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Annoranms. B pa6oTe paccMaTpvBaeTCs BOMPOC — OX/AXAEHUS
TPYHTOBOFO  MaccuvBa C  MAacCMBHbIMU  CUACTEMAaMM  aKKyMynsLuu
€CTECTBEHHOIO X0/104a A/151 XPaHEHUs CebCKOXO03ANCTBEHHOW NPOAYKLWN.

ACCUMULATION OF NATURAL COLD FOR STORING
AGRICULTURAL PRODUCTS
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Summary. The paper deals with the issue of cooling a soil massif with
passive systems for accumulating natural cold for storing agricultural prod-
ucts.

Beegenme. [Ns  ONATENBHOTO  XPaHEHWUS!  CElbCKOXO3SCTBEHHOI
NPOAYKUMM B XpaHWAMLiaX OObIYHOrO TWMa HeoGXOAMMO MOAAepXKaHue
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onpefeneHHOro TemMnepaTypHO-BIAXKHOCTHOIO pexxnma. AHann3 Tpebosa-
HWUIA K TeMMNepaTypHOMY PEXMMY XPaHEHWs! CEMbCKOXO03AMCTBEHHOW Npo-
JOYKUMM NMOKa3bIBaeT, YTO TEMMNepaTypy B XpaHUAWLLaxX creayeT obecneyu-
BaTb B npegenax ot -1 go +4 °C.

OxnaxeHne eCTECTBEHHbIM X0/1040M 6yfeT NPOMCXOANTbL TOMBKO B Te
Mepuofbl, Korga TemmepaTypa Hapy)KHOro BO34yXa OMYCKAeTCs HMXKe
—2 °C. Npwn aToM 3gecb CnepyeT paccMaTpuBaTh BAMSHUE TEMNONPOBOAHO-
CTW TPYHTOBOIO MaccvBa B MEPUOL ero akTUBHOTO OXnaxaeHns. OcobeH-
HOCTb 3TOI 3afja4n 3aKNOYAETCA B TOM, YTO NPOMEXYTKN BPEMEHWN MEXLY
OTK/IHOYEHMAMMN CUCTEMbI aKKYMY/ALMU XON0L4A CPaBHUTENbHO He6oMbLUve
[1, 2].

OcHoBHasi yactb. OCHOBHbIE MPEVNMYLLECTBA CUCTEMbI OXNaXAEHUS,
MCNOMb3YIOLLEl eCTECTBEHHDBIV X0M04, Nepes TPaAULMOHHBIMU XON0ANb-
HbIMU CCTEMaMU 3aktovatoTes [1-4]:

- B 9KOHOMMW 3M1EKTPO3IHEPIUX, BOAbI, PACXOAHbIX MaTepuasioB U CHU-
YKEHUM KanuTasibHbIX U 3KCMyaTauMOHHbIX 3aTpar;

- B 06eCMeYeHnI BbICOKOW HaAEXHOCTM OXNaXAAILWMNX CUCTEM BCres-
CTBMUM HaNMUKA 3anaca Xo/104a B akKymMynsTopax, NpocToTe 06C1yXMBaHUA
N PEMOHTE;

- B HU3KOIN ce6eCcTOMMOCTM X002 3a CHET YMEHbLUEHNUS KanuTalbHbIX
3aTpar U 3KCNNyaTaLMOHHbIX PacX0f0B.

3agadvy MOXHO chopMynupoBaTb cnegytowmmM obpasom. IMycTb B Xo-
NOfHbIE MepMoAbl rofa € NOMOLLBI0 BEHTUAALMOHHBIX YCTaHOBOK B COOPY-
)KEHMe MOoJaeTcs XOMOAHbIA BO3AyX C Temnepatypoin t, < 4°C.
Mpun t, > 4 °C BEHTUNALMOHHbIE YCTAHOBKWM OTK/OYalOTCA. HavanbHas
TemnepaTypa rpyHTOBOro Maccuga tr,. byfem cumtatb, YTO UMeET MecTo
MHTEHCWBHbI/ BO34YX000MeEH M Mpu paboTe NMPUTOYHO-BBITSXKHON BEHTU-
nAuMM TemnepaTypa Bo3f4yxa B COOPY)XKEHUM paBHa TeMMepaType Hapy>KHO-
ro Bosgyxa t; = t,.

