-
HUTbH TOBBILICHUE BJIAXHOCTH 3€pHA IO
caenmyromieit hopmyie:

AW=5-10%"(p,— ¢ ) AT+ ",
0y 9,

rne AW — mpupalienne BIaXHOCTH 3ep-
Ha, %; @, — (hakTHYecKasi OTHOCHUTEIbHAS
BIIAXKHOCTD arMocdepHoro Bozayxa, %;
¢, — JOMYCTHMAsi OTHOCHTENbHAs BIIAK-
HOCTB (u3 Tabmuiet 4), %; AT — pa3HOCTh
TEMIIEpaTyp 3epHa ¥ aTMOC(EpPHOTO BO3-
nyxa, °C; t — Temneparypa arMoc(hepHOTO
BO3IyXa, ©

JlonyckaeTcsi TIOBBIIICHUE BIIAKHO-
CTH B Tpeneiax MOTPeHIHOCTH H3Mepe-
uust, He oonee 0,5 %.

3. Borumcnsercs mo dopmyne (4)
3HAYE€HHE CPEIHEB3BEIIEHHONH CKOPOCTH
(¢buIBTpai BO3MyXa. 3aTeM — TIeperiaj
JIABJICHUS B CJIO€ TOJIIIMHOW 3 M 1O clie-
IyroteH gpopmyie:

AP=29430-4-v", (7)
rne AP — mnepenan AaBieHUs BO3/yXa
B cJI0€ ToJIIIuHOM 3 M, I1a.

4. BeHTWIATOP BKIJIFOYACTCS BPYUYHYIO.

Ecmu mepeman nmaBneHws Ha audMaHoO-
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MeTpe MOKaKeT 3Ha4eHHe MEHbIIE BBI-
yucineHHoro no ¢opmyne (7), To yMEHb-
HIaeTcsl Macca 3€pHa B CHJIOCE. 3€pHO
BBITPYKA€TCS B ONEPATHBHYK EMKOCTh
(IpelyCMOTPEHHYI0 B TEXHOJIOTHYECKON
cXeMe) WM B CBOOOAHBIM CHJIOC JIO TEX
1op, MOKa MOKa3aHue Ha TuMaHOMETpe
HE COBIAJET C BBIYUCICHHBIM 3HAUCHHUEM.
B sToM cimydae B 3epHOBYIO Maccy Oyner
MO/IaBaThCsl 00BEM BO3MyXa, OOECICUH-
BaIOIIMI KPUTHUYECKYIO CKOPOCThH (HHUIIb-
Tpauuu B ILEHTPAJIBHOM 4YacTH CHJIOCa
Y TapaHTUPOBAHHBIN BBIHOC BJIard 3a €ro
HPE/ACIbIL.

5. IIpu onacHOCTH BO3HUKHOBEHHMS Ca-
MOCOI'PEBaHUsI 3€PHOBOH MACChl €€ BEHTH-
JMPOBAHUE OCYIICCTBISIETCS MPU JIFOOBIX
MOTOJIHBIX YCITIOBUSIX. YUHUTHIBasi paHee
PacCMOTPEHHBIH Cllyyail caMOCOTpeBaHUs,
U C LENbI0 HCKJIIOYCHHUS YEJIOBEYECKOrO
¢axropa 1enecooOpa3Ho CUCTEMY MOHH-
TOPHHra TEMIIEPaTypbl BHYTPU 3€PHOBOM
Macchl 000pyY/IOBaTh CUTHAIM3AIMCH WU
YCTPOMCTBOM  aBTOMAaTH4YE€CKOI'O  BKIIFO-
YeHUsS BEHTHIISITOPOB. OTH YCTPOMCTBA
JOJDKHBI BKJIIOYATHCSl TNPU  TIOBBIICHUU
temrneparypsl Ha 7 °C u Oonee B TeUeHHE
2-3 cyTOK Ha ABYX W OoJlee maTdukax.

TexHONOTHS BEHTWJIMPOBAHUS HaJ-
3epHOBOTO TPOCTPAHCTBA 3aKIOYAETCS
B OTpe/IeNICHUH BPEMEHHU BKJIIOUEHHSI Oce-
BBIX (I10J] KpBILIE) BEHTHIATOPOB U MPO-
JOJDKUTEIBHOCTH UX paOoTel. BenTuim-
pOBaHME B HAA3EPHOBOM IIPOCTPAHCTBE
HEOOXOJIIMO OCYIIECTBIISITh B MEPUOIBI
HACBILIEHUs BJarod Bo3Ayxa. Bkiroue-
HHUE BEHTHJISITOPOB IO3BOJHUT HE TOJBKO
UCKJIIOYNTH KOH/ICHCAT, HO MHTEHCU(HULIU-
pOBaTh MPOLECC OXJIAXKACHUS U CHU3UTh
3arparbl. MOIIHOCTH OCEBOTO BEHTUIISITO-
pa He Oosee 1,5 kBT, MOIIHOCTh BEHTH-

JSATOpA JUIE AKTUBHOTO BEHTHIJIUPOBAHHS
He meHee 18 kBT. KommuectBo oceBbix
BEHTHJIATOPOB, KaK MPaBUIIO, PABHO KOJIH-
YECTBY HarHETAIOIINX.

CormacHO  pe3ynbTaraM  HCCIen0Ba-
HUM, IPUBEICHHBIM BbIIIE, MAKCUMaJIbHOE
HACBHIILEHHE BO3yXa BJAroil IMPOUCXO-
JUT B TIEPHOJIbI MOBBIIIEHHUS TeMIIepaTy-
pBI HaJl 3epHOM. BEHTHISATOPHI TOIKHEI
BKJIFOUATHhCSI M BBIKJIFOUATHCS aBTOMATH-
YECKH MPHU JOCTHKEHNH CIEAYIONUX CO-
OTHOIICHUH TeMmeparyp BHYTpU CHIIOCa
U CHapyXH.

1. Bkirodarorcss BEHTUIISITOPHI IIPH
MIPEBBIIIICHNN TEMIIEPaTypbl BHYTPH CH-
JI0Ca OTHOCUTENFHO TEMIIepaTyphbl CHapY-
kU HE MeHee yeM Ha 7 °C.

2. BBIKITIO4al0TCS BEHTHJIATOPHI MPH
YCTaHOBJIEHUH PA3HOCTH TemIleparyp He
ooxee 4 °C.

s BHeIpeHUs TEXHOJOTWU YIpaB-
JIEHWsI BO3AYIIHBIMH TIOTOKAMH BHYTPH
METaJNIMYECKIX CHIIOCOB TpeOyeTcs BbI-
MOJTHUTH  JIOTIOJTHUTENBHO — CIIEAYIOLIHe
UCCIIeIOBaHUs U pa3pabOTKH.

1. UccnenoBats mporecc copOIuu
U 7iecopOIIMy 3epHOM BJIard B JUHAMHYE-
CKOM pEeXHMME BEHTHJINPOBAHUS TPHU CKO-
pocTsix GuIbTpanuu BO3AyXa He Ooee
0,05 m/c. UMeroTcs maHHbIe €IMHHIHBIX
ONBITOB B 3TOM JHala3oHe CKOPOCTeH
Bo3ayxa* [19].

