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Y. P. Kochetov, E. N. Tomchyk

THE FEATURES OF HEAT TRANSFER PROCESSES BETWEEN THE PACKAGED PRODUCT
AND ENYIRONMENT DURING OF PERIODIC FLUCTUATIONS IN TEMPERATURE

The mathematical model of heat transfer between the product and the environment (including the
storage of fruits and vegetables) at the ambient temperature changes due to the periodic law is described.
The results of calculations on the model and their comparison with the results of investigations of apples
storage in the packages with liquid (water) interlayers with high thermal stability were presented.
Comparison of calculated and experimental data showed that the proposed mathematical model can be
used for the describing changing character and denoting the amplitude of temperature fluctuations in
the bulk product packages in the periodic fluctuations in ambient temperature, depending on the
configuration of packages.
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B cmamoe npueeoenn pe3yanmamol 3KCAEPUMEHMAALHOIX UCCARADBARUT RO U2YICHIIO U 3UKO -
MEXARUMCCICUX CEOHCINE MORUBAMOYPU 8 JUBHCUMOCIME OM YCAORUE XpaHeHUs KiyORed, dast yema-
HOBACHUA ORMUMUABHON INEXHOAOUN OYUCHIKH 220 HOBCPXHOCMUY,

MCCNEAOBAHUE ®U3UKO-MEXAHUUYECKUX CBOUCTB
TONMHAMBYPA

P¥I1 «Hayuno-npakruyecknii uenrp Haunonansnoii akagemun nayk Benapycn
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waen-xopp. HAH Beaapycu, doxmop mexnuveckux nayx, npogheccop,
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C. A, Apraym, kandudam mexnuHecKux Hayx,

U, 0. HAHAABHUKA OMOeAQ HOBBIX MEXHOAOUH 1 MEXHUKY,

E. K. Bymaeeuu, acnupanm

Apnaompriicst SAU3KAM POACTBEHHUKOM MOICONHETHUKA, TOMHHAMOYp TIpeicTABAAeT COOOH MHO-
roJdeTHee KNYGHEHOCHOS pacTeHUe CeMelCTBA CA0XKHOUBETHLIX, 061aJal011ee MOLWHOM KOpHEBOM
CUCTEMOI U AOCTUIAIOLLEE B BEICOTY A0 3 — 4 M. OcobeHHO LMPOKOH NONVAMPHOCTEIO B KYNHHAPHHI
M HAPOIHOMH ME&IMLIMHE PA3HBIX CTPAH MHUPA N3IABHA U TPATULHNOHHO MOJb3YIOTCH KIYGHM TOMMHAM -
Gypa, obnagaoline NpUUyAIUBOHA (QOPMON, MPUITHBIM CAIAJKOBATBIM BKYCOM, BbICOKOM MULUSBOI1
M TMETOIOMHYECKOH HEHHOCTBIY, A TAKXE LHPOKMM HaGopoM neneGHbix ceoicTe [1, . 6].

B HacTosnee BpeMs TonMHAMOYP B IPOMBILLLIEHHBIX MaclITabax BozAeabIBacTCH Kak B Pecny6an-
Ke benapych, Tak U Pocchiickoll Pegepauny, 3TO LeHHAd KOPMOBAs, TEXHHUSCKAH H NPOAOBOABC-
TBEHHAs KYABTYPa (MpHUEM NO YPOKAHHOCTH CYLLIECTBEHHO NMPEBOCXOANT CAXAPHYIO CBEKAY, KYKYpY-
3y H KapTodenb, a N0 NHILEBOH UEHHOCTH KAVOHH TONUHAMOVPa TUIHPYIOT ¢pedl DOMbLIHHCTBRA
BbipalllBacMblX B cTpadaXx CHI opoweit). TonuHaMOyp B ceBOOGOPOTE BBICAKUBAKT A5 NOBLILLIEHU
OACA0POIH CEALCKOXO3MHCTBEHHBIX YIOAHH H 3ALLIHTH] MOCEBOB OT BETROB.

