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KOPOPUIUEHT TEIUIOITPOBOAHOCTHU KAK
KPUTEPHUU OLLEHKH PEKUMOB 3AMOPAKUBAHUA U
XPAHEHUSA CEJBbCKOXO3ANCTBEHHOMU ITPOAYKIIUN

Annaunk B.®. k.T.H.

Taspuueckuii 20cyoapcmeenHvili a2pOmexHoI02udeCcKuti yHugepcumem
Ten. (0691) 42-13-06

AHHOmMauua — JaHHasE padoTa MNOCBSIIEHA OMpeaeIeHHI0
CTEeNeHU BJIMSIHUS PACYETHBIX 3HAYEHHIT K03 ULIUEeHTAa TenJ100TAaYn
Ha H3MeHeHHe Ko3(Q(HUIUEeHTa TeIvIonpoBoaHOCTH. TeopeTuyeckue
HCCJICIOBAHNS TMOKAa3aJid, 4YT0 MNpPH omnpeaejeHun KodgduuueHta
TENJIONPOBOAHOCTH BJINSIHUEM BeJINYHHbBI ko3¢ punnenta
TEIJI00TAAYU MOKHO NpeHedpeyb.

Knwuoevie croea — kodpuuueHT  TEMJIONPOBOAHOCTH,
KOY(pPUIHEHT TeImI00TAAYH, BePTHKAJBbHO M TOPU30HTAJIBHO
PACIOJI03KEeHHbIE TL10/1bl, KBAJAP0OIHOPOHOE TEJI0.

Ilocmanoeka npoobaemsl. OT TNPaBWIBHOTO BBIOOPA PEXUMOB
3aMOpaXUBAHUS TUTOAOOBOIIHOW MPOAYKIIMH 3aBUCHT CPOK M KAYECTBO
coxpaHseMbiXx MI0oa0B. [losTOMy TmoOCTaBiaeHa 3aJada yCTAHOBIICHHS
(hakTopa, KOTOPBINA SABIAJCA OBl OMPEHEISAIONIAM TIPH BBHIOOPE PEKUMOB
3aMOpaXMUBAHUS.

Ilenvo cmamou SBISICTCS YCTAHOBJICHWE BAWSHUA Kod(pduiuenta
TEITIOOTAaUH HAa M3MECHEHHE KOA(PPHUIHEHTA TEIIIOMPOBOIHOCTH.

Ocnoenas uacme. KodpPULUUEHT TEIIONPOBOIHOCTH A SBIAETCS
(pm3uUecKol XapaKTepUCTUKOW Marepuajia, W OMPEASIUTh €ro MOXKHO
TOJIBKO B CICIMAJIBHBIX YCTAHOBKAX, IS TIOJOKHATEIBHBIX TEMIIEPaTyp.
[TosToMy, TpH ONpEAENeHUH A NpPU OTPHLATENLHBIX TEMIEPATypax, B
BO3YITHON WJIM JKHJIKOW Cpene, HeOOXOAUMO YUHUTHIBATh KOHBEKTHBHBIC
COCTaBJISIFOTIIHME, KOTOPhIe 0TOOpakaroTcs KO3 (PUITMEHTOM TETUTOOTAaYH O
¥ BIIMAIOT HA IUIOTHOCTH TETUIOBOTO MOTOKA ¢, BEMYWHA KOTOPOTO BXOAUT
B (Qopmyny jqusa  ompenenenus A. Takum  o0pa3om, 3HaueHHE
koddunrenTa TEmI00TAauM KOCBCHHO BJIMSET HA W3MCHEHHUE BEITMUUHBI
A.

OnpenenuM CTENICHb BIMSHAS PACUETHBIX 3HaUCHUH KO3 PUITUEHTA
0L Ha U3MEHEHUE A.