Mpu ycnosum t, < tr, OKPY>KalOLLMA COOPY>KEHME TPYHTOBOI Maccus
OypeT oxnaxpaarbes, T. €. NPOUCXOAUT akKyMynaumua xonoga. Ecnm npeHe-
6peyb BAMAHMEM Ha TeMMepaTypHOe MoJe rPyHTOBOr0 Maccmea YrioB Co-
OpY>KeHUs, TO JaHHYH0 3afla4yy MOXHO pacCMaTpuBaTh Kak OJHOMEPHYHO C
HEOrpaHMYeHHbIM MO OCK X FPYHTOBLIM MAaccuBoM. TemnepaTypa rpyHTa B
[laHHOI 3agade 6yaeT yHKUMel ABYX NMepeMeHHbIX KOOPAMHAT X U BpeMe-
HA T T.e. t(X,T) 1 BomkHa yaoBneTBOpATh AnddepeHLnanbHOMY ypas-

HeHuto Buaa [5, 6]

axT _ . o°t(x,1) ’

. (1)
ot OX
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rfae a — TeMrnepaTyponpoBOAHOCTb FPYHTOBOrO MaccuBa.
Ha noBepxHocTu X = 0 OCYLLECTBNSETCS TENNO0OMEH
at(x, 1)

® o ox
rae Arp — KO3unLMeHT TENI0NPOBOAHOCTY FPYHTa;

O — BHYTPEHHWI KO3 PMLMEHT Ten1006meHa.
HauasibHble ycnoBus npm

=a,[t(0,T)-t], )

£(%,0) = trp. 3)

PewweHvem cucTembl (1-3) ans 6e3pasMepHOIn TeMMepaTypbl

t(x, ) —-t,
—t

p B

8(x, 1) =

CNYXUT PyHKUKSA [3]

B(x, ) = erf (—

2./at

rae erfc :1—%J'ezzdi — (DYHKUMS OLIMGBOK;
To

+exp(hx + h%aT)erfc(— _h/ar),
) +exp( ) (2\/5 ). @)

a o
h = —% — oTHOCWTENbHbII KO3PULIMEHT TEMNOOTAAUMN.
P

3HaueHue BHYTPEHHEro Ko3a(hduLMeHTa TENOOTAAUYN O MOXKHO MNpef-
CTaBUTb, KaK CYMMY KOHBEKTUBHOW W NyYMCTOI COCTaBSIOWMX. 3HAUEHE
KOHBEKTWBHOI COCTaBASIOLLEN O, ONPeaensieTcs B 3aBUCUMOCTM OT Pexuma
JBWKeHUs Bo3ayxa. Eciv nogaya Bo3fyxa OCYLLECTBASETCS B OAHOM TopLie
COOPY)KEHUs!, @ BbITSKKA 13 APYrOro ero Topua, TO O, MOXHO ONpeaeunTb
13 KpUTEPWanbHOTO ypaBHeHUs Buaa [4]

Nu = 0,0195Re’%, (5)

rae Nu = a)':d — KpuTepuii HyccenbTa;

Re = wd _ KpuTepuii PeitHoNbACa;

Y
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As — TEMNONPOBOAHOCTb BO3AYXa;

W — CKOPOCTb [IBUXXEHUS BO3AYXa;

V — KMHemaTunyeckas BA3KOCTb BO3AYXa;

d — XapaKTepHbIii IMHENHbIN pa3mep.

3a XapaKTepHbIiA NMHENHbIA pa3mep crefyeT NPUHUMaTb 3KBUBANEHT-
HbI 4MameTp Mo NOLWaAN CeUYEHMs COOPYXKeHUs. UTO KacaeTcs yuyncToi
COCTaBNAOLLEN BHYTPEHHEro KoaduumeHTa Tenn1ooobMeHa, TO, Kak Nnoka-

3a/11 UCCIe0BaHWs, ee 3HaUYeHNe COCTABNISET 4_4 4 KK |
" M2-4-rpag
Takum 06pa3om, Npu paboTe NPUTOYHO-BLITSXKHON CUCTEMbI BEHTUNSA-
LMW OCYLLIECTB/ISIETCS OXNaXXAEHMe TPYHTOBOIO MaccyBa U pacnpefeneHme
TemnepaTypHOil (hYHKLUMM ONUCbIBAETCS pelleHneM Buaa (4). Mpu 3aTom
TemnepaTypa NOBEPXHOCTU OnpefenseTcs u3 pelleHuns (4) nytem nogcTa-
HoBKK X = 0.

0(0, T) = exp(h2at)erfe(hat). (6)

CnefoBaTtefibHO, BTOPbIM YMEHOM B pelleHun (4) npu BbIYUCIEHUAX
MOXHO MpeHebpeYb.

Mpy MCNONb30BaHNW BEHTUALMOHHLIX YCTAHOBOK A5 CKBO3HOMO Npo-
BETPMBAHUA XPaHUINLLA NPUTOYHBIA HAPYXXHBIA BO34YX MOXET HarpeBaTb-
cA B BeHTMNsATOpax Ha 1,5-2 °C. 3T0 3HAYMT, YTO CUCTEMA BEHTUNALNN
MOXET paboTaTb Ha CKBO3HOE NPOBETPMBaHWE MPWY TeMMepaTypax Hapyx-
HOro BO3Ayxa 0T —3 0 +2 °C, KpoMe TOro, Ha akKyMy/MpyeMmbliA X0nog
OKa3blBAlOT B/MAHME TEMMONPUTOKM, NOCTYNatoLiMe Yepes orpaxparoLve
KOHCTPYKLUW XpaHUULLA.