Coaepxalliie B CBOEM COCTABE 00AbLIOE KOJHUSCTBO NEKTHHOB, KAYOHH TONHHAMOYpa HCTOAb3Y-
IOTCS B MPOH3BOACTBE MAPMENAIA, Kele, BAPEHbA W IKEMOB A5 AHeTUUECKOTO H ASTCKOTO IMHTAHHSL.
Kpove Toro, TomrHaMOyp yKe Ha TIPOTAKeHHH MHOTHX JIeT HAXOAAT NpUMeHeHHe B XTebodyIouHOM,
MACHOH, MOTOTHOI W KOHCePBHON MPOMEBITIITEHHOCTH, HCTTOAB3VETCS B TIPOA3BOACTBE aTKOTONBHEBIX
1 Be3aNKOTONBHEIX HATINTKOR, B TIPOM3IBOACTBE pasHoobpa3HEIX 0HOMOTHIECKH AKTHRHEIX T00ABOK (B
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3TOH chepe bapMalleBTHUECK O MPOMBIILTEHHOCTH KIYGHU TOMHHAMOYpa HCIOMB3VIOTCS B OCHOBHOM
B KAYeCTBE HCTOUHHUKA MHYAHHA) [ 1, ¢, 42].

Bo MHOrUX cTpaHax MUpa KAYOH:AM TOMHMHaAMOypa HAxXQaHMT pazHoo0pasHoe NpUMeHeHHe (3TH Bbl-
COKOMUTATENbHbBIE KOPHEMNIOAB! HCNQIB3YIOT KAK CAMOCTOITENbHO, TAK W B COCTABE PATHYHBIX QITIOL,
noApepras HX NpeABapHTENbHO BapKe, KapeHHID, TYWEHUIO, CONTeHH KD, MAapHHOBAHHIO, KBALLEHHIKD,
KOHCEPBUPOBAHHIO, cyWKe). CTOUT OTMETHTE, YTO H TIPH TAKHX pa3HooOpazHBIX BHAAX KYAHMHADPHOI
00pabOTKH KOPHEMI0ALI TONHHAMOYPa He TOALKO COXPaHAOT B 3HAYUTEAbHOMH CTEMEeHH CBOK TTHILIE -
BVIO [IeHHOCTB H Maccy MeAeOHEBIX CBOMCTER, a TAKXKe NMpHobpeTaoT BoNee HACBIIIEHHEIH BKYC H ApoMaT
MO CPABHEHHID CO CBEXKWMHI KNYOHAMH 3TOro pacTeHnd |2, ¢. 8|.

B coctap TomimHAMOYpa BXOIAT: TIEeKTHHEL, caXapa, MAHepalbHBIe CONMH (KpeMHI, Kanus, Kenesa
H IHHKA}, 6eTKH, AMITHOKHCAOTEI U, pa3zyMeeTcsT, MHOXeCTBO BHTAMITHOB.

B TonmHaMOype comepXuTea MHYINH, BEIIIECTBO CTOIb HEOOXOMIMOoe TeM, KTO CTPamaeT caXapHbIM
miabetoM. JlokazaHo, 9To peryaspHoe yIoTpeOaeHne TOMAHAMGYpa TIUTeTEHEIH TPOMEXYTOK Bpe-
MEHU CHUXAeT ypOBeHb caxapa B KPOBH. DTH CBOICTBA AeNAIOT ero KpaliHe HeoGXOIUMBIM KAK TeM,
KTO yxe BoleeT caxapHbiM AHAGETOM, TAK M TeM, KTO IIOABEPXKEH 2TOMY 3a001eBAHUID M HMEET PUCK
zabonets [3, c. 27].

IMoMUMO TIOB3BI 4151 AUAGSTUKOR, TIOAE3HBIE CBOMCTBA TOMHHAMGYPA OKAZBIBAIOT MOMOXHTEIBHOE
BIMHHME HA MHLIEBAPHTEIbHYIO CUCTEMY YeJIOBEKa.

