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Pa3paboTka 3xcniepuMeHTAIbLHOIO CTEHAA AJISl HCCJIeIOBAHMS
04YaroB CAaMOHArpeBaHUs B CHIMYYHX cpeaax

Jnst viccnenoBaHys yCIOBHI BOSHUKHOBEHHS M 3aKOHOMEPHOCTEN pa3BUTHS 04aroB CaMOHArpeBaHUs B ChITYyYHX
cpenax, B TOM YHCIIE U CIEXKABIINXCS, pa3paboTaH IKCIEPUMEHTAIBHBIN CTEH]I, MO3BOJISIOLINIT BBIABIIATH B3aUMHbIE
CBA3M TEIOGU3NIECKIX XapaKTEPUCTHK UCCIIeTyeMOil Cpeibl M BHEIHUX NMapameTpoB. CTeH MO3BOJIAET YNPaBJATh
MpoLIeCCaMy, NMPOTEKAIOIIAMH B UCCIENyEMON cpelie: MPOBOLUMPOBATh BOZHUKHOBEHUE 09aroB CaMOHArPEBAHUS
Y BapbHPOBAaTh MHTEHCUBHOCTb UX PA3BUTHS, a TAKXKe PETUCTPUPOBATh MPOCTPAHCTBEHHO-BPEMEHHBIE PACTIPEIETICHNS
TEMIIEPATYPBI U BIIAXKHOCTH, IO KOTOPBIM BOCCTAHABJIMBAIOTCA MHTECPECYIOINE XaPAKTECPUCTHUKU CPEIBI. EmxocTh
C HWCCeayeMoil chIlydel cpemoil mpencTaBiasieT co0OW BepTHKANbHBINA LWJIMHAP, B KOTOPOM pean3yeTcs
0OCECUMMETPHYHAS 3aada 3a CYeT BOSHUKHOBEHHA OYara CaMOHAarpeBaHWs B TOJIIE HCCIETyeMOH cpelbl — Ha OCH
CHMMETPHHU €MKOCTH. Ouar co31aeTcs B 3aJaHHOM MeCTe ChIITydel cpefibl MyTeM IOCTAaBKU B HETO BJIATU C 3aJaHHBIMH
XapaKTEePHUCTHKAaMHU IO CMIELNaIbHOMY KaHaly M HarpeBy 3aJJaHHOrO MECTa 10 Hy’KHOro 3HadeHus. OTBOX Tema
W3 o4ara caMOHarpeBaHus OCYILECTBIIAETCS 3a CUET IMepefaddl Tera OXJIaKIaromel KUAKOCTH, HaxoAsmencs
B Temo3abopHoil TpyOke. TemnozabopHast TpyOka MOMeIaeTcss BHYTPH CHCTEMbI TEIUIOOTBOAA MpPeACTaBIIAIOIEH
co00i CEeKUMOHHYI0 TpyOy, YCTaHaBIMBAEMYIO B TOJIIE HCCIEAyeMoOW cbimydeil cpedpbl. sl MCKIOYEHUS
HEKOHTPOJIMPYEMBIX MEPETOKOB TEIUIa M3 OYara caMOHarpeBaHHs MO CHUCTEME TEIUIOOTBOAA, CEKLIUH TPYOBI,
PacToJIOKEHHBIE BHE 30HBI MPOBOLMPOBAHMS OUara CaMOHarpeBaHus, M3roTaBIMBAIOTCS U3 MaTepyaia ¢ HU3KUM
ko3¢ pumenToM TerronpoBogHOCTH. HampoTuBs, cekiuws, pacrojioKeHHas B 30HE OdYara, M3rOTaBJIMBAaeTCs
U3 BBICOKOTEILIONPOBOAHOIO MaTepuaa. s yrydileHus TeINIOBOro KOHTaKTa Mex 1y TeI1o3a0opHoit TpyOKoit
U BHYTPEHHEN MOBEPXHOCTBIO TEIUIONPOBOISAILEN CEKLIUU CUCTEMbI TEIUIOOTBOJA UCIIONB3YETCS MIPOMEKYTOUHBII
TemoHocuress. [lonagaHnue MpoMexyTOUHOTO TEIUIOHOCUTENS B IPOCTPAHCTBO MEXIY TEILI03a00pHO TpyOkoit
U BHYTPEHHEH MOBEPXHOCTHIO TEIUIONPOBOIAILEN CEKLIMYA CUCTEMBI TEIUIOOTBOJA IIPOUCXOAUT ABTOMATUYECKU IIPU
HEOOXOAMMOCTH OTBOJA TEIIa U3 O4ara cCaMOHarpeBaHusl.