2. DKCIIEpUMEHTAIBHO ONPEACTUTH MU-
HUMAJIBHYIO CKOPOCTh (DHITBTpAInH, o0ec-
MEYMBAIOINLYI0 TapaHTUPOBAHHBIM  YHOC
BIAarM M3 HAJ3epHOBOIO MPOCTPAHCTBA
(KpUTHYECKYIO CKOPOCTB ).

3. Pazpaborare u UCHBITATh B MPO-
M3BOJICTBEHHBIX YCIOBHUAX OJIOK yIpaB-
JICHUST OCEBBIMH (KPBITITHBEIMHU ) BEHTHJIS-
TOpaMH.

* CopounHckuii B. ®@. KuneTtnka OXJaKICHHs 3¢pHA MOCIIE CYIIKH HA YCTAHOBKAX aKTHBHOTO BEH-
TUIIAPOBAHUS // AKTyaJbHbIE IPOOIEMBI CYIIKH U TEPMOBIXHOCTHOW 00pabOTKN MaTepHajIoB B pa3ind-
HBIX OTPACIISAX MPOMBIIUICHHOCTH ¥ arpoONPOMBIIIIIEHHOM KOMILIEKCe: COOPHUK HAayYHBIX CTaTei MepBbIX
MexayHaponHbix JIBIKOBCKUX HaydHBIX yTeHui (22—23 centsops 2015 ). Kypck: YHuBepcuTeTCKast KHU-

ra, 2015. C. 230-235.
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Bgeoenue. Tlo mporHo3zam SKCIEpTOB B OMKaMIIMe TOBI POCT MUPOBOTO PHIHKA Opra-
HUYECKOH MPOAYKIMK OyIeT MPOJOIDKATBCS CO CKOpOCThio 15-16 % B Tom m cocTaBUT
K 2025 roxy nopsiaxa 20 % OT MUPOBOTO PbIHKA BCEH CENbCKOXO3AHCTBEHHON NPOIYKIIUH.
B cBs131 ¢ 5TUM HHTEpEC BBI3BIBACT pa3pabOTKa JIEMEHTOB arpOTEXHOIOTHI MO HUCIIONb-
30BaHHIO TIOYBOY/TYUIIAIONIUX BEIIECTB U PETYJISTOPOB POCTA €CTECTBEHHOTO MPOHCXOXK-
JICHUS, B TOM YHCJI€ TyMHHOBBIX IIPETIapaToB, TO3BOJISIONINX ITOTyYaTh JOCTaTOYHO BBICO-
KHE ypOXau CeIbCKOXO035ICTBEHHON POAYKIIUH.

Mamepuaner u memoovl. Bblmu BCCIeOBaHBl COCOOBI MPUMEHEHNS! TYMHHOBBIX Mpe-
napatoB. O0beKTaMH J1a00pPaTOPHBIX UCCIIEIO0BAHUI SBISUTIUCH CEMEHa STYMEHSI SIPOBOTO.
[IpemapaTsl MPUMEHSUTICH KaK C HCHOJIB30BAaHUEM TPAANUIIMOHHOTO IOTYyCyXOro METOJa,
TaK ¥ C MMOMOIIBIO Pa3pabOTaHHOTO 00OPYAOBaHMs U 00pabOTKH CeMSIH TOPSYUM Ty-
MaHoM. [IpopaniuBanne cemsiH B 1aGOPaTOPHBIX YCIOBHSX OCYIIECTBISIIOCH COITIACHO
['OCTy 12038-84. JlanHble 1a00OpaTOPHBIX HCCIEAOBAaHHMN MOJBEPraluCh MaTeMaTHue-
CKOM 00pabOTKe METOZOM TUCTICPCHOHHOTO aHAIIH3a.

Pesynomamol uccredosanus. T1oayueHHbIe pe3yIbTaThl CBHASTEIBCTBYIOT O TOM, 4TO 00-
paboTKa CeMsIH TyMaTaMH CIIOCOOCTBOBAIIA ITOBHIIIEHHIO TIOCEBHBIX KAY€CTB HE3aBUCHMO
ot criocoba 06padoTky cemsiH. OHAKO CPAaBHUTENBHBIN aHaN3 3)(EKTHBHOCTH MIPUMe-
HEHUS [IPU TIPEANIOCEBHON 00pabOTKe CeMSIH TeCT-KYIBTYPBI a3PO030JIs ¥ TPaJUIIHOHHOTO
HOJIyCYXOro METOJa MOKa3all, YTO HCIIOJIb30BaHHE Pa3paboTaHHOrO 00OPYIOBAHUS I10-
3BOJIMJIO MOBBICHTH OMOJIOTHYECKYIO aKTHBHOCTH TYMHHOBBIX IIPEMapaToB, YTO MPHBEIO
K YBEIMYEHHUIO CHJIBI POCTa U OMOMETPUYECKHX MTOKa3aTesel IpOpPOCTKOB.

Obcyorcoenue u 3axnovenue. O6pabOTKa CEMSH SIMEHS SPOBOTO T'YMHHOBBIMH TIperiapa-
TaMM OKa3bIBaeT MOJIOKUTEIbHBIH d(PEKT Ha MOCEBHbIC U ypOXKallHbIe KauecTBa CEMsIH.
Hawnbonee cruitbHBIH TTOJTOKUTEIBHBIN PE3yIbTaT MOMydeH pu 00paboTKe CEMEHHOTO Ma-
Tepuaja ¢ HU3KUMHU MOCEBHBIMU Ka4eCTBAMH, KOTOPBIH MONYYalOT IPH YOOPKE CEMEHHBIX
YYacTKOB B TOJIBI C HEOIATONPUATHBIMH YCIOBUSIMU: TE(QUIUT TEIUIA, OOMIEHBIE OCAIKH,
a TaKk)Ke HapylIeHHe TEXHOJIOIUi yOOPKH U MOJATOTOBKU CeMSH. AHAIN3 PE3yIbTaTOB 3KC-
TIepHIMEHTAIILHBIX HCCIICJOBAHUI ITOKa3aJl, 4TO IIPUMEHEHNE pa3paboTaHHOTO yCTPOHCTBA
JU1sl 0OpabOTKHM CEMSTH TOPSIYMM TYMaHOM IO3BOJISIET CHU3HTh YHEPreTHYECKUE 3aTPaThl
U YBEJIUYUTH 3PPEKTUBHOCTH 00PaOOTKH.