TonuHaMGyp peKoOMEHAYeTCH PeryISIPpHO YIOTPeGIsiTh NIOMSIM, KOTOPBIE XXUBYT B TOPOAAX € ILIOX0M
3KOAOTHYECKOH Cpeldoi, TaK KAK OH BBIBOAMT H3 OPraHHU3Ma COMU THKEIbIX MeTaNI0B [3, ¢. 35].

B HacTosilliee BpeMst OBOLWH H pYKTH B BUAS NoAydadpHKATOB OBOWEN Ha cTONe NOTpedNTENEH
JICAKHBI HAX0AATCSH HA TIPOTHKEHUH BCero roia, a He ce3oHHo, OAHHUM U3 BCEBO3MOKHBIX CMOCODOB
MOAroTOBKH HATYpaAbHEIX MoAydhadpUKATOB HBIdETCH BaKYYMHUpoBaHUe, Tlepea nuiueBoil npoMblil -
JeHHOCTBIO CTOUT 3aaua GecnepedoiiHOH MOCTaBKH TAKHX NoayhadpHKaTOB B TOPrOBYIO CeTh B BaKy-
VYMHOH YITAKOBKe.

Lleasio HAITIY 3KCTIe pUMEHTAABHEBIX HCCIeI0BAHHI IBJIAIOCE H3yueHIe PH3NKO-MeXaHIIeCKHX
CBOWCTB XapaKTepHCTHK TOMHHAMOYpa B 3aBHCHMOCTIH OT VeIOBUH XpaHeHHd KnyCHeil. OT cBolicTBa
CEIPBS 3aBHCHT TEXHOIOTHS OUHCTKH TIOBEPXHOCTH, TTPOH3BOIUTEABHOCTE H 3(pheKTHBHOCTE paboThl
TeXHONMOTHIECKOTO 000pYIOBaHN, TIOTEPH, KAUeCTBO TOTOBOU MPOMYKITHH.

B kadecTBe 00BEKTOB HccAeAOBAHHA NCTIONB30BAMN KIYOHA TOMAHAMGYpa ¢ 06paboTKoi moBepx-
HOCTH (OBYXCTYIIEHYATOH MOHKH W ITOACYITHBAHHS) € TIENBI0 CHUKEHHA HCXOMHOH MUKpPOOHOMOTH-
yeckoii obceMedeHHocTH. Ha xpaHeHHe GbIAM 3an0XKeHBI OTCOPTHUPOBAHHEIE 06paziibl (TOBAPHO KAa-
YeCTBeHHBIE ).

Hccnemyemble o6paziibl XpaHUIH TIPH CASAYVIOIIMX TeMIIePATYPHBIX PeXUMAax:

¢ rpyinaA — (0= 1) °C;

¢ rpymnaB — (11 £ 1) °C;

¢ rpymnaC — (22 + 1) °C.

TonuHaMBYp XpaHUIU B MATKOH Tape ¢ OrpaHUUYSHHBIM JOCTYITOM BO3AYXa — IepMeTHYHO VITaKo-
BAHHEIM B MAKETHl U3 NOAHITUIEHOBOH MNSHKH.

B xayGHs X onpeaeasiu;

¢ MAcCOBYIO AGJIO CYXHX BELIECTB;

+ Koa(ppHLHEHT 00BEMHOrO CMATHA;

¢ TBepPAOCTh;

¢ CHIY pesaHus.

J1s menBITAHA KadecTBa KAYOHeH TomHHaMOypa HCTIOMb30BANUCE CIeMYIONIHe MeTOIHKIN:

1. Onpedenentie codepyicdnn CYXUX geuecms.

OnpeneneHne MaccOBOI HOTH CYXHX BeIIecTB B KIYOHAX OCYIIECTBIANN METONOM BBICYITHBAHUS
IO TOCTHREHN 3aJaHHOTO BpeMeHU CVIIKH TIPH 3aJaHHOH TeMIepaType. MeTtanmnndeckie GIOKCHI
¢ HaBecKOH o0pa3ra Maccoil 3 I BRICYIIFBATH B CYITHABHOM 3MeKTPHYECKOM MKady MpH TeMIepaTy-
pe 130 °C B Teyenne 50 MMH OXJIAXKIATH B 3KCUKATOPE B TeueHHe 20 MMH U B3Be LLIMBAMM.