KiioueBble c/l0Ba: XpaHEHHE CEIBCKOXO3AMCTBEHHON MNpPOAYKUMM, CaMOHArpeBaHWE, oOdYar CaMOHArpeBaHWs, JIaOOpaTOPHBIi
9KCHEPHMEHT, TETUO(PU3NIECKIE U3MEPEHHS.

BBeneHnue

VY nosnerBopenne notpedHOCTel HaceneHust Poccuiickoii Menepauny B ppIOHOI MPOIYKIMK CONPSIKEHO
¢ panoM mpo6iieM, OHO W3 KOTOPBIX SABIISIETCS TIPOU3BOACTBO U XPaHEHUE PHIOHBIX KOPMOB [ 1; 2].

PriOHast Myka MMeeT HEeKOTOpble OCOOEHHOCTH B XpaHEHHH, TaKk KaK OTHOCHUTCS K 4 KJlacCy OMacHOCTH
no FOCT 1943388 u sinsieTcs BEIECTBOM, CKJIOHHBIM K CaMOBO3ropaHmio. Kak orveueHo B [3], wiTenbHOe Hin
HeyMeJoe XpaHeHHe phIOHON MYKH MPUBOAUT K CHIKEHUIO KOPMOBOM LIEHHOCTH, @ MHOT/AA U K MPUOOPETEHHIO ATUM
MPOAYKTOM TOKCHYECKHX CBOKCTB. C yBenMYeHHeM 00beMOB MPOU3BOACTBA PIOHON MYKH OCTPO BCTaeT BONPOC
€e XpaHeHHsI ¥ TPAHCTIOPTUPOBKU. B 1aHHO CBA3M MpoBeieHNe MCCIeI0BaHNI 1 yCTaHOBJIEHUE YCIIOBHUI BO3SHUKHOBEHHS
Y 3aKOHOMEPHOCTEH pa3BUTHUsI 04aroB caMOHArpeBaHusl, pa3paboTka TEXHOJIOTUM UX KOHTPOJIS U TIOIaBJICHUSI UMEIOT
CerofiHs 0co0YI0 aKTyaJbHOCTb.

PesynbTaTsl n 00cyxaeHue
OKkcnepumeHmaneHas yCmaHosKa

B nurepatype omucaHsl 3KCHIEpUMEHTAIBHBIE YCTAHOBKH JUTSl MCCIIEIOBAHMSA TEIIO(MM3UIECKUX CBOMCTB
CBITyYMX BemecTB (Hanpumep [4] — 171 NHUIIEBbIX MPOIYKTOB M [5] — TSt TOPHBIX MOPOLT), HO OTBETHTH Ha BOTIPOC,
Kak BO3HHKAIOT OYarW CaMOHArpeBaHWsl B CHIMMyYHX Cpelax, OHM He IO3BOJSIOT. ABTOpamu pa3paboTaH
JKCMEPUMEHTAIIbHBII CTEH JUT MCCIIEN0BaHNs TEMIO(PU3NIECKUX MPOLECCOB, MPOTEKAOIINX B CHITYYNX Cpefax,
CKJIOHHBIX K CaMOBO3ropaHuto. CTEeHI COCTOUT W3 EMKOCTH, 3aI0JIHEHHOM HcclieTyeMoit Cpeliol, B KOTOPOI yCTaHOBIIEHBI
YyBCTBHTEIIbHBIE JIEMEHTBI, PETUCTPUPYIOLINE MPOCTPAHCTBEHHO-BPEMEHHBIE PACTIPENEIICHHS U3MEPAEMbIX BEJTHUMH,
a TaKXKe CUcTeMa MPOBOLIMPOBAHKS CaMOHArpeBaHNs M 0TBOAA Terua. [[puHIMNHanbHas cxeMa SKCIepUMEHTaIbHOTO
CTeHJa MoKa3aHa Ha puc. 1.