OSAmmauuk B.®. k.T.H.
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UccnenoBanuss wu3MeHeHHus Kod(pUIMEHTa TEIUIOOTAAUN  TIPH
TOPU30HTAIBHOM W BEPTUKAIIBHOM PACMOJI0KEHUHA TPOBOIMINCEH IS
IJIOJIOB  MMEIOMIMX  IMIHHAPHYECKYI0 ¢dopMy (MTOYATKH KYKYpY3HI,
OakakaHbl), KOHWYECKYIO (Tieper] ClaakWii) W TUIOCKOH TUTAaCTHHBI
(Kpy»KOUYKH KaOauKOB).

KoadpdumumenT Termoornaun o st TOPU3OHTATBHOTO PACTIONIOKCHUS
MJI0/IOB, UMEIOIIUX MHJIHHAPHUECKYIO (opMy, ONpeAessica mo GhopMysie
[1,2,3]:

(D

rae Nu — kputepuii Hyccenbra,
A — TemIONpOBOIHOCTH Bo3ayXa, B1/(M-K);
[ nMHEHHBIH pa3Mep, M.

Kputepuii Hyccenpra onpenensics no KpurepuaabHON
3aBucumMocTH [1, 4], B coorBercTBHM ¢ III —i1 Teopemoii mogo0us A
HAaITeTo cirydas (T.e. Ui Clydas CBOOOHOW KOHBEKITUHU C YUETOM YHUCIIA
I'pacroda u [pararis).

0,25
Nu=(Gr-Pr)"? . P , (2)

Ti
rae Gr - kpurepwii ['pacroda;
Pry, Pry, — xpurepuii [IpaHarisi COOTBETCTBEHHO TOBEPXHOCTH TLIOMA M
BO3/IyXa.
Ota 3aBUCHMOCTh BBIOpAaHA i Cilydas CBOOOJHOW (€CTECTBEHHOM)
KOHBEKIIUH.
Kpurepnii I[lpanaris omnpeaensuics TO  TMOJYYESHHBIM  HaMHU
AMITUPUYECKUM 3aBUCHMOCTSIM

Pr=23-107"-0° +107° -0’ - 0,0007-0+ 0383, (3)
rae 1 — Tekyllee 3HaUCHHUE TEMIIEPATYPhl B XOI0AWIbHOM Kamepe, °K.
Kpurepwuii ['pacroda [6]:

3
Gr =P gvj" A 4)

rae f3,- koadunreHT 00beMHOTO pacIIMPEHHs BO3AYyXa,

£ — YCKOpeHue cBoOoHOro najaeuus, 9,81 m/c? ;
At — pa3HOCTh TEMIIEPATyp IJI0IA M BO3yXa B XOJOAMIIPHOM KaMepe,
V — KHHEMaTH4eCKas BA3KOCTh BO3/yXa, m/c.
KnnemaTnueckas BSI3KOCTh ONPEACTATIACh MO IMOJIYYEHHOM HaMH
SMIIMPUYECKON 3aBUCUMOCTH

v=(-77-10"7 -0 +0,00055-O° —0,053-0+238):10°. (5)
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Kospdurmment o mid BEpTUKANBHOTO MWIMHAPUUYECKOTO THIOAQ
onpenensiii mo ¢opmyne (1) BoIOpaB B KauecTBE JMHEHHOTO pa3Mepa
JUTHHY 11012 A.

Kputepuit HyccenbTa onpenenanace no 3apucumocti [1, 2, 3]:

0,25
Pr.
Nu=015(Gr-Pr)"" | =L | . (6)
Pr ‘i
Kpurepuit ['pacroda mo ¢opmyne (4), BboiOpaB B KaueCTBE
JIMHEWHOTO pa3Mepa UTMHY Iioaa /:, B JaHHOM CJIyYae TUTOJ] PACTIONIONKEH
BEPTHUKAILHO, TIOITOMY YCJIOBHO 0003HAYMIH JUTHHY 11013 OyKBO# A:
.o h3 - At
Gr=P8 = (7)
1
[IpoBenennsie pacuersl mokazamm (puc. 1), uro korpdumment o mpu
XpaHCHHUH TITOMOB MUIHHAPUYecKor popmbr mmerommx guametp 0,07 M u
mwnay 0,18 M mpakTHUecKH m3Menseres Ha 5 Br/m’K
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Puc. 1. smenenne korddurmenTa TemiooTnadn B 3aBUCUMOCTH OT
TEMIICPATYPHI IS ITATHHAPHUIECKAX TUTOA0B!