B Tennblii mepuof roga O6LUMIA 3HEPreTMYEeCcKWin GanaHCc XpaHWUIunLY,
CKMaJblBaeTCA M3 KOMMYEeCTBa TeM/oThbl, MOCTyMaroweid BO BHYTPEHHWI
06bEM COOPYXKEHWS Yepe3 NOKPbITUE Qo OT paboTaroLLero 060pyaoBaHms
Qos Y 32 CHET BEHTUAALMN TEM/IbIM Hapy>KHbIM BO34YyXOM Q. Takum obpa-
30M, 3anacbl xonofa Q,, akkymy/MpoBaHHbIe B OKPY)XXatoLeM FpyHTOBOM
MaccumBe, LOMKHbI KOMMEHCUPOBATL BCe 3TU TEMOMNPUTOKN.

Q= Qnok + Qg5 + Qs (7

KonuyecTBo xonofa, akKyMynpyeMoro rpyHTOBbIM MacCUMBOM B Teue-
HUWe onpejeneHHOro NPOMEXYTKa BPeMEHW, HaNpyUMep, B TEUeHNe BPEMEHN
HapaboTKN CUCTEMbI BEHTUNALMM Ha CKBO3HOE MPOBETPVBaHWE T, Onpeje-
nseTcs popmynoi
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Q =Q, - - \/)gc (t _tB)\E' ®)

KonmuyecTBo TennoTbl, OTAaBaeMOW BCeli BHYTPEHHEN MOBEPXHOCTbIO
OrpaXaatoLLmMX KOHCTPYKLUWIA, ByaeT paBHO

2)\y
I

rae +/AYC — Koa(h(ULMEHT TENNOBOK aKTUBHOCTY Tena Unn Ko3((ULMeHT

AQ (t, —t,)SVT, ©)

aKKyMynsiLyMm TennoThl (X0n104a);
t., — TEeMnepaTypa rpyHTa;
t; — TeMnepaTtypa BO34yxa;
QSD — KOJ/IMYECTBO XOJI0Aa, aKKYMY/MPOBAHHOIO [0 Hayaslo aKcnepu-

MEHTa;

T — Bpems paboTbl CUCTEM BEHTUIALMN;

S — nnowaab BHYTPEHHeR NOBEPXHOCTY CTEH 1 NOJa XpaHWNLLA.

Sakarouenue. /ICX04A U3 aHaNM3a BbINOHEHHbIX PACYETOB MO aKKyMy-
NALUM XONoLa rPYHTOBbIM MAcCUBOM, OKPYXKAIOLLMM XpaHunuLle, npu pa-
60Te CUCTEM BEHTWIALMM Ha CKBO3HOE MPOBETPMBAHME MOXHO CAenaTb
BbIBOA:

- ANA Y3bekucTaHa nNpy He6OMbLIOW MPOAOMKATENILHOCTM CTOSHUS
TeMMepaTyp Hapy>XHOro BO3A4yXa HWKe HyNsA rpafycoB 3arnacoB akKKymy/iu-
POBaHHOIO X003 MOXET OKa3aTbCA HeJOCTATOUHO;

- 30Ha FPYHTOBOr0 MaccvBa, akTUBHO Y4aCTBYIOLLEro B Terj000MeHe,
CPaBHUTENIbHO BENVKA U NO rybuHe gocTuraet 2-2,5 m;

- 3aMacbl X0/104a He MOTYT aKTUBHO UCMO/b30BaTLCS B TEM/ble NEPUOAbI
roga 415 onpefefieHHbIX NapaMeTpoB BO3AYLIHONM Cpefbl B OAHOM WU He-
CKO/bKMX MOMELLEHNAX XpaHunuwa. Cuctemy obecneyeHns XonoLom B
XPaHUAMLLAX CO CKBO3HbLIM MPOBETPUBAHMEM CrieflyeT OTHECTU K TaK Hasbl-
BAeMbIM «MaCCHUBHbIM» CCTEMAM.

B HacTosilLiee BPeMs MHTEPEC K TEXHOMOTMAM MOYYEHUs X0Noda BO3-
06HOBNSETCS B CBA3WM C HEOOXOAMMOCTbIO MOBbILEHUS TpeboBaHMA MO
3HeprocbepexeHunto, IHeProsPPEKTUBHOCTN 1 OCBOEHNIO BO30OHOBSEMbIX
MCTOYHMKOB 3Hepruu. MpupoaHbIii X004 OT/IMYAeTCS 3KOMOMMYECcKoin Y-
CTOTOIA, BO30GHOB/SIEMOCTbIO, W €r0 MOYYeHNe He TPEOYET 3HAUNTENbHbIX
3aTpar sHeprum.
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