Beci HansisiHanpHaii akaapmii HaByk benapyci. Cepbist arpapubix HaByk. 2020. T. 58. Ne3. C. 373-384 373

ISSN 1817-7204(Print)
ISSN 1817-7239(Online)

IIEPAITPAIIOYKA I 34XABAHHE CEJTbCKATACITAJAPYAH ITPAJYKIIBIT
PROCESSING AND STORAGE OF AGRICULTURAL PRODUCTION

VYK 637.514.5:641.53.094 IMoctynuna B pepakiuto 18.02.2020
https://doi.org/10.29235/1817-7204-2020-58-3-373-384 Received 18.02.2020

J.A. Cmarun, A. A. Cmoasik, M. H. Cmaruna

Moeunesckuii cocyoapcmeennbiil yHugepcumem npooogonscmeusi, Mozunes, berapyce

METOJUKHU PACYHETA NPOAOJIZKUTEJIBHOCTH
3ANIEKAHUA U3AEJUI U3 MACHOI'O ®APIIIA
IPU TEILJIOBOM OBPABOTKE B KOHBEKIIMOHHBIX ITEYAX

AHHOTaMA: DKOHOMHS SHEPTeTHUECKUX PECYpPCOB, ONTUMU3ANNS IIPOU3BOACTBEHHBIX IIPONECCOB U oOecredeHne
BBICOKOT'O Ka4eCTBO IOTOBON MPOAYKIMH — BasKHBIE 3a/1a4H, CTOSIIUE Tepe/ MUIIEBOI MPOMBIIIIIEHHOCTIO Pecrybmukn
benapych Ha COBpeMEHHOM 3Tale COLUaTbHO-3KOHOMHUECKOro pa3BuTus. C 3Toi TOUKM 3peHHs aKTyaJdbHBIM HalpabJe-
HUEM Hay4YHOH JIeSITEIIBHOCTH SIBISICTCS pa3paboTKa METOAMK IIPOrHO3HOTO ONPeJIeNICHUs ITPOIOJIKUTEIBHOCTH TEIJIOBOH
00pabOTKHN NMHUIIEBEIX NMPOJYKTOB, IIPUMEHEHNE KOTOPHIX ITO3BOJIUT MOBBICHTH YPOBEHb ILUIAHWPOBAHUS IIPOHM3BOACTBA,
paIMOHAJIBHO OCYIIECTBISATE MPOU3BOJCTBEHHBIC MPOIECCH], 00ECHEUNTh TOIyIeHNE TOTOBOH MPOAYKIIMH C BHICOKHIMH
NOTPeOUTENBCKIMHU XapaKTePUCTUKaMU 0e3 HeIorpeBa MIIM IeperpeBa Marepuaia oopadaTsiBaeMbIX Tell, ONTUMHUZHPO-
BAaTh 3aTPAThl DHEPreTUYECKUX PECYPCOB Ha IIPOBEACHNE TEMIOBBIX MpolieccoB. B paboTe npeanaraercs MeToinKa TeOpe-
THYECKOT'0 pacueTa MpOoA0JKUTEIBbHOCTH 3alleKaHus U3AeIUil N3 MsCHOTO (apiia mpu NpsMOM KOHTAKTe I'PEIOIIeil cpeJib
¢ 00pabaThIBa€MBIM TEJIOM B COBPEMEHHBIX KOHBEKIIMOHHBIX anmnapaTax. IIpu pa3paboTke TEOpeTHIECKOro pacyeTa Impo-
[[eCCHI TeTIO00MEeHa pa3/ie/IeHbl Ha BHYTPCHHHE U BHENTHNE. [Ipy onucanny mpomeccoB BHYTPEHHETO TEIUI000MEHa yUTe-
HBI U3MEHEHHS TEIIO(PU3NIECKUX XapaKTePUCTUK MaTepHasna o0pabaTsiBaeMoro Teia, 00yCIOBICHHBIC MPOTEKAIOIIIMH
MaccOOOMEHHBIMH MPOIECCAMHU M HaNIHEeM (QU3UKO-XUMHYECKUX H3MEHEHU CTPYKTYPHBIX 3JIEMEHTOB ¢ IIpeoOpa3oBa-
HHUEM ChIporo ¢apia B rOTOBBIH MPOAYKT C 3aneueHHOil kopkoil. [Iporeccsl BHEIIHETro TEMmIo00MeHa OMMCcaHbl COrJIacHO
PEKMMHBIM ITapaMeTpaM COBPEMEHHBIX KOHBEKIIMOHHBIX IeUel, IPUMEHSIEMbIX B MaJIbIX U CPEIHHUX MPEANPHATUIX MHU-
IEBOH MPOMBIIIJICHHOCTH U OOIIECTBEHHOM NMHUTAHUU. [10oTydeHsl 3HAYCHHS TPOLOKUTEIEHOCTH TEIIIOBOH 00paboTKH
Ha IpUMepe H3AeNHH W3 KypHHOTO (aplia MpH pa3IndHBIX TeMIepaTypax rperomei cpeasl. Pazpaboransl crienuairb-
HBIE CTEP)KHEBBIE KACCETHI C KOHCTPYKIHEH KECTKOTO KPETUIEHHUs TepMonap, 00eceynBalone MpoBeAeHHE KOPPEKTHO-
ro skcrnepuMeHTa. OTKJIOHEHHs 3HAYEHUN MPOJOKUTEIBHOCTH 3aleKaHUs MEXKJy TeOPEeTUYECKH — PacCUMTAHHBIMH
Y TIOJIYYEHHBIMH JKCIIEPUMEHTAJIBHO COCTaBIAIOT OT 1,49 1o 4,44 % 1uist pa3iiuyHbIX TeMIepaTyp rpeouel cpeibl, 4To
CBUAETEILCTBYET 0 2PPEeKTUBHOCTH pa3paboTaHHOW MeTonukH. [IpemrokeHHass METOINKa pacdyeTa MPOJOJIKUTEIBHO-
CTH IpoIiecca 3aNeKaHus U3IeIUH U3 MACHOTO (hapima IpH HATPEBAHHUU MO3BOJIUT ONTHMHU3HPOBATH IIPOU3BOACTBEHHEIC
MPOIECCH, 00ECTIEYNTh YKOHOMHUIO SHEPTeTHUECKHUX PECYPCOB M MOJIydaTh TOTOBYIO MPOAYKIUIO C BBICOKMMH MOTPeOH-
TeTbCKUMU XapakTepucTukamu. baarogapuoctu. PaboTa BeIOTHEHA B paMKaX TOCYAapCTBEHHOH MPOrpaMMbl Hay YHBIX
uccnenoanuii «KauecTBo 1 3¢)(peKTHBHOCTD arpoONpPOMBIIIICHHOTO ITPOU3BOICTBA
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METHODS FOR CALCULATING THE DURATION OF BAKING OF MINCED MEAT PRODUCTS DURING
HEAT TREATMENT IN CONVECTION OVENS