Ouar caMOHarpeBaHusi MPOBOLIMPYETCS MyTeM JIOKAIbHOW MoJavyy Teria u (W) BIard B 3aJaHHOM MECTE.
[Tpy 3TOM 3aaBaeMbIMU SIBJISFOTCS. HE TOJIBKO TOYHBIE MPOCTPAHCTBEHHBIE KOOPAMHATHI 30HBI, TI€ OCYILECTBISETCS
B3aMMOJIEHCTBYE TEIa 1 BJark C UCCIIELyeMOit Cpesioil, Ho 1 00beM, TeMIiepaTypa M XUMUIECKU COCTaB TI0AAaBAEMOM
BJIard, a TaK)Ke BEIMYMHA U PEKUM Harpena.

'TOCT 19433-88. I'py3sI onacksle. Kinaccudukarus u MapkupoBka. M., 1988. 57 c.
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HckyccTBeHHOE CO3J]aHHE 0Uara CaMOHArpeBaHs B 3aJaHHBIX KOOP/MHATAX MO3BOJISIET OPIaHM30BATh TIPOLIECC
TakuM 00pa3oMm, 4ToObI 3agada OblTa OCECUMMETPUYHOM. B 1eHTpe eMKOCTH, B HEMOCpPEACTBEHHOI Onm3ocTh
OT €€ OCH CUMMETPHH, pacroiaraeM CUCTEMbI POBOLMPOBAHUS CAMOHArPEBaHMs U OTBOJA Teruia. BeiencTeue
CUMMETPUYHOCTH 3aJa4d OAaTYMKU TEMIEPAaTyphl W BIAXKHOCTU CIEIyeT He paclpeneisiTh Mo BCeMy o0beMy
MCCIIeIyeMOii Cpelibl, a PacroNIOKHUTh B BEPTHKAIBHON TUIOCKOCTH, 00pa3yronieil ITMHAP BMEIaroNIeii eMKOCTH

(puc. 1).
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Puc. 1. TlpuHIMnuansHas cxeMa 3KCIepUMEHTATbHOTO CTeH/IA!
1 — uccnenyemast cpena; 2 — pabouasi eMKOCTh; 3 — TETUIOU30JIALNS; 4 — UyBCTBUTENIbHbIE JIEMEHTBI;
5 — cucTeMa 0TBOJA Teria; 6 — cucTeMa MPOBOLIMPOBAHHUS CAMOHATPEBAHUS
Fig. 1. Schematic diagram of the experimental setup:
1 — medium under study; 2 — working capacity; 3 — thermal insulation; 4 — sensitive elements;
5 — heat removal system; 6 — provoking system of self-heating

J1i KOHTPOJISI CUMMETPUYHOCTU PErHUCTPUPYEMBIX MOJIEH TeMmepaTypsl M BIAKHOCTH JBa JaTyvKa
pacroaratoTcst B TOH e IUIOCKOCTH, YTO M OCTaJIbHbIE, HO CO CTOPOHBI, IPOTHBOIOJIOXKHOW OTHOCHTEIBLHO
BepTI/IKaJ'[LH()ﬁ OCH CUMMETPUHU EMKOCTH.

H3mepeHns npousBOAATCS OTHOBPEMEHHO B 30 pasIMUHBIX TOUKAX MCCIEAYEMOU Cpelibl, YTO MO3BOJISAET
C BBICOKOI TOUHOCTBIO MOJTy4aTh MPOCTPAHCTBEHHO-BPEMEHHBIE PACTIPEENIEHHS PETUCTPUPYEMBIX BEJTHUHH.

B pesynbrate m3mepeHuil moydaeM XapaKTEpHUCTHKH OYaroB B 3aBUCHMOCTH OT cOCTaBa Cpeibl, €€
MapaMeTpoB, a TAKKe BHEIIHUX NMapaMeTpoB (TeMIepaTypa, AaBJIe€HNE, BIaKHOCTb) U BPEMEHH.