MaccoByio OO CYXUX BelllecTs B KnyGHux TonnHaMmGypa, CB, %, paccuuteieaiu no gopmyie:
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cB="1"" o0, (1)
m3
rae i, —Macca O10KChl ¢ HaBecKOo# obpasiia mocie BBICYLUIMBaHUA, T; 1, — Macca G0KCHI, T} 1, — Mac-
ca HaBecKM obpasla, L.

Pesyawrar oKpyIiIsSam oo mepBoro MecATUIHOTO 3HAKa.

3a oKoHYATeTBHEBIH pe3yIbTaT MPUHUMAIH CpelHee apidMeTHIeCKOe Pes3yABTATOB IBYX ITapaienb-
HBIX OTIpefieIeHuI, abCOMOTHOE pacXoXIeHHe MeKIy KOTOPBIME He JOJDKHO TpeBhImaTth 1,0 % (pu
OTHOBpPeMeHHOI1 cyIIKe Tpob B mKagdy).

2. Onpedenenue cunvl pe3anus KayoHell.

OrnpeaeneHne CHIB pe3aHusa KTyOHeH TomuHaMOypa OCYIIecTBILIN Ha TeKCTYPHOM aHaTIH3aTope
«Brookfield CT3-10000» (Brookfield, CIIIA) mpeacTaBieHHOM Ha puc. 1A.

O6pazel ycTaHABIMBAJIN HA CTONHMK ITpUOopa ¢ Mpope3bio M ¢ TOMOILbI0 GYHKIMOHATBHBIX KHOTTOK
NpUOIHXAIM BIVIOTHYIO K HEMY M3MEpUTEIbHBIH HHCTPYMEHT, B KAUeCTBE KOTOPOTO BBICTYIIAT CTANb-
HOM HOX TONIIMHOH 3 MM, ¢ OMHOCTOPOHHEH 3aTouKoil o yraom 30°. Beogunu napaMeTpsl HCIIBI-
TaHWs1: yeuaue Kacauusi F = 51, ckopocTs nepeMenienust Hoxa V=1 mM/c, m1yGrHa norpyxeHus Hoxa
H=40 MM, HanmHuKe peBepCHOHHOTO ABMKSHHS C AHATOTHYHBIMH XapaKTepHUCTHKAMH.

Cuny pesanuda knyoHei, R, H, Beravcaanu o dopmyne:

R=Fmax-9,81 ’ @)
1000
rae F.~— MakcuMallbHOe YCHIIHe TIPH MPOXOXIeHUH HoXa yepes obpasell, I; 9,81 — yckopeHue

max

cBOBOIHOTO MageHHs, M/c2.

Ha puc. 2A nipejictaBneHa fuarpaMMa orpeaelieHus YCUIUS pe3aHus.

3. Onpedeaenue meepdocmu Kayoueil.

OnpeneneHne TBepIOCTH KIyOHEH TOMMHAMOypa OCYIIECTBISJIU Ha TEKCTYPHOM aHANH3ATOpe
«Brookfield CT3-10000» (Brookfield, CIIIA) npenctaBrerHoM Ha puc. 1b.