1 — ropu3oHTaNBHOE PACHONOKEHHUE TJI0AQ; 2 — BEPTUKAIBHOE
pacmonoXKeHne

[Ipu ompenenenun kodpdunmenta o u kputepus ['pacroda mis
TOPU3OHTAIBHO PACHOJOKEHHOW TUTACTHUHBI (KPY)XKOUYKHM KabaykoB) B
dbopmynax (1) u (4), moacTasiasieM TONIHUHY MJIACTHHBI.

Kpurtepnit HyccenbTa onpenensanu no 3aBucuMoctu [ 1, 5]
1

Nu=0,96Ra’ (8)
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rae Ra - xputepuii Pernes.
Ra =Gr- Pr. 9)
[Ipu ompenenenun koddpdunmenta o u kputepus ['pacroda mis
BEPTUKAJILHO PACTOJIOKEHHON TiacTHHB B opmynax (1) u (4), BMecTo
JUTMHBI TJ10]1a TIOJCTABIIAEM TUAMETP.
Kputepniit HyccenbTa onpenesnaim o 3aBUCUMocTH [2, 3]

Nu=0755(Pr’-Gr)"? (10)
Beimonaum pacuer ais mactuHbl Toauaon 0,02 M, nmameTpom
0,08 m.
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Puc. 2. smenenne korddurmenTa TemmooTnadn B 3aBUCUMOCTH OT
TEMIIEPaTyPHl 111 0OBEKTOB, HMEIOIINX (POPMY TIJTACTHHBI:
1 — ropu3oHTaNBbHOE PACHONOKEHHE, 2 — BEPTUKAIBHOE PACIONI0KEHHUE

[IpoBeneHHbie pacueThl TOKazau (puc. 2), uro kodpdunueHt o
XPaHECHUH TUIOA0B MAKCUMYM U3MEHSETCS HA 5 Br/m’K.

JIna TI00B, WMEIONMX KOHWUYECKYIO (hOpMY, PaCIoOIOKEHHBIX
rOPU30HTANIbHO, KpuTepuii HyccenbTa onpenensics Mo 3aBUCUMOCTH: |2,
3, 5]

Nu=0615Re"*’, (11)
rae Re - yucno Peiinonpaca
v-d,,
Re = _— (12)

r7e U - CKOPOCTh ABMIKCHHS BO3Iyxa, papHa 0,6M/c;
d., - cpennnii uameTp Konyca, paset 0,05 .

Jlna BEpTHKAIBHO PACIOI0XKEHHOIO KOHyca kputepuit Hyccenbta
onpee-sau o 3aBUCUMOCTH [2, 3, 5]
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1 1

Nu=0,664-Re’- Pr3, (13)

Re=Y" (14)
A%

rae A - Beicota, paBHa 0,08 M.
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Puc. 3. smenenne korddurmenTa TemiooTnadn B 3aBUCUMOCTH OT
TEMIICPATYyPHI IS TIOI0B, UMEIOIITUX KOHUYECKYIO (hOpMYy:
1 — ropu3oHTANBHOE PACHONIOKEHUE, 2 — BEPTUKAIBHOE PACTIOI0KEHUE

[IpuBenennsie pacueTsl mokazaim (puc. 3), 9to KOIDUIHCHT
TEIJIOOTAQUH JUTS TIOIOB, MMEIOMUX (opMy KOHyCa TPAKTHUECKH HE
WU3MEHSETCS OT TEMIIEPATyPHI.

Pacuerst moOKazam,  YTO KOJNMYECTBO OTJABACMON TETUIOTHI B
MHTEpBajie Temmepatyp ot 25° a0 muHyc 40° C, 1 UCcCneayeMbIX MI0I0B,
u3Mensaerca npumepHo Ha 0,10-0,20 Bt Ha oauH rpaayc.