Abstract: Saving energy resources, optimizing production processes and ensuring high quality of finished products are
important tasks facing the food industry of the Republic of Belarus at the present stage of social and economic development.
From this point of view, the current direction of scientific activity is development of methods for predicting duration of heat
treatment of food products, which will allow to increase the level of production planning, implement production processes ra-
tionally, ensure production of finished products with high consumer parameters with no underheating or overheating of mate-
rial of the processed bodies, and decrease the cost of energy resources for thermal processes. The paper proposes the method
for theoretical calculation of baking duration for minced meat products in direct contact of the heating medium with the pro-
cessed body in modern convection units. When developing a theoretical calculation, heat transfer processes are divided into
internal and external. When describing internal heat transfer processes, changes in the thermal and physical characteristics of
the material of the processed body are considered, determined by mass transfer processes and physical and chemical changes
in structural elements with conversion of raw minced meat into finished product with baked crust. The processes of external
heat exchange are described according to the operating parameters of modern convection ovens used in small and medi-
um-sized enterprises of food industry and public catering. The values of duration of heat treatment on the example of prod-
ucts made of chicken mince at different temperatures of the heating medium are obtained. Special rod cassettes with a rigid
thermocouple attachment design have been developed to ensure correct experiment. Deviations of baking duration values
between the theoretically calculated and experimentally obtained values range from 1.49 to 4.44 % for different temperatures
of heating medium, which indicates the efficiency of the developed technique. The proposed technique for calculating the
duration of baking process for minced meat products when heated will allow optimizing production processes, saving energy
resources and obtaining finished products with high consumer parameters. Acknowledgments. The research was carried out
as part of the state program of scientific research “Quality and Efficiency of Agroindustrial Production”.
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BBenenue. TexHOIOrM4eCKHil MpoLECC MPOU3BOACTBA TOTOBOW MPONYKIIUU HA MPEANPUATHAX M-
LIEBON MPOMBIIIIEHHOCTH COCTOUT U3 psijia MOCIeI0BaTebHO BBIMOJIHAEMBbIX cTaauil. Hanbonee Bax-
HBIM 3TaIlOM SIBJISETCS TeIIoBast 00paboTKa, MPpoBeAEHNE KOTOPOI OIpesieNsieT KauecTBO MOIydaeMoi
MPOAYKIMH B OOJBLICH CTETICHH, YeM MpenBapsionue ee onepanuu. [Ipu U3roToBieHUN MSICHBIX H3-
I TepMudeckas o0paboTKa SIBISIETCS 3aKIIOUNTENBHON, (POPMUPYIOIIEH OKOHYATENIEHO OpraHo-
JIENTUYECKUE U Ka4YeCTBEHHbIE XapaKTePUCTUKH MPOAYKTA.