A) B)

Puc. 1. TexctypHbld aHanusatop «Brookfield CT3-10000» (Brookfield, CLLIA)
A) — OnpegeneHue cunsbl pesaHua KnybHel; B) — OnpenenerHue TBepaoCcTU KnyOHe

Obpa3sen ycTaHABIMBAIN Ha CTONUK MPHGOpa M ¢ TOMOIIBIO (hYHKIIMOHANBHBIX KHOTIOK TPHOITI-
JKallM BIUIOTHYIO K HEMY H3MepUTEeNbHBI HHCTPYMEHT, B Ka4eCTBE KOTOPOTO BBICTYITAN CTANBHOMN
UMIHHAP AuaMeTpoM 4 MMm. BBommnm mapaMeTpsl ucnbiTaHus: ycunue Kacanua F =5r, ckopocTh

Ne 1(93)9014 Y57 )




[ MMLLEBAS MPOMBILLAEHHOCTb: HAYKA U TEXHOAOTUM |

MepeMelleHHs UMAHHApa V=1 mM/c, rayOuHa morpyxeHud ouauHapa H=25 MM, Handuue peBepcH-
OHHOTO ABUAXSHHUS ¢ AHATOTHYHBIMH XapAKTEPHCTHKAMM.
TeepaocTs KAYOHEH, P, [a, BBIMHCASIH TTO dopMyne:

- F;nax 9‘81
10007
roe F

L MAKCHMANbHOE YCHIHE LOCTHTHYTOS Ha MOMEHT paspyLUeHHs MOBEPXHOCTH KAYOHA, T;
9.81 — ycKopeHHe cBOOOAHOrO NALSHH, M/C?; 1 — paanuyc UHAHHAPA, M.
Ha puc. 2b npeacTtagneHa guarpaMva onpeieicHHs TESPAOCTH.

(3)
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Pue. 2. QuarpamMmmel onpefeneHua yeunua pesadua (A) n Teepgooctu (b)

4. Onpedeaerue Kosthihuynerma odseMHO20 CMATMUS,
Koadpruunenta odbeMBOTO ¢MATHS, &, H/M?, BBIMHCIHIN No dopMyae:

_ F981
1000-5-72 4~

rae F — MakcuManbHOe YCHIME, AOCTMTHYTOS HA MOMEHT paspyLUeHMI NOBEPXHOCTH KAyGHsL, I, 9,81 —
VCKOpeHHe CBOBOAHOro MadeHust, M/c?; i — paccTOMHKUE NPOIeHHOS HMIMHAPOM IO PA3PYLLUSHMS!
MoeepxHocTH 06pazua, M (puc. 2b); r —paanyc LUINBIPA, M.

MareMaTHueckas 00padoTKa NOAYYEHHEIX AAHHBIX NO3BOAKAA ONPEASNUTE CPedHHE TApaMETPbl
TBEPAOCTH, KOadpHUKEHTA 0OBEMHOTO CMITHS, CHJIBI PE3aHUM, 3HAUCHHE KOTOPBIX B AabHEHLLIEM
OYaYT HCMOAB30BATLEH AN MPOH3BOACTEA TEXHHUECKHX CPEACTE OUHCTKH NOBEPXHOCTH TOMHHAMOYpA.
JduHaMiKka GU3IMKO-MEXAHHUECKHX XApaAKTePHCTHK KAYOHel TomHHaMOypa B OpoLecce XPaHEHHs
NpeacTapieHa Ha puc, | — 3,

151 ©0onblEH HAMMMAHOCTH HA PHCYHKAX OTPAXKEHA TAKXKE AMHAMHKA COAEPKAHHS CYXHX BELLECTR
B KNYOHAX KaK ONnpedensiionieTo pakTopa, BAHIIONIETO Ha HecleayeMbie TIOKa3aTeIH.

[MonyvaeHHBIe JAHHEBIE TTO M3YIEHUIO PH3NKO-MeXaHUUeCKHX CBOWCTB KyOHeH TomHHaMGypa rpyr-
BT A B TTpotiecce WX XpaHedws npu TeMmepatype (0 = 1) °C mo3Boauan yeTAaHOBUTE CXOXKHIE XapakTep
TTHAVHKA Ko3ddHITHeATa 00BeMHOTO CMATHS KAYOHeH i cumel pesanus. Peskoe cHHXKeHMe Beu-
YHHH TAHHBIX TTOKA3aTeNleH Ha 5 CYTKH XpaHeHHA o0yCnoBIeHO HAMOKAHHEM MOBEPXHOCTH KITyOHeT
H CHIDKeHHeM X TIPOYHOCTHBIX CBOMCTB.