[Tosromy mipu ompeneneany Kod(pQHUIMEHTa TEMLTOMPOBOAHOCTH A
KOCBEHHBIM BJIUSTHUEM BEJIMUHHBI 0L MOYKHO MTPEHEOPEUb.

Ha ocHOBaHMM SKCHIEpUMEHTAILHBIX HWCCJICAOBAHHM, MPOBEACHHBIX
HaAMW, TOJAy4Ye€H OOMMPHBIN  OSKCICPUMEHTAGHBIA  Marepuaa 1o
onpenenacHuo ko3 dunpenTa TEIIONPOBOJHOCTH OBOIICH Pa3IMIHBIX
THUTIOB, TIPEK/E BCETO KyKYPY3bl MOJIOUHO-BOCKOBOH CIIEIIOCTH, OaKJIaXKaH,
nepua, ThIKBbI U BUHOTpaaa [6, 7].

[[1omo0BOIIHYI0  MPOAYKIMIO  MOXHO  paccMaTpuBaTh  Kak
KaMWUISIPHO-TIOPUACTYIO  CTPYKTYPY, TEIIO(U3HUECKUE XapaKTEPUCTUKH
KOTOPOH M3-32 CJIOKHOCTH W MHOTO(A3HOCTH 3aBUCAT OT BIIAXKHOCTH,
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IUIOTHOCTH,  TEMIMEPaTyphl,  XUMHUKO-MHHEPATHHOTO  (ITOYBEHHOTO)
MPOUCXOXKACHUS U T.1. [8§, 9].

Kak npaswuino, nmogoOHas 3amada TpeOyeT COCTaBICHHUS, PEIICHUS 1
ananm3a auddepeHImaIbHOTO YPaBHEHHUS THTIA;

a_tfofay, ofa, af | 4
ot cp|ox\ ox) oy\ ov) oz\ oz cp
rae ¢ - remneparypa, °C;

T - BpeM4, C,

C - yIeabHas TEmI0eMKOCTbh, KJIx/ (kT - K);
3
O - TUIOTHOCTH TeNa, KI/M’;

X,V,Z - KOOPDAWHATHI |

A - koa(durent Termonposoaroctr, Br/(m - K);
(, -MTHT€HCUBHOCTb NCTOUYHHUKOB TEILIOTHI, BT/M.

TennonpoBOJHOCT,  OBOIIEH ~ MOXHO  MPEACTAaBUTh,  KakK
TEMIONPOBOJAHOCTD CUCTEMBI COCTOALLIEN M3 CYXOro BEIIECTBA, BOIDI, JIbJA
Y TIApOB T.€.

noo

SN
X .
2a©)

Paons (O)

OnHako, HaIIM UCCACIOBAHMS TMOKA3ajd, YTO SKBUBAJICHTHOE
3HAUEHUE A KOJTMUYECTBEHHO OTOOpPaKAeT CTPYKTYPHBIE 3aBUCHMOCTH
VKa3aHHOW CHCTEMbl HE paCKpbiBas WX B3aUMOCBA3U, YTO BIOJIHE
JIOCTATOYHO ISt TEXHUUYECKUX pacyeToB. H3BecTHO, 4YTO
TEMJIOMPOBOJMHOCTh MaTepHaia 3aBUCHAT OT pa3IMYHBIX (PakTOpoB, a
MMEHHO OT BJIArOCOJAEP>KaHMs, IJIOTHOCTH, JWara3oHa TEMIeparyp B
KOTOPOM MPOBOJATCS U3MEPEHUS TEMIOTPOBOAHOCTH.

A= fOV,p,T.C).

Hamu ycTaHOBIIEHO, YTO BJIArOCOACPKaHUE U IUIOTHOCTh B CTauU
TEXHUUYECKOW CIEIOCTH, [UIl KAXJIOro CcOpTa OBOUICH, sBIsAETCA
MPAKTUYECKU BETUUUHON MOCTOAHHOM.