[Tpu npeBbIIeHNN MapaMeTpaMK KPUTHUECKUX 3HAUEHHI BKITFOUAETCS CHCTEMA OXJIAXKJCHUSL.
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Paboyuii yaacmok cucmemvr omeooa menna
[MpuHIMTIIaTRHAS cXeMa pabodvero yuacTka CHCTEMBbI OXJIaXKISHHS MPeCTaBIIeHa Ha pHC. 2.

Puc. 2. TIpyHIMIIUaIbHAS CXEMa CUCTEMbI OXJIaXIeHHUS:
1 — rero3abopHas TpyOka; 2 — BepXHs CEKLUS MPeI0XPaHUTENBHOTO KOXKyXa; 3, 7 — NpOKJIaAKHY;
4 — TennonpoBoAHAs CEKIMs NPENIOXPAHUTEIBLHOTO KOXKYXa; 5 — AepxKarelb; 6 — MopIleHb;
8 — repmeTH3UpyOLIAs MPOKIANKA; 9 — TETIOU30JUPYIOLLUI CTaKaH;
10 — HIKHSS ceKIUs NPEIOXPAHUTENLHOTO KOKYyXa
Fig. 2. Schematic diagram of the cooling system:
1 — heat taking tube; 2 — the upper section of the safety case; 3, 7 — gaskets;
4 — heat-conductive section of the safety case; 5 — holder; 6 — piston; 8 — sealing gasket;
9 — heat insulating glass; 10 — the bottom section of the safety housing

ObecrnieueHune BbIMONMHEHNA "MPOUMX PaBHBIX YCIOBHIA" MPH PazIMYHbIX M3MEPEHHAX 00eCTIeYMBAETCSA HATMYHUEM

KECTKOTO KOXKyXa, MPeOXPaHAIOLIEro UCCiefyeMylo cpelly OT MEXaHMYeCKUX BO3MYILLEeHUH. [l MUHUMHU3aLUn
TEIUIOBBIX MCKA)KEHUI1 KOXKYX BBITIOJNIHAETCS CEKUMOHHBIM (2, 4, 10). Cekuus B palioHe oyara caMOHarpeBaHUs
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BBITIOJIHSCTCS M3 MaTephaia ¢ BRICOKON TETNIONMPOBOIHOCTBIO, a OCTANBHBIC YacTh (2, 10) — M3 TeIuIon30IISIHOHHOTO
Mmareprana. s MCKIIOYeHNS BO3MYLICHHH B MCCIELyeMOW cpesie, CBS3aHHBIX C XMMHUYECKMMH PEeaKLHUsIMH,
Ha Hapy>kKHYIO MOBEPXHOCTb TEIUIONPOBOSLIEH ceKLnU (4) HAHOCUTCS CIIOM CHeLanbHOro MaTepuaa.

Jn4 ocylecTBIeHUs TEIIOChbeMa Ha YpOBEHb TEMIONPOBOALIEH CEKLMU OMycKaeTcs Terio3abopHas
TpyOka (1). IHTeHCMBHOCTD TEMIOChbeMa MOXKHO BapbUpOBaTh, HaMpHUMep, U3MEeHAA pacxon M (UiM) cBOHCTBa
TEIUIOHOCHTESIA, MpoTeKatoLero B TpyOke (1). TeroBoii KOHTaKT MeX Iy BHYTpEHHEi OBEPXHOCTBIO TEILIONPOBOALLEH
cekLuu (4) u TerozabopHoii TpyOkoit (1) obecrieunBaeTcsl HAJIMUKEM NPOMEXKYTOUHOIO TETUIOHOCUTESIS, HAXOAAIErocs
B KarneJbHOM COCTOSIHUM.

[Toka TernozabopHast TpyOKa He OMylleHa HAa ypOBEHb TEIUIONPOBOAALIECH CEKIMW, TMPOMEKYTOTHBIH
TETUIOHOCHUTEITh He KOHTAaKTHPYET C TEIUIOMPOBOIAIICH CEKIel U HaXOMUTCS B 3yMII(e, OTACICHHOM OT HIKHEH
gacTh Koxkyxa (10) Terrom3oaupyomnmM cTakaHoM (9).