Knroueswie cnoea: adpo3onbHas 00pabOTKa, TOPSIIM TyMaH, T'yMUHOBEIE TIpeTiaparsl, Ty-
Marthbl, IOCEBHbIE Ka4eCTBa CEMsH, IPEANOCceBHAs 00pabOTKa, yCTPOHCTBO A 00pabOTKH
ceMsH
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Jna yumuposanusn: Terepuna, O. A. BiusHue adpo3osbHON 00pabOTKH T'yMHHOBBI-
MH TIpernapaTaMy Ha MOCEBHBIC KadecTBa CeMsH 3epHOBBIX KyasTyp / O. A. TetepuHa,
B. C. Terepun, C. B. Mutpodanos [u ap.]. — DOI 10.15507/2658-4123.030.202002.254-
267 // UmxenepHble TexHONOTUH U cucTeMbl. — 2020. — T. 30, Ne 2. — C. 254-267.
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Introduction. According to experts, in the coming years, the world market of organic prod-
ucts will continue to grow at a rate of 15-16% per year. The growth will equal about 20%
of the world market of all agricultural products by 2025. In this connection, of a particular
interest is the development of elements of agricultural technologies for the use of soil-im-
proving substances and growth regulators of natural origin, including humic preparations,
which provide for sufficiently high yields of agricultural products.

Materials and Methods. The methods of using humic preparations were investigated on
the example of spring barley seeds, treated with the traditional semi-dry method and using
hot mist. Germination of seeds in the laboratory was carried out according to the Russian
State Standard GOST 12038-84. The laboratory data were subjected to mathematical pro-
cessing by the method of variance analysis.

Results. The treatment of seeds with humic preparations led to an increase in sowing qual-
ities, regardless of the method of seed treatment. However, the comparative efficiency
analysis of the pre-sowing treatment of the test crop seeds with the aerosol and using the
semi-dry method showed that the use of the developed equipment made it possible to
increase the biological activity of humic preparations, which brought about an increase in
the growth and biometric parameters of seedlings.

Discussion and Conclusion. The treatment of spring barley seeds with humic preparations
has some positive effect on their sowing and yield qualities. The strongest positive effect
was obtained when treating seeds with reduced sowing qualities, which was quite often
observed when harvesting seed crops in years with unfavorable conditions: heavy rainfall,
lack of heat, as well as in violation of the technology of harvesting and preparing seeds.
Our experimental studies showed that the use of the developed device for treating seeds
with hot mist reduces energy costs and increases processing efficiency.

Keywords: aerosol treatment, hot mist, humic preparations, humates, seed quality, seedbed
preparation, seed treatment device

For citation: Teterina O.A., Teterin V.S., Mitrofanov S.V., et al. The Effect of Humic Aero-
sol Treatment on Grain Seeds Quality. /nzhenerernyye tekhnologii i sistemy = Engineering
Technologies and Systems. 2020; 30(2):254-267. DOI: https://doi.org/10.15507/2658-
4123.030.202002.254-267

Beenenne nieHuto  3(G(HEKTUBHOCTH  TPOU3BOJICTBA
B nacrosmee BpeMsi pa3BUTHIO CEllb- U YJIYYIICHUIO KayecTBa IMPOM3BOAUMON
cKkoro xoszsicrea B Poccum ynensercs  CembCKOXO3SHCTBEHHOM MPOMYKIIMHU, OCHO-
OoJbIIIOE BHUMAaHWE, B YAaCTHOCTHU IMOBBI-  BBIBASICh HA NPUHIMIIAX BCECTOPOHHEH

Processes and machines of agroengineering systems 255



I/IH}KEHEPH]:»IE TEXHOJIOTUU U CUCTEMBI

Tom 30, Ne 2. 2020

MHTEHCU(HUKAMN TEXHOJIOTUYECKUX MpO-
LIECCOB, C CO3JaHUEM M HCIOIb30BaHHEM
HOBOTO BBICOKOTEXHOJIOTUYHOTO 000pyIo-
BaHU C LIENBIO MOBBIILICHUS YPOKalHOCTH
CEJbCKOX03MCTBEHHBIX KYJBTYP.

CTOUT OTMETHTh, YTO B TIOCJIC/IHEE
BpEMsI PE3KO BO3POC CIPOC Ha HKOJIOTH-
YeCKH YHUCTYIO MpOayKuuio. B pesynb-
Tare 3TOr0 B MUPE aKTUBHOE Pa3BUTHE
HOTYYWIN TPEINPUITUS, CHELUAIN3UPY-
IOIMeCs] Ha TIOMy4YeHHEe TaK Ha3bIBAEMOM
«OpraHuyeckou npoxykuumy. I1o nmporxo-
3aM JKCIIEPTOB B ONMKadIIUe TOIBI POCT
MHUPOBOTO PbIHKAa OPTaHHYECKOHW MPOIYK-
M OyZieT MPOAOIDKATHCS CO CKOPOCTBIO
15-16 % B rom u coctaBut k 2025 romy
nopsiaka 20 % OT MHPOBOTO PBHIHKA BCEH
CEITbCKOXO3SICTBEHHOM TPOIYKIHH'.

Poccusi, ¢ TOukM 3peHUst pPa3BUTHSA
JAHHOTO BHUJA 3€MJICIICNUsI, UMEET BBICO-
KHH MOTEHLIHAI, TAaK KaK HA CETOTHSIIHUN
JIeHb Hala crpaHa uMmeeT Ooinee 30 MutH
3aJIeKHBIX 3€MeNlb, KOTOpBIE JUTUTEINb-
HOE BpeMsl HE MCIIOIb30BAUCH, a 3HAYUT,
B HUX HE BHOCHJIMCh XUMHUYECKHE yaoope-
HUSI M CPEJICTBA 3aLIUThl PACTCHHH.

OpHako Iepexox Ha OPraHUYecKoe
CEJIbCKOE XO3SICTBO TpeOyeT peleHns
mpobieMbl oOecrieyeHnss MUTaHUsS pacre-
HUU IpU IPOU3BOJCTBE CEJIbCKOXO3SM-
CTBEHHOH MPOAYKLHUH, TaK KaK COIIacHO
DenepanpHOMy 3aKoHY Ne 280-D3%, a Tak-
xe TOCTy P 56508-2015° 3anperieHo uc-
10J1b30BATh arPOXUMHKATHI U MECTULIIBL,
B TOM 4YHCIIE MHHEPAJIbHBIE YI0OpEHUs,
CUHTETUYECKHE TePOUIIHIbI, (DYHTUIUJIBI,
WHCEKTHLUABl U T. ., 4YTO B CBOIO Oue-
pelab HeH30EKHO MPUBENET K CHIKCHUIO
YPOXKaWHOCTH BO3/CIIBIBAEMBIX KYJIBTYP
U JIerpafalnuy Mo4B.

BBuay sToro ocoOblii HHTEpEC BBI3bI-
BaeT pa3pabOTKa 3JIEMEHTOB arpoTEXHO-
JOTUi 10 MCIOJIBb30BAHUIO TIOYBOYIYY-
LIAIOUIMX BELIECTB U PEryISTOPOB pocTa
€CTECTBEHHOTO (TIPUPOTHOTO) TTPOUCXOXK-
JICHNs, B TOM YHCJI€ TYMHHOBBIX KHCIIOT
1 TIpernapaTtoB Ha MX OCHOBE, MO3BOJIA-
IOLIMX TOTy4aTh 0oJiee BBHICOKHE ypOXKau
CEJbCKOXO3SICTBEHHOM npoayKiuH [1; 2].