Ananus nureparypusix uctrounukos [10, 11, 12, 13, 14, 15] nmokasan,
YTO 3aBUCUMOCTh TEIUIOEMKOCTH OT TEMIEPATyphl MOAUYHUHSAETCA
MOJIMHOMUATFHOMY 3aKoHy (Puc. 4).

U3 puc. 4. MOXKHO cAelaTh BBIBOJA, UTO MpH Temmeparype Hubxe 0
[lenbcusi TEMIOEMKOCTh HECKOJbKO TOHMXKACTCSA, a 3aTeM UMEET
XapaKTepHBIH CKAueK, CBSA3aHHBIA C (Ha3oBBIM TpeBpareHueM |

()
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YBEIUYEHHUEM JI0JIH BBIMOPOKEHHOH BOJBI IO HEKOTOPOrO 3HAUYEHHMSI, TIOCTIE
KOTOPOTO TEMIOEMKOCTh YMEHBILIAETCA.

OnHako, B MHTEpPBAJIE MCCIEAYEMBIX HAaMH TeMIlepaTryp, OT
Kkpuockonuueckoil 10 mMuHyc 20°C TEmI0eMKOCTh U3MEHAETCA He Ooliee
yem Ha 123% (0,440 /x/kr°’K) W ee BIMSHHME Ha H3MEHEHHUE
K03 UIMeHTa TEIUIONPOBOAHOCTH MOXKHO HE YUWTHIBaTh. YUMTHIBAs
BBIIIE CKa3aHHOE B JAJIBHEHIIMX HCCIAEAOBAHUAX OCHOBHOE BIIMSHHE
VAETANOCh  WM3YUYEHUIO  BIMAHHAA  W3MEHEHUS  TEeMIepaTtypsl  Ha
TEMI0EMKOCTb.

kJx/kr-°K 4 - y = 8E-07x" - 0,001x* + 0,4833x° - 121,74x* + 15317x
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Puc. 4. I3meHeHMEe TEMIOEMKOCTH OT TEMIIEPATyPhl

VYpaBHenune 15 MOXHO 3amucarh C MCIOJIL30BAaHMEM OIMeparopa
Jlamaca.

Onnako omnpexaeneHwe omeparopa Jlammaca  compsieHO C
HEKOTOPBIMH TPYJHOCTAMH MATEMATUYECKOTO XapakTepa.

[TosToMy pammonanbraee onpeneiaTh dbdexTuBHbIN KOdDPUIHEHT
TEIUIONPOBOJAHOCTH, PaccMaTpuBas IUIOABI WJIM OBOIIM KaK HEKOe
KBa3UOJHOPOJIHOE TENO.

JIns Takux OBOILEH, Kak Oakia)aHbl, MOXKHO BOCIOJIb30BaThCA
TEOPUEH  PaACHpPOCTPAHEHUA  TEIUIOTHI MOIEPEK OECKOHEUHOT O
UWIAHAPUYECKOTO CTEPKHSA TMOCTOSHHOTO CEYEHHUs, IMOYaTKa KYKYPY3bl
MOJIOUYHO-BOCKOBOM CHEIOCTH — OECKOHEUHOW IMIMHAPUYECKON CTCHKH
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(Tpy©On1), g parmenTa (KyOwuka) THIKBBI — OJHOPOJHOMN TJIACTHUHBI, a JUIA
nepia — KOHyca ¢ MOJIOCTHIO.

HMcTouHMKOM TETUIOTHI MOXKHO CUWTATh CaM MaTepuaj Tulofa,
HarpeThiii 10 KOMHATHOW TemriepaTypel (B seTHee Bpems 29..32 °C).
YCNOBHO WCTOYHHMK TETUIOTHI KOHIICHTPHPYETCS BJOIb OCH IUIOMA.
Ilepeitns k  aOCOMIOTHOM  TeMmmeparype, TMOJyYdM  YIPOIIEHHOE
muddepeHnraaIbHOe YPaBHEHUE TETUIOMPOBOHOCTH:

or A (& 6
or c-p\ox’ )

rae 1 - Temneparypa, K;
X - PacCTOSIHUE OT LIEHTPA TUIOJIA, M.

Permenniem »Toro YPAaBHCHUA ABJIACTCA CIICAYIOIICC BLIPAKCHUC!
[10, 11]

NN
T(x,7)=T1,1-0 ; 17
(x,7) i (17)

rae 1'(x,T )- TeMmneparypa B MOMEHT BPEMEHH T Ha PAaCCTOSHHHM X OT
ocy, K;

T, - nayanpHas TeMmneparypa mioga, K;

@ - uHTerpan seposTHocTH ["aycca [16];

pryYeM
xfpe .
5 :_ZM {m/%} ‘ X4/ pc (18)
2% % 2% '

Jlnsa ompeneneHuss UYHMCICHHOTO 3HauYeHWs MHTerpana [aycca
NPOBEICHBl HKCIIEPUMEHTHl TI0 3aMOPAKMBAHMIO OO0paslloB  IJI0Ja
OaxyakaHa, KyKypy3bl MOJIOUHO-BOCKOBOHM CIIEJIOCTH, TIEPIa W THIKBHI B
napax a30Ta v XOJIOAUIBHON KaMepe.

HWcrmosb3ysi  MOMyYEHHBIE OMBITHBIM TyTeM 3HadeHus 1(X,T),
OTIpeACTISUTN YUCIIEHHOE 3HaueHue nurerpana ['aycca no gopmye:

o Xpe | 0 =0laz) (19)
2ar 0,

[To yucnenHomy 3HaueHHO uHTerpania [aycca w3z Tabmui [16]

OTIpENIENSITACh BEIMUMHA apryMeHTa Dy HKITHHA

,_wlpe
NI

B cBoto ouepenp, mHTEpecylomas Hac BenuumHA KOod(pduimenta
TEIUIONPOBOAHOCTH, BBIYHMCIIANACH MO (hopMyJie:

1252-/3-17

20
R (0)
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Buvieoowsl. 1lpoBeneHHbIE UCCACAOBAHUS TO3BOJIUIN ONPEACIIUTh
BETUUMHY KOd(pUIMEHTa TEIUIOMPOBOAHOCTH TIPH  OTPHIATESIIBHBIX
TeMneparypax ajia OakjiakaH, MOYaTKOB KYKYpPy3bl MOJIOUHO-BOCKOBOM
CIEJIOCTH, MEPIIA U THIKBBI.
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KOE®IUIEHT TEIJIOMMPOBITHOCTI SIK KPUTEPI
OLIIHKH! PEKUMIB 3AMOPOKYBAHHS 1 3BEPIT'AHHSA
CLIBCBKOIOCHOJAPCBKOI IMTPOYKIIIT
Smmaunk B.O.

AHomauia - naHa po0oTa NMPHCBAYEHA BH3HAYEHHIO CTYNEHs
BILIMBY PO3PaXyYHKOBHX 3HaueHb KoedillieHTa TeIuIoBiaaaui Ha 3MiHY
KkoedinieHTa TenonpoBiaHOCTI. TeopeTuyHi MOCHITKEHHS] MOKA3a/Iu,
0 NpU BHU3HAYEHHI Koe}Iili€eHTa TEIUIONPOBIIHOCTI BILUIUBOM
BEJINYMHU KOoe(]ilieHTa TernJioBiaaadi MOKHA HEXTYBAaTHU.

COEFFICIENT OF HEAT-CONDUCTING AS CRITERION
OF ESTIMATION OF MODES OF FREEZING AND STORAGE OF
AGRICULTURAL PRODUCT

V. Yalpachik

Summary
This work is given devoted to determination of degree of
influencing of calculations values of coefficient of heat emission on
changing of coefficient of heat-conducting. Theoretical researches
rotined that at determination of coefficient of heat-conducting it is
possible to ignore influencing of size of coefficient of heat emission.