Korna termozabopHast TpyOxka (1) ormyckaercs B pabouee MooKeHHe, )KeCTKO CBSI3aHHbIN ¢ Hero MopIIeHsb (6)
BBITAJIKABAET MPOMEKYTOUHBIH TETIIOHOCUTENh M3 3yMII(ha B IPOCTPAHCTBO MEXIY TeT103abopHoit TpyoOKoii (1)
¥ BHYTPEHHEH MOBEPXHOCTHIO TEIUIONPOBOIAIIeH cekiwy (4). Termo 3 o4yara B HcclieyeMoit cpene depes ceKio (4)
1 TIPOMEXYTOUHBI TETIOHOCHTENb MocTynaeT B TpyoKy (1) u yHocutes u3 paboueit 30Hbl. [Iporcxoaut oxaxneHne
uccreyeMoii cpepl.

CocTosiHMe ouara caMoHarpeBaHHsl KOHTPOJIMpPYeTCs ¢ MOMOLIBIO AaTyikoB. Korna oyar camoHarpeBaHus
TMOJIABJIEH, KOHCTPYKLMSA, COCTOsIIIAas U3 TPYOKHM M COEAMHEHHOTO ¢ HElo MOPLUHS, yHAlseTcs U3 TerIoNnpoBOIALLeH
CEeKLIMM 3aLIUTHOro KoXKyxa. [IpoMesKyTouHbIi TEeNIOHOCHUTENb CTeKaeT 00paTHO B 3ymMI(.

[pouecc noBTopsAeTC UMKINYECKH U1 CHATUA JaHHBIX TIPU APYToit KOHGUTYypaLy pabodurX MapaMeTpoB.

3akaouenue

Pa3paboTana u co3qanHa SKCTIepIMEHTaIbHAS yCTAHOBKA [UIS FICCIIEOBAHMS TETUIO(U3NUECKIX TIPOIIECCOB
B CBIIyUYHX Cpe/iaX, CKIIOHHBIX K CAMOBO3TOPAHHIO. BIiepBhie MpeToKeHb! CIOC00 BBICOKOTOYHOTO CO3IaHMS 09aroB
CaMOHaI]DEBaHI/IH B CLIHy‘lI/IX cpez{ax HyTeM nmogayum Teria u (I/IJ'[I/I) BJIarn B TOYHO 3aJaHHBIC KOOp)_'[I/IHaTLI
Y aBTOMaTH4eCcKasi CUCTeMa OTBOJIa TeIlia U3 3aJJaHHOM 30HbI, C BAPHUPYEMOI HHTEHCUBHOCTBIO TETIOChEMa.
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Development of experimental stand for research
of foci of self-heating in free-flowing environments

For study the conditions of occurrence and rules of the development of foci of self-heating in friable media,
including cacked, a pilot booth for identifying mutual correlation of thermo-physical characteristics of the
investigated medium and external parameters has been elaborated. The stand allows managing processes in the
test environment: to provoke the emergence of self-heating hearths and vary the intensity of their development,
and to record the spatial-temporal distributions of temperature and humidity which restore interesting features of
the environment. Capacity for studying the granular medium is a vertical cylinder where the axisymmetric
problem is implemented due to emergence of self-heating chamber in the thickness of the medium being studied —
on the axis of the container symmetry. The center is created at the specified location by the granular medium of
delivery of moisture by the special channel and heating the given place to the desired value. Heat removing from
the source of self-heating is carried out at the expense of transfer of heat the coolant located in the heat taking
tube. The heat taking tube is placed inside the heat sink system which is a sectional tube that is installed in the
thickness of granular material under study. To eliminate uncontrolled flows of heat from self-heating chamber
for heat removal system the pipe section located outside the chamber provoking self-heating are made of
material with low thermal conductivity. The section located in the focal zone is made of high thermal
conductivity material. To improve the thermal contact between the tube and the inner heat taking surface
thermally conductive heat sink section the intermediate coolant system has been used. Contact of intermediate
coolant in the space between heat taking tube and the inner surface of the thermally conductive heat sink section
of the system is automatic when removal from the source of self-heating heat is necessary.

Key words: storage of agricultural products, self-heating, hotbed of self-heating, laboratory experiment, thermophysical measurements.
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