TermoBy10 00pabOTKYy MOKHO OXapaKTEepH30BaTh KaK TEXHOJOTHYECKHH MPOIEcC MPEBPaICHHUS
CBIPBsI ¥ TOTY(aOpHUKaTOB B TOTOBYIO TPOIYKIIMIO TTyTEM U3MEHEHHU S TEIIJIOBOI'O COCTOSIHUSI POYKTOB
U cpell, y4aCTBYIOIIUX B IIPOLIECCE; ABISAETCS 3aKIOUUTENbHON (ha30ii nepepaboTKH ChIPbA, B IPOLEC-
ce KOTOPOH MPOIYKT MpUoOpeTacT HeoOXOAMMbIE MOTPEeOUTEIbCKUE CBOMCTBA. DU3nYecKas CyIIHOCTb
MOBEPXHOCTHBIX CHOCOOOB TEIIOBOH 00paOOTKM IPEACTAaBIISAETCS CIOKHBIM KOMIIJIEKCOM B3aHMOC-
BS3aHHBIX (PU3UKO-XMMHUYECKUX, TEIIJIOMACCOOOMEHHBIX, OMOXUMUYECKIX M APYTUX MPOLECCOB, TPO-
TEKAIOIUX B Macce NMPOAyKTa MpH IMOJBO/E TEIIOTHl OT MOBEPXHOCTHBIX ciioeB. [locnenoBaTrenbHbli
IPOrpeB CJIOEB NMPOAYKTA CONPOBOXKAAETCA (ha30BBIMU NPEBpAICHUAMHU (MCIAapeHue CBOOOIHOH Bia-
'), QU3NKO-XMMHUYECKUMHU B OMOXUMUYECKHUMH PEaKUsIMU (JIeHaTypalus OCIKOB, IIaBIICHHUE KHUPA),
MPUBOSIIIIUMU K 3HAYUTEIBHBIM U3MEHEHUSIM CTPYKTYPBI U TEIIO0QU3NISCKHUX MapaMeTpos [1, 2].