BeauuMHa TBepAOCTH KAy6Heit TonuHaMGypa rpyinel B 3a nccaeayeMblii nepMoa He H3MeHUIACH
d coctaBuaa 3,0 MIla Ha ypoBHe MCXOOHOIO 3HAueHMsl. TBepaocTh KAy6Hel TonuHAMGYpa rpynmnbl
A yMenblinaach B 1,2 paza (¢ 3,4 no 2,9 MIla). HauSoaswas noteps TBepaocTd KAvOH4 (B 1,3 paza)
oTMeYeHa B ofpa3uax TondHambypa rpynnel C (c 3.2 no 2,4 MIIa).
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Puc. 4. InHaMUKa PUIMKO-MEeXaHNIeCKUX XapakKTepUCcTUK KnyGHeR
TONWHAMBYPA Fpynhbl B B NPoUecce XpaHeHus
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Puc. 5. JnHaMinka HUINKO-MEXaHUYECKWX XapakTepucTNK KnyGHeH
TonNMHamMBypa rpynnel C B NPOUECCE XpaHaHWs

JuHaMHKa cUIbl pezaHus KNYOHEH BeeX TPYIL UMeeT XapakTep, oOpaTHBLA AMHAMHKE X TBEPAOCTH.
3a 17 cyToK XpaHeHHsT BETHIIHA CHIB pe3aHis KTyoHei TonuHavbyparpynt Aw B Bospocnas 1,2 pasa
(c 46,5-46,8 no 53,2-56,9 H), rpynne C — B 1,1 paza (c 46,4 10 49,9 H). BepositHo, 310 06yc10BAEHO
CHITKEHUEM VTIPYTHX (XPYTTKAX) H TTOBBIIIIEHA eM TTACTHIHBIX CBOHCTB OCHOBHBIX CTPYKTYPHBIX COCTAB-
JHIOWUX OTYGHeH B pesyasTaTe rTMIpOAMTHYECKOIO PACLLETLISH IS NEKTUHA, KPAXMAaaa, HHYAMHA.

M3venenne Gpu3nKo-veXaHHIeCcKIX CBOCTB KayGHeil TonHaMbypa B Tipoliecce XpaHEeHUS oTpa-
MEHO U3MEHSHUEM XAPAKTEPA KPHBBIX, XAPAKTEPU3YIOLMX MPOLEece paspezaHnd KayHeil. Kpusbie
Tpynn A — B HMeroT yuacTki ¢ peskinv cKaukoo0pasHBIM CHUKEHHEM YCHIHA HATPYKEHMS, 9T0 06yc-
JIOBJIEHO BOJOKHMUCTOH CTPYKTYPOil o6pasLoB M UX CKIOHHOCTBLIO K pacTpecKuBaHuio. B oGpazuax
rpymmel C wepe3 10 cyTok XpaHeHHd KpHBas wMeeT HoJlee TIMABHBI XapakTep W oTpaXkaeT OOMBITYIO
MNACTHYHOCTE KNyOHe.

Taknm obpazoM, NMpeaBapuTeNbHbIE JAHHBIE 0 ANHAMHKE MoKasateneil dhU3NKo-MeXaHUIeCKHX
CBOIICTB MO3BOJSIIOT CASAATh BBIBOJ, ¢ HEOGXOAHMOCTH BbIGOPA peXMMOB OUUCTKM B 3aBUCHMOCTH OT
CPOKOB W YCIIOBHi XpaHeHH WiybHeH ToMHHaMOypa 10 onepatni OTHCTKH.
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Z. V. Lovkis, S. A. Arnaut, Y, K. Butalevich
RESEARCH OF PHYSICOMECHANICAL PROPERTIES OF THE GIRASOL

In article are provided results of pilot studies on studying of physicomechanical properties of a girasol
are given in article depending on storage conditions of tubers, for establishment of optimum technology
of cleaning of its surface.
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