00630p JauTEpaTypbl

['ymMuHOBBIE TIpemapaThl IMpeACTaBIIs-
IOT CO0O0H ecTeCTBEHHbIE BBHICOKOMOJIEKY-
JISIPHBIE CTUMYJISATOPBI POCTa PACTEHUM Ha
OCHOBE COJIeH TYMHHOBBIX KUCJOT. ['ymu-
HOBBIE KUCJIOTBI B €CTECTBEHHBIX YCIOBHUSIX
00pa3yroTcs B [IOYBE B pe3ynbrare pasio-
JKEHUS KIJIETYATKH PACTEHUH U IPYTHX Op-
raHUYECKUX OCTaTKOB. B HacTos1IIee Bpems
pa3paboTaHbl MPOMBIIUICHHBIE TEXHOJO-
MU TIPOU3BOJICTBA TYMATOB M3 Pa3IMYHbIX
BHIOB OPTaHUIECKOTO CHIPHsI (TOp, OyphIit
YTOJIb, CATIPOTIEITh, OMOryMycC 1 1Ip. ). Bxitro-
YEeHHE JTAaHHBIX MPErnaparoB B TEXHOIOTHH
BO3/ICJIBIBAHUS  CEJIHCKOXO35HCTBEHHBIX
KYJIBTYp TO3BOJISIET YCKOPHUTH MPOIIECCHI
(hopMHUpOBaHMS, PAa3BUTHS U POCTa pas-
JUYHBIX pacTeHui [3; 4].

I'ymuHOBBIE BellecTBa MOTYT BCTY-
IaTh B IIUPOKHUM CIEKTP pEeaklUHid, OHU
00pa3yIoT BOAOPACTBOPUMEIC 1 BOJIOHEPA-
CTBOPHMMBIE KOMIUIEKCHI C THAPOKCHIAMHU
U MOHAaMH METaJIOB, B3aHMMOACHCTBYIOT
C Pa3IMYHBIMM OPraHWYECKUMH U MHUHE-
pPaJIbHBIMU COEAMHEHUSIMH, B TOM YHCIIE
C aJKaHaMH, XUPHBIMH KHUCIOTaMH, TH-
ankwidranaraMu, a TaKke MeCTUIUIAMHU
U T. 1. BBUIy 3TOro ryMHHOBBIE BElIECTBa
[IPUHSTO UCIONB30BaTh B LENSAX PEKYJb-
TUBALUH BOAHBIX U TIOUYBCHHBIX CPEX B Ka-
YEeCTBE JETOKCHKAHTOB IPHUPOAHOTO IPO-

! Opranudeckoe 3emiezesne: MEpPCIeKTUBLl U peaabHocTs // PecypcocOeperaromee 3emiesnesue.
14.08.2018. URL: http://rosorganic.ru/about/press/organic-farming-prospects-and-reali.html (zaTa obpa-

menus: 08.04.2020).

2 006 OpraHMYeCcKoil MPOIYKI[MH U O BHECEHUH H3MEHEHUI B OT/IENIBHBIE 3aKOHOIATENBHBIE aKThI POC-

cuiickoii deneparnuu: denep. 3akon Poc. denepanuu ot 3 aBrycra 2018 r. Ne 280-D3: npunsit ['oc. [lymoi
Denep. Cobp. Poc. Denepanun 25 utonst 2018 r.: onodp. Coserom Deneparmu Denep. Codp. Poc. Dene-
parmu 28 uronst 2018 r. URL: http://www.consultant.ru/document/cons_doc LAW_304017/989¢f3df4988
5e3a23aeb0264619ff37b9c8b959/ (nara obpamenus: 08.04.2020).

3TOCT P 56508-2015. TIpoayKiusi OpraHuueCcKoro nmpou3BocTBa. [IpaBuiia MPOU3BOACTBA, XpaHe-
HUSI, TPAHCIIOPTHPOBAHUSL.
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UCXOXKJIeHHUsST Oe3 pUCKa MX BTOPUYHOTO
3arpsizHeHus [5; 6].

W3BecTHO, YTO TYMHHOBBIE KHCIOTHI
3aHAMAIOT BAXXHYIO POJIb B CTPYKTYpO-
00pa30BaHUU MOYBBI, CIIOCOOCTBYIOT pe-
TYJIUPOBAHUIO TEOXUMHUYECKHUX TTOTOKOB
METAJUIOB B BOJHBIX M MOYBEHHBIX KO-
CUCTEMaX, HAaKOTUICHUIO TTUTATENIbHBIX Be-
IIECTB U MHUKPODJIEMEHTOB B JIOCTYITHOM
IU1s pactenuit hopme [4; 7].

I'ymuHOBBIE BeriecTBa 001aJa10T SIPKO
BBIP&KCHHOH OMOJIOTMYEeCKOH aKTHBHO-
CTBIO, YTO JAa€T BO3MOKHOCTH HCIIOJB30-
BaTh WX B Ka4eCTBE CTHMYJISITOPOB pOCTa
pactenuil. Ilo naHHBIM HccIeIOBaHUM,
OHH JIETKO YCBaMBAIOTCS PACTCHUSMH, MO-
OMIM3YIOT paboTy UX UMMYHHBIX CHCTEM,
CIIOCOOCTBYIOT TMOCTYIUICHUIO TMHUTATENb-
HBIX BEILECTB, YCUIINBAIOT OOMEHHBIE IIPO-
LECChl, MPOUCXOMASAIINE B PACTUTEIHHBIX
KIIETKAX, a TAK)Ke CTUMYITHPYIOT pa3BUTHE
BCEX TMOYBEHHBIX MHUKPOOPTAHU3MOB, TEM
CaMbIM CIIOCOOCTBYSI BOCCTaHOBJIICHHUIO
(o6pazoBanuio) rymyca B mousax* [8—10].

IIpumeHeHne ryMUHOBBIX TIPEMApaToB
CIOCOOCTBYET MOBHIIICHUIO YPOXKAHHOCTH
CeJIbCKOXO3STCTBEHHBIX KYIBTYp, 0COOEH-
HO TIPH HEOIaronpUATHBIX KIIMMaTHIECKAX
yenoBusix. OHH  OKa3bIBAIOT TOIACPK-
Ky pacTeHUsSM, MOMOTasi UM CIPABUTHCS
C TMOCIEICTBUSIMU 3aCyXH, 3aMOPO3KOB,
a TaKk)Ke IMO3BOJISISI CHU3UTh XMMUYECKHIM
cTpecc OT 00pabOTKH MecTHunuaamMu. ['y-
MaThl OBBIIIAIOT YCTOMYMBOCTh PACTEHU M
K pPa3IMIHBIM 3a00JICBAaHUSIM, TEM CAMBIM
SIBIISISICH HECTICIM(DMICCKIMH aKTUBATOPA-
MU UMMYHHOU cucTeMbl [9-12].

Criektp TNpUMEHEHHs TyMHUHOBBIX
MperapaToB BecbMa IIMPOK M BKJIFOYAET
MPAKTUIECKH BCE CEITBCKOXO3AWCTBEHHBIE
KYJIBTYPBI, BO3ICIBIBAEMBIC KaK B MaJIbIX
KPECThSIHCKO-(DEPMEPCKHUX  XO3SHCTBAX,
TaK ¥ B KPYITHBIX arpapHbIX IPEANPHUSITU-
sx [13; 14]. B cBsi3u ¢ 3TUM T'yMHUHOBBIC
MpernapaTsl  UCIIONB3YIOT — Pa3InYHBIMU

crioco0aMu: B KauecTBEe HEKOPHEBOH MOJI-
KOPMKH, BO BpeMsi 00paOOTKH MTOCEBHOTO
Marepuaja W TyTEeM BHECEHHUS B IIOYBY
B BHJIE PACTBOPOB, B TOM YHCII€ BO BPEMS
MoCJIeyOOpOYHOM  3aJIeNIKi  TTO)KHHUBHBIX
ocratkoB [15].

[Ipy TpoOM3BOACTBE  CENBCKOXO35IH-
CTBEHHOM TPOAYKIIMU BaXXHBIM arpo-
TEXHOJIOTHYECKAM  TIPHUEMOM  SIBIISIETCS
TpeamoceBHas o0paboTka CeMsH, KOTO-
pasi COCOOCTBYET TOBBIMICHUIO KadeCT-
Ba TIOCEBHOTO MaTepuaia U yBEIHYCHUIO
YpOKaHOCTH 3€pHOBBIX KynbsTyp. Ha
OCHOBaHHMH HCCJIEIOBAaHUIN yUYEHBIX YCTa-
HOBJICHO, YTO (pU3HUYECKHE METOABI 0Opa-
OOTKH CEMSIH CITOCOOCTBYIOT TTOBBIIIIEHUIO
BCXOXKECTH U DHEPTUH TipopacTanusi. B ka-
YyecTBe (PU3MUECKOTO BO3/ICHCTBUS U3yya-
JIOCh BIMSIHUE SJIEKTPOMATHUTHBIX BOJIH
B MHKPOBOJIHOBOM, YIBTPa(HOIETOBOM
W WHQpPAKpacCHOM HAara3OHax, a TaKKe
HarpeB CeMsH ITyTeM HU3KOMHTEHCHBHOTO
JIOKAJILHOTO J1a3epHOTro m3nydenus. OnHa-
KO BO3JICHCTBHUE IEKTPOMArHUTHBIX BOJIH
3a4acTyi0 OLEHUBAJIOCh B HAIPEBE CEMSIH.
Kpome atoro, ¢ nenpio akTuBuzanuu Gu-
3MOJIOTUIECKHX ITPOIIECCOB CEMSH ITpUMe-
HSIOT METOZBI €CTECTBEHHOTO BO3YIITHO-
O TETIoBOro 0borpesa’ [16].

[lo maHHBIM psina ydeHbIX, 00paboT-
Ka TYMHUHOBBIMH Mpernaparamu ociaons-
€T OTPHIIATENIFHOE 3HAYCHHE TpaBMaTH-
YECKHUX MOBPEKACHUM CEMSIH pacTCHH,
YAy4IIaeT TOCEBHbIE KauecTBa CEMSH:
Ma0OpaTOpHYI0 M TOJIEBYIO BCXOXKECTh
CEMsIH, SHEpPIUI0 TPOPACTaHUsI, CTUMYJIH-
pPYeT pocT M pa3BHTHE MPOPOCTKOB IEp-
BUYHOI KOPHEBOW CHCTEMBI, CHUXAsI MPH
3TOM TIOpaKeHHE CEeMsIH TPUOHBIMU 3200-
JIEBaHUSMU, BOSHUKAIOIIIMH B PE3YJIbTATE
BHYTpeHHeH ceMeHHOoW nHbekyn [17].

OddekTuBHOCTE  BO3ACUCTBUS  TY-
MHUHOBBIX TPENaparoB B IMpolecce Mpes-
MOCEBHOH 00pabOTKH B OINpEAeICHHON
CTETIeH! 3aBUCHT OT TEXHOJOTHHA W TeX-

* Bot06aBKH ISl pOCTa PACTCHHI U PEKYJIBTHBAIIMH [TOYB. DKCIEPTHBIN MOIXO0/ K BRIOOPY 1 MPHMe-
Henuio / A. 0. Bunapos [u ap.]. M.: eJlu npunr, 2006. 150 c.

5 %Kaauun J. B., luépsesa JI. C., CaapixoBa C. JK. BiusiHre Bo3AeiCTBUS pa3HBIX BHJIOB H3ITY-
YeHWI Ha 3epHOBOW MaTepHal: HaydHas MoHorpadus. Anmarsl-Mocksa: ArpoyauBepcuret, 2015. 119 c.
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HUYECKUX CPEICTB, MPUMEHSEMBIX MpPHU
ee mposeAcHUHM. B Hacrosee Bpemst
B OCHOBHOM HCIIOJIb3YIOTCS IPOTPABIIH-
BaTeJIN CEMSIH C BpaLIaoIMucs GopcyH-
KaMH C JUCIIEPCHOCTHIO Karenb oT 30 1o
120 MKM. YMEHBIIICHUE TUCTICPCHOCTH Ka-
neib, akTUBHOE IEpEeMEIINBaHIE CEMSH,
a TaKkXKe TEIUIOBOE BO3/ICHCTBHE CIIOCOOHO
YCUINTB 3P (EKT OT MPUMEHEHUS T'YMHHO-
BBIX TIpEmapaToB B Ipoliecce 00paboTKH
cemsH. C ATOH menbpio OBUTO pa3paboTaHo
YCTPOHCTBO [UIsi 0OpabOTKH CEMSIH TOpsi-
yuM TymMaHoM (puc. 1) [18].

Marepuajisl 1 MeTOAbI

C nenbio onpeneneHus 3PPEeKTUBHOTO
croco0a MpemoceBHOM 00paboTKN ceMsH
TYMHHOBBIMHU TIpeTiaparaMy 1O BIMSTHUIO
Ha WX TIOCEBHBIE KauecTBa ObLIH MPOBEIC-
HBI KCIIEPUMEHTAJIbHBIE NCCIICAOBAHUSL.

OObekramu  J1aOOpaTOpPHBIX — HCCIIe-
JOBAaHMH SIBJISUIMCH CEMEHA SIUMEHS SIpo-
BOro coptoB: «Biagumupy», «Maprper»,
rHOpUIHAsT JTHHUS «AHHA0ETb X DIbd»,
«3azepckuii 85».

Ha done koHTponbHOTO BapHaHTa
NPUMEHSUIOCH JIBA TYMHMHOBBIX Hpernapa-
Ta: «OKopocT» U «ArpoBepm» (Tabm. 1).
IIpenaparsl IPUMEHSIIUCH KaK C HCIOJb-
30BaHUEM TPAJUIIMOHHOIO IIOIYCYXOTO
Mmetona (mpotpasiuBarens [IC-10), Tak
U C TOMOIIBID Pa3pabOTaHHOTO 000pY-
JOBaHMS Uil 00pabOTKU CEMSIH TopsunM
TyMaHOM. |'yMHHOBBIE IpenapaTbl UMeJn
pa3HbIEe MOKa3aTeau IO COACP)KaHMIO T'y-
MUHOBBIX BEIIECTB M KHUCIOTHOCTH, JIO3bI
Opayuch ¢ y4eToM peKOMEeHJaluii mpons-
Boautenei. Takxe ucmonb3oBanach oopa-
00TKa CeMsIH FOPSYUM TyMaHOM.

[IpopammBanue CeMsiH OCYIIECTBIIS-
JIOCh MEXIY (UIBTPOBAIBLHON Oymaroi
B JIa0OPATOPHBIX YCJIOBHSX B COOTBET-
ctBui ¢ myHkToM 3.8.2. TOCTa 12038-84¢.
CeMeHa pacKIafpIBaliCh B PaCTUIIb-
HSIX B YETBIPEXKPATHOH HMOBTOPHOCTH IIO
100 T MeXAy CIOSIMH YBIIAXXHECHHOU
(UIBTPOBALHON Oymaru: TpW CIIOS Ha
JTHE PACTWIILHH, OJHHM CJIOEM TPHUKPHI-
BAIMCHh ceMeHa. JlaHHble nabopaTopHBIX

Tabnumal
Tablel
Cxema ;1a60paTOPHOTO OMbITA
Laboratory experiment char
[Tap «2Oxopocty | «ArpoBepm»
[Mokazarens / Kontpoms / | «9xopoct»/ |«ArpoBepm» /|  (Boxma) / (map) / (map) /
Parameter Control “Ecorost” | “AgroVerm” Steam “Ecorost” | “AgroVerm”
(water) (steam) (steam)
Kucnorsocts
pH cox., en. pH/ _ _
Acidity pH sol., 8,1 8,5 8,1 8,5
unit pH
Conepxanue
T'YMHUHOBBIX _ B
kucnort, /1 / Content 30 12 30 12
of humic acids, g/l
J103BI TYMHHOBBIX
npernaparoB
B pacyeTe Ha
1T cemsiH, mi / - 200 200 - 200 200
Doses of humic
preparations per
1 ton of seeds, ml

¢ TOCT 12038-84. CemeHa CelIbCKOXO3SHCTBEHHBIX KYJIBTYP. METO/BI OIpE/ICICHUsS] BCXOXKECTH

(c U3menenusimu Ne 1, 2).
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UCCJICIOBAaHUH TOJBEPrajiuch Marema-
THYECKOM 00paboTKe ¢ HCIOIb30BAaHUEM
HajcTpoiiku Kk Excel mist cratnctndeckoit
OLIEHKHM M aHAJIM3a PE3yJbTaToB IMOJIEBBIX
n naboparopusix onbiToB AgCSTAT, pas-
paborannoit ®I'BHY «CraBpononsckuit
HAay4YHO-UCCIIEJOBATEIbCKU ~ MHCTUTYT
CEJIBCKOTO XO3SHCTBaY.

YeTpoicTBO 115t 00pabOTKH CEMSTH TO-
PSIUMM TYMaHOM HPECTAaBICHO HA PUCYH-
ke 1 u cocrout u3 OyHKepa JuIst ceMsH /,
JIO3UPYIOLIEro arnmapara ¢ MPUBOAHBIM
PEOPUCTBIM BAJUKOM 2 M C TIOIBHKHBIM
JIHUIIEM 3, CMECUTEIIbHOM KaMephl 4 ¢ Ha-
KJIOHHBIMH JIOTKAMH 5 W MEXaHH3MOM
PEryIUpPOBKH yIJIa JIOTKOB 6, T€HepaTopa
ropstaero Tymana 7 mapku BF-150. Paspa-
00TaHHOE YCTPONCTBO UMEET CIEIYIONIHe
TEXHUYECKHE XapaKTEPUCTHKH: TPOU3BO-
JUTEIBHOCTH 1O 3epHy 10 10 1/4, pacxon
pabouero pactBopa 10 5 11/4, pacxof To-
TUTABA 10 2 JI/9, yIeTbHBIA pacXo padode-
ro pacrtopa jio 0,5 J1/T.

B mpomnecce paboTsl ycTpoiicTBa 1ist
00pabOTKM CEeMSH TOPSYUM TYMaHOM
ceMeHa n3 OyHKepa / TIONMAAarOT B TIPO-
CTPAaHCTBO MEXAY PEOPHCTHIM BAJIUKOM 2
U TOABIKHBIM mHuIEM 3. [lo3upoBaH-
HBbIC CEMEHA MOCTYIAIOT B KaMepy oOpa-
00TKU 4, TIe ABMXKYTCS 1O HAKJIOHHBIM
JOTKaM 5, 00pasys HUCXOJSIINN IOTOK,
yBIIeKas 3a OO0 TETUTIi MTOTOK a3p030-
7 TYMHHOBBIX TIPENaparoB TeMIEpaTy-
poii 50-60 °C, mogaBaeMblii reHEPaTOPOM
ropsiuero Tymana 7 uepes comio 8. Ilpu
JIBUKEHUU 3epHA B Kamepe 4 1711 00padoT-
KA CEMSH TOPSYMM TYMaHOM 3€PHO IO
JEHCTBHEM CHIIBI TSDHKECTH MHOTOKpArT-
HO TIEPECHINAeTCs C OJHOTO HAKIOHHOTO
JIOTKa 5 Ha JIpyroul, MpoBOjisi HEKOTOPOE
BpeMsi B cBOOOAHOM ToJiere. biaromaps
TaKOW CXeMe IOJIauu CeMsIH, MHOTOKpar-
HOMY WX IEPEMEIIUBAHUIO U KOHTAKTY
C a9p030JIeM TYMHHOBBIX ITPETIapaToB MpH
TIEPECHITAHAN C JIOTKA Ha JIOTOK 3Pdek-
THBHOCTh 00pabOTKM BO3pacraeT. B pe-

1

P uc. 1. Mozxens ycrpoiicTsa uist 00paboTKU CeMsIH ropsiauM TyMaHoM: 1 — OyHKep;
2 — IpUBOIHOI PEOPUCTHIN BAIMK; 3 — MOIBI)KHOE JHUILE OyHKepa; 4 — CMECHUTENbHAS KaMepa;
5 — HaKJIOHHBIE JIOTKHU; 6 — MEXaHU3M PErYJIUPOBKHU YIVIa JIOTKOB; 7 — FEHEpaTop rops4ero TyMaHa;
8 — comuto reHeparopa

Fig. 1. Model of the device for treating seeds with hot mist: 1 — bin; 2 — driving ribbed roll;
3 — moving bin bottom; 4 — mixing chamber; 5 — inclined trays; 6 — tray angle adjustment mechanism;

7 — hot mist generator;

Processes and machines of agroengineering systems

8 — generator nozzle
259



@I/IH}KEHEPHHE TEXHOJIOTUN 1 CUCTEMBI

Tom 30, Ne 2. 2020

3yJIbTaTe Pa3HUIBl TEMIICPATYP XOJIOIHBIX
cemsiH (<12 °C) u a3po3ods (6onee 50 °C)
npoucXoauT (Ha3oBbI Mepexo]] adpo30st
B KHUJIKOCTh, YTO CIIOCOOCTBYeT 00pazo-
BaHHUIO HA TIOBEPXHOCTH CEMSIH TOHKOH
IUICHKH TYMHHOBBIX TIpernaparoB. Brico-
Kasi TeMIeparypa a’spo30iisi 00ecreyrBaeT
TEIUIOBYIO 00pabOTKy CEMSIH U CIOCO0CT-
BYET aKTHBAI[UH (PU3HOJIOTHUECKUX TPO-
[IECCOB 3epHA.

B cBsi3u ¢ TeM, 4TO 3PPEKTUBHOCTD
a’p030JIbHON 00pa0OTKU CeMsIH pabourM
PacTBOPOM I'YMUHOBBIX TpETapaToB 3aBHU-
CHT OT MHTEHCUBHOCTH TEIIOOOMEHHBIX
MPOIIECCOB, MPOXOMAIINX B CMECHUTENb-
HOW Kamepe TMPOTPABIMBAHUS YCTAHOBKH
B mpoiiecce 00pabOTKH CeMsIH, OICHHBA-
JIMCh CKOPOCTh M TEMIIepaTrypa a’spo30Jis
pabouero pacTBOpa r'yMUHOBBIX ITpernapa-
TOB TIPH OMOIIM TEPMOAHEMOMETpa Map-
ku UCII-MTI4 (puc. 2).

KagecTBo 00pabOTKM ceMsH a’po30-
neM pabo4ero pacTBOpa T'yMHHOBBIX Ipe-

MapaToB ONpeAeNsIOCh MyTeM HCCIIeI0Ba-
HUSI TEMIIEPATYPhl U BIaKHOCTH 3€PHA Ha
BBIXOJIC U3 CMECUTENbHON Kamepbl. s
KOHTPOJISI TEMITEpaTyphl 3epHA U adp030-
751 TYMUHOBBIX ITIPENapaToB NPUMEHSUICS
terutoBu3op Mapku RGK TL-80, onpene-
JICHWE BIQKHOCTH MPOBOAMIIOCH MPH IO-
Moy Braromepa 3epHa WILE 55.

Pe3yabTarhbl Hec/Ie10BAHUS

OKCHEepUMEHTAIBHBIE  HCCIIEI0Ba-
HUSI TPOBOIWINCH HPU TEMIEpaType
OKpY’KaIoIIero Bo3ayxa okono +12 °C,
BJI@KHOCTh BO3yXa COCTaBIsja OKOJIO
62 %, 3epHO MMEJIO HAYAJIBHYIO TEMIIe-
parypy +12 °C, BIa)KHOCTb COCTaBisuIa
13,5 %. YcranoBka mist 00pabOTKHU ce-
MSH TOpSYUM TyMaHOM paboTtaia ¢ mpo-
M3BOJUTEIIBHOCTHIO 0K0JIo 10 T/4, pacxon
TOIJIMBA TeHeparopa Tropsvero TyMmaHa
coctasisii 40 r/MuH, 103UPOBaHHUE BOJ-
HOTO pacTBOpa T'YMHHOBBIX IIpEIapaToB
OCYIIECTBISUIOCh HM3MEHEHHEM IOJa4H
pactBopa B POPCYHKY.

P u c. 2. VccneoBanne mapaMeTpoB TOpsiuero TyMaHa Ha pas3inyHbIX y4acTKaX KaMepbl
00paboTKH yCTpOicTBa

Fig. 2. Investigation of the parameters of hot mist at different areas of the device processing chamber
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B xome mpoBeneHHS KOHTPOJIBHBIX
M3MEPEeHUH TeMIIeparypbl 3epHa TEIUIO-
Bu3opoM RGK TL-80 ycTaHoBIE€HO, YTO
TeMIrepaTypa 3epHa mocjie oopaboTKu co-
craBuia 14 °C, BIaXHOCTb 3€pHa COCTAB-
asna 13,8 %.

[Ipu ananu3ze TaOnuIkl 2 yCTaHOBIIC-
HO, YTO Ha BCEX BApUAHTAX OIIbITA, KPOME
00pabOTKN CEMSH BOMISTHBIM TTAPOM, TIOITY-
YeHHbIE JaHHbIE CTATUCTUYECKH 3HAYH-
TEJILHO MPEBOCXOIUIIN KOHTPOIb.

Habnronenus mokazanu, 4To 10 Bapu-
aHTaM OIbITAa HAOJIONAeTCs pa3Hasl IuHA-
MHKa TEMIIOB TpopacTanus ceMsiH. [loiry-
YEHHBIE PE3YyNBTaThl CBUJETEIHCTBYIOT,
YTO B I1€JIOM 00pabOTKa CEMSH TyMaTaMu
crmoco0CTBOBajIA TTOBBIMICHUIO TTOCEBHBIX
KauecTB HE3aBUCUMO OT criocoba oOpa-
0oTku ceMsiH. OTMEUeHa TSHJISHITHSI COp-
TOBOW OT3BIBYMBOCTH Ha 00pabOTKy ce-
MSTH TYMUHOBBIMH TIpenaparaMu. OHaKo
Hamboylee BBICOKME TIOKa3aTeNd OBLIH
OTMEYEHBbI TIPU HCIOJIB30BAHUU adPO-
30511 rymara «Okopoct». llpumeHeHue
00pabOTKM CEeMsiH sSlUMEHSI a’3p030JIeM
«IKOpOCT» IO3BOJWIIO TOBBICUTH JHEP-
THUIO TIPOpacTaHUs M BCXOXKECTh COPTa
«3azepckuii 85» OTHOCUTEIEHO KOHTPOJIS
Ha 15,2 % 1 9,1 %, copra «Bmagumupy» —
Ha 12,0 % u 6,5 %, copra «Maprper» —
HA 5,6 % u 6,5 %, ruOpuAHON TUHUH
«AnHabens X Onbdp» —Ha 4,4 Y% n 4,2 %
COOTBETCTBEHHO. Heckompko ycTymama
eMy 00paboTKka CeMsSH a’po30JieM TyMma-
Ta «ArpoBepm», 4T0 MOXHO OOBSCHHUTH
0oJiee HU3KUM COJICPKAaHUEM TYMUHOBBIX
KHCJIOT B mipernapare («xkopoct» — 30 /i,
«ArpoBepm» — 12 r/n).

CpaBHHUTENBHBIN aHamN3 A(hGEKTHB-
HOCTY TIPUMEHEHNSI TYMHUHOBBIX TIpernapa-
TOB TIPH TPEATIOCEBHON 00pabOTKE CeMSH
TECT-KYJIBTYpBl a3p030JIeM U TPaJAUIHOH-
HBIM TIOJIyCyXUM METOJIOM IOKa3all, 4To
WCTIOJIb30BaHKe pa3paboTaHHOTO 000pYy-
JTOBAaHUS TTO3BOJIHAJIIO ITOBBICUTH d(PheKTHB-
HOCTH TIPEATIOCEBHON 0OpPaOOTKH CEMSH.
[Ipumenenue rymara « 9KopocT» B hopme
a’po30JIsl B CPEHEM [0 COpPTaM SYMEHS
SIPOBOTO TIO3BOJIMJIO TOBBICUTH SHEPTHIO
MPOpacTaHusi CEMSIH OTHOCHTENLHO Tpa-

262

IUIMOHHOro crocobda Ha 2.9 %, BCXO-
JKecTb — Ha 2,4 %, npuMeHeHne a’po30IIs
rymara «Arposepm» — Ha 2,7 % u 2,2 %
COOTBETCTBEHHO.

Pesynbrarel MccnenoBaHUN TOKA3bI-
BAIOT, 4YTO WCIIOJBb30BAaHUE TYMHUHOBBIX
npenaparoB B (hopMe a3po30JIbHBIX MapoB
YCUIMBAeT HX OHOJIOTHYECKYIO AKTHB-
HOCTb, YTO IIPOSIBISIETCSI B YBEIMUCHHUU
CHJIBI POCTa U OHMOMETPHYECKHX IIOKa-
3areneil mpopoctkoB. Chlpas macca cra
MPOPOCTKOB HAa BapuaHTaxX ¢ MPUMCHEHH-
€M Iapa TyMHHOBBIX MPENapaToB CyIIEeCT-
BEHHO IPEBOCXOAMJIA KaK KOHTPOJb, TaKk
W BapUaHThl C UCIOJb30BAaHUEM I'yMaTOB
B TPAIWIMOHHOM crocobe 00paboTKu
cemsH. Ha copte «3azepckuii 85» mpume-
HEHHE a3P030JIsl TyMaTa « JKOPOCT» TOBBI-
CWJIO JIaHHBIM TIOKa3aTesib OTHOCHTEIBHO
koHTposia Ha 5,32 %, Ha copre «Bnanu-
mup» — Ha 5,53 %, Ha copre «Maprper» —
Ha 5,52 %, Ha THOPUIHON TUHUHN «AHHA-
oenb X Dibh» — Ha 2,00 %.

Hannbiii apdext oveHb BaKkeH INpH
BO3JEIBIBAHUN  CEIIbCKOXO3SHCTBEHHBIX
KYyJIBTYp, OCOOCHHO HPH 3KCTPEMaJbHBIX
YCIIOBUSIX B BECEHHHHM NEPHOI, TaK Kak
OH 00ecIeunBaeT HHTEHCUBHOE Pa3BUTHE
BCXOJIOB PaCTE€HUH MOCIIE I10CEBA.

[IpoBeneHue npeamnoceBHOl 0O6padoT-
KW CeMsIH TOPSIYUM TYMaHOM T'YMHUHOBBIX
IpenaparoB CHOCOOCTBYET HHTCHCUBHOMY
HAKOIIJICHUIO MACChl POCTKOB M YJIy4LIaeT
MHTEHCUBHOCTh M HAIPaBICHHOCTb 00Me-
Ha BEIECTB. YCHJIEHHE MPOIIECCOB Pa3BH-
THUS HA PaHHMX JTalax BEreTallul OKa3bl-
BaeT pellarolee BIUsSHAE Ha JabHeHIIe
CTaJ1M Pa3BUTHS PACTCHHH.

Takum o0Opa3oMm, aHaiaM3 pe3ysbTa-
TOB JKCIIEPUMEHTAIBHBIX HCCIIEJOBAaHUN
MoKasajl, YT0 MPOpacTaHWe CEeMSH TeCT-
KyJIBTYpbl CBUICTENBCTBYET 00 3ddek-
TUBHOCTH HCIIOJIb30BaHUSI a3pPO30JIbHOTO
croco0a npearnoceBHOM 00pabOTKU ceMsiH
U pa3padaTbiBaeMoro 00opyaoBaHusl.

O0cyxkaeHue U 3aKJII0UEHUE

B xonme mpoBenenus 1ab0paToOpHBIX
WCCTICIOBAaHUH yCTAHOBJIEHO, YTO 00Opa-
00TKa CeMsIH STYMEHSI SIPOBOTO TYMUHOBBI-
MU IpernapaTamy OKa3bIBaeT MOJI0KUTEb-
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HBIH 5(eKT KaKk Ha MOCEBHbIE, TaK M Ha
ypoKaiiHble KauecTBa CEMEHHOTO MaTepH-
ana. Hanmyummit pesysisrar ObUT TOMy4YeH
mpu  00pabOTKE CEMEHHOTO MarepHuala
C HU3KUMH TIOCEBHBIMH KadeCTBaMH, KO-
TOpBIE MONYYalOT NMPH YOOpPKE CEMEHHBIX
YYacTKOB B TOIbI C HEOMaronpusTHBIMU
YCIOBUSIMH: IPH Ae(UIMTE TeTia, OOMIb-
HBIX OCaJlKkaX, a TaKXkKe NPH HapyLICHUU
TEXHOJIOTHH YOOPKHU U MTOATOTOBKHU CEMSIH.

[TpumeHeHne pa3pabOTaHHOIO YCTPOM-
CTBa 7151 00pabOTKH CEMSTH TOPSTYMM TyMa-
HOM I103BOJISIET CHU3UThH SHEPreTHUYECKHUE
3arparbl (B CTOMMOCTHOM BBIPaKCHUM HA
18,6 % B cpaBHEHHMH C IPOTPABIMBATEIIEM

[1C-10) na 00paboTKy CeMsIH U YBEITHMYHUTh
ee 3()(EKTUBHOCTD 3a CUET HCIIOIb30Ba-
HHSI BBICOKOJIMCIIEPCHOTO TOPSTYETO TyMa-
Ha TYMHHOBBIX IperaparoB. Kpome Toro,
YCTPOMCTBO UMEET BBICOKYIO HAJICKHOCTh
u3-32 HEOOJNBIIOTO KOJMYECTBA JIBHKY-
IIUXCS JIeTalieit.

B xome mnposexeHust 1a00paTOPHBIX
MCCIICIOBAHNI OBIJIO YCTAaHOBJIEHO, YTO
NpUMEHEHHEe Pa3pabOTaHHOTO YCTPOMCT-
Ba TIO3BOJIMJIO aKTUBU3UPOBATH MPOIYK-
[MOHHBIE MPOIECChl TECT-KYJIBTYpbl Ha
paHHHX (a3ax OHTOreHe3a: MOBBLICHIHNCH
MIOCEBHBIC U yPOKalHbIE KaueCTBa CEMsIH,
COXPaHHOCTH PACTEHHUIA.
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