Baxkneimmm, HO TPYJHO MOAJAIOMIEMYCS pacuyeTy Nokaszarento 3pdekTuBHOCTH 3amneKkanus, SBs-
eTCsl IPOJOJIKUTENBHOCTS INpouecca. [IpennaraeMble METOAMKY aHAIUTUYECKOTO OIPENEICHUsS IIPO-
JOTKUTENBHOCTH BBHITIEUKH U3/IIHH U3 MACHOTO hapira’ CI0KHBI U Hy K IaI0TCs B KOPPEKTHpPOBKe [3, 5].
OTcyTcTBHE KOMIIJIEKCHOTO MOAXO0AA 10 U3YUCHHIO (PaKTOPOB MHTEHCU(UKALIMU TEIIOBOM 00paboTKH
U3JeNUi U HEBO3MOKHOCTH MPOTHO3UPOBAHUS €€ MPONOKUTEIBHOCTH HE MO3BOJISIIOT PAllMOHATIBHO
OCYILIECTBJISITh MPOLECC 3aleKaHus MICHBIX Moiy(habpukaToB. B uTOre mpoaoimKuTenbHOCTH MPO-
Lecca onpeaessioT NPUOIM3UTEIBHO U HE YUUTHIBAIOT pa3Mep, GopMy M3Ienuid U Ternopu3niecKue

' Kocoii, B. JI. CoBepliieHCTBOBaHME MPOM3BOJACTBA KOIOAcC : (TeOpeTHUECKHE OCHOBbI, TPOIECCHI, 06OPYI0BaHUE, TEX-
HOJIOTH S, pEIeNTYPBI H KOHTpoIb kKadecTBa) / B. /1. Kocoii, B.I1. Jopoxos. M.: leJIu npurt, 2006. 765 c.
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XapaKTepUCTUKM MaTepuasa, YTO MOXET IPUBECTH K HEJOCTATOYHOMY NPOIPEBAHUIO U3AEIUI WM
K UX MEPErpeBy ¢ COOTBETCTBYIOIIMMH HEraTUBHBIMU MTOCIEACTBHAMMU.

VIHTeHCHBHOCTD HarpeBaHUsl M IPOLOKUTEIbHOCTh TEIIOBOH 00pad0TKY B3aMOCBA3aHbI U OIpe-
JIEJISIIOTCS MPEXKJIE BCEr0 BEIMUMHON TEIJIOBOTO MOTOKA OT TPEroliel cpeibl K LEHTPaIbHBIM CIOSAM
nponykToB. [IponomkureabHOCTs 00paOOTKH MPH 3TOM OIPEAEIISETCS TEMIIOM HAarpeBa B TOJIIE U3/e-
JMs1, TIO KOTOPHIM TIOHMMAIOT BEJIMYMHY, OOpaTHYIO BPEeMEHH, 32 KOTOPYIO POAYKT Harpescs Obl J10
3alaHHOM TeMIepaTyphbl, €CIU Obl HarpeBaHUE MPOUCXOAHIIO C TOCTOSIHHOM CKOPOCTHIO, PABHOW CKOPO-
CTH IIPOI'PEBA B HAYAJIbHBIM MOMEHT.

B unxeHepHBIX 3a7a4ax W3 pelleHUs yPaBHEHMS TEIJIONPOBOAHOCTH MOXHO ONPEAEIUTH OCHOB-
Hble (PU3NYECKHE 3aKOHOMEPHOCTH, BIUSIOUINE HAa (OPMHUPOBAHME TeMIepaTypHoro mnois. OmHako
TOYHO ONPEAETUTh TeMIIepaTypHOe TMOoJe MyTeM aHAJUTHUYECKOTO PEIICHUs yPaBHEHUS TEIIONPOBOI-
HOCTH 4aCTO OKa3bIBAETCS CIOXHBIMU M3-32 BapHallUU TEIIO(QU3NUECKUX XapaKTEPUCTUK MICONPO-
IyKTOB, 3HAUEHUsI TEMIIEPATyPbl CPElbl, FTEOMETPUUECKUX N1apaMETPOB 00BEKTA U JIP.

[onyunTs NpHONMKEHHBIC pEIICHHUS YPaBHEHHH TEIUIOOOMEHa, KOTOpBIE OIMUCHIBAIOT COOTBET-
CTBYIOILIME [TPOLIECCHI B AaHAIMTUUYECKOH (popMe, U OCYLIECTBUTH HA OCHOBE 3TUX PELICHUHN pacyeT KOH-
KPETHBIX NPOIECCOB BO3MOXKHO ITyTEM HOIPOOHOr0 aHayin3a 0COOEHHOCTEN CBOHCTB MSACOMPOAYKTOB
U XapakTepa IpoTeKaHus TEeIIoBoi 00paboTku. OCHOBOH MOJOOHBIX PACUETOB SBISIOTCS 3HAYCHUS Te-
noduzngecknx xapaktepucTuk (TPX), KoTopble U ONPEaesIIOT CKOPOCTh PACTIPOCTPAHEHUS TETUIOTHI
B MsicHBIX (papirax. Haubonee BaskapiMu TOX SIBISIOTCS yleibHas TEMI0EMKOCTb, TEIIONPOBOAHOCTD
U TEMIIEPATyPONPOBOIHOCTb.

Koaddunument TemmneparyponpoBOAHOCTH SIBISETCS OCHOBHBIM MOKa3aTesieM, XapaKTepu3yOIUM
MHTCHCUBHOCTh U3MEHEHUS TeMIIEpaTypbl BHYTPH MPOAYKTa. DTOT HOKA3aTeb CIY>KHT MEPOH CKOpO-
CTH M3MEHEHHS TeMIepaTypbl B HECTAIIMOHAPHBIX TEIJIOBBIX MPOIECCaX M SBISETCS BaKHEWIIeH Te-
TIJIOMHEPIMOHHOM XapaKTepUCTUKOM .

Koadduuuent temnonpoBogHOCTH sBsieTCS PU3NUSCKUM MapaMeTPOM, XapaKTepU3YIOIIUM CIO-
COOHOCTH TeJla MIPOBOJUTH TEIUIOTY MM MHTEHCHBHOCTH IIpOLECcCca TEMJIONPOBOAHOCTH B BEIIECTBE.
3HaueHue KOd(pPHUIIMEHTA TEIIONPOBOJHOCTH MSCOIPOAYKTOB 3aBHCUT OT MX COCTaBa, HAJTHYUS TIPH-
Mecel, (pa30BOr0 COCTOSHHUSA KOMIOHEHTOB (HATIpHMep, OTJIABIEH KMp MM HET M Jp.)’. DKCIepHMeH-
TaJbHBIC JAaHHBIC [IOKA3BIBAIOT, YTO KO3((HUIUEHT TEIJIONPOBOAHOCTH B PsALie CIy4yaeB HaJ0 paccMa-
TpHUBaTh Kak (QYyHKIHUIO TEMIEpaTyphl, a CIIEIOBATEIBHO, U POCTPAHCTBEHHBIX KOOPAMHAT, & TaKKe
BpeMmeHH. Ho maxke mpu mpeanonokeHuH O MpOoCTeiIeM BUE 3aBUCUMOCTU A = f{T; X) Maremaruye-
CKHI1 anmapar TEOpUH TETIONPOBOJHOCTH CTAHOBUTCS CTOIb CJIOKHBIM, UTO MOJIYYNUTh aHATUTHYECKHE
pereHust B OONBIIMHCTBE CIIy4YaeB He MPEACTABIISICTCS BOSMOKHBIM.

TeronpoBOIHOCTE B OTJIMYUE OT TEIUIOEMKOCTH U IUIOTHOCTH HE SIBISICTCSA aJIUTHUBHOM (yHK-
1uel, Mo3ToMy aJJMTHBHBIX yPaBHEHHH He cyiecTByeT. llpu pemeHuu 3ajay TEMJIONPOBOJHOCTH
C AOCTaTOYHOM AJI MPAKTUYECKUX PACUETOB TOYHOCTBIO MOJIAraoT, 4To A = const. Pacxoxxaenus pac-
YETHBIX W OKCIIEPUMEHTAJIBHBIX JAHHBIX, KOTOPHIE MOTYT BOSHHKHYTb B CBSI3H C TAKUM JOMYIIEHUEM,
KOPPEKTHPYIOT C TIOMOILBIO AIMIIUPHUIECKUX KOIPPHUIIHESHTOB.

Terutodusnueckue XapakTEpUCTUKU TECHO CBS3aHBI ¢ XMMHUYECKUM cocTtaBoM. [Ipu sTtom B mpe-
JieJ1ax OJHOM TOBAapOBEIUYECKON KaTeropuu (CopTa) XMMHYECKHI cOCTaB NMPOAYKTOB BapbHpPYET B JIO-
CTaTOYHO IIMPOKUX MPEIENax, YTO BbI3bIBAET onpeneiacHHoe u3Mmenenue TOX msaconpoaykTos [3, 4].
B cBs31 ¢ 3TUMH 00CTOATENHCTBAMU IPU pPacUeTe MPOIECCOB PACIIPOCTPAHEHHU S TETUIOTHI B MBIIIIEUHOM
tkaHu TOX MoryT ObITH ompeaesneHsl ¢ norpemnoctoio 105 %. [Tostomy mpu pacuere HEOOXOAUMO
YUHUTBIBaTh XMMHUYECKHUI COCTaB UcciIeyeMblX 00pa3noB. Eciu non cTpyKTypoil IpoayKTa HOHUMATh
XapakTep CB3eH MEXAYy €ro MakpolJIEMEHTaMU U HX PACIIOJIOKEHHE OTHOCUTENBHO APYT JIpyra, TO
3aMETHOM CBSI3M MEXy TEIIOPU3NIECKUMHU XapaKTEPUCTUKAMHU U CTPYKTYPOIl TPOAYKTA HET.

Terogusznueckne mapaMeTpsl MUIIEBBIX Macc M3MEHSIOTCS B 3aBHCHMOCTH OT BJIQXKHOCTH, CO-
JIEpKaHUs KUpa U TeMIepaTrypsl Tel. TakKe 3HaYUTENBHOE BIMSHUE HA WHTEHCUBHOCTH NPOTEKa-
HUSl TEIJIOOOMEHa OKa3bIBAET CTENEHb WM3MEIbUCHHOCTH MACONPOAYKTOB. JIJIsl L€IbHOMBIIIEYHBIX

* Benses H.M., Paao A. A. MeTo/Ipl HEeCTaIIMOHAPHOI! TEIJIONPOBOJHOCTH : yueb. mocobue. M. : Beicnr. mk., 1978. 328 c.
* Tunsbypr A.C., 'pomo M. A., Kpacosckas I'. Y. Temodusuueckne XapakTepuCTHKH MUIIEBBIX MPOAYKTOB : CHpa-
BOYHHK. 2-€ U31., 01 1 mepepad. M. : [Tumesas mpom-cTh, 1980. 288 c.
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1101y (pabpuKaTOB XapaKTepHa aHU30TPOIUS TEIUIONPOBOIHOCTH, KOTOPAs MPOSBIIAETCS B TOM, YTO I10
pasIUYHBIM HANPaBICHHUAM BenHUUHBI KodppunrentoB TOX HeonnHakoBbl. B MsacHoM ¢apiue, B OT-
JM4YKE OT LEIbHOMBIIICYHBIX 101y()aOpHKaTOB, )KUPOBAasi U COCAUHUTENbHAS TKaHb [IPEIBAPUTEIBHO
M3MeNBbYCHbl M PaBHOMEPHO paclpelesieHbl, YTO 00eCleunBacT paBHbIe 3HAueHHS KOI()(UIUCHTOB
T®X mo Bcemy 00beMy.

Lenb paboThl — co31aHUE METOAUKH pacyeTa MPOAOJIKUTEIIBHOCTHU IIpoLecca 3alleKaHusl U3aenuil
13 MSICHOTO (hapllia Ipu HAarpEBAaHUU B YCIIOBUSIX BBIHYKJICHHON HUPKYJISLUH IPEIOLIEH CpeIbl, yUUTHI-
BaIOIICH M3MEHEHHE TETIIOQU3NICCKUX XapaKTePUCTUK MSCHOTO (apiiia mpu ero TerioBoi oopadoTke.

TeopeTrnyeckast yacTb. B OonbmIMHCTBE Clly4aeB 3aauu M0 ONPEICICHUIO TEMIIEPAaTyPHOTO OIS
HarpeBaeMoro o0bEKTa IeIecoo0pa3Ho paccMaTpuBaTh B Oe3pasMepHoil hopme. IToMnmo cokparieHus
Yyciia IEPEeMEHHBIX U BO3MO)KHOCTH TOJTYYHTh PEIICHUS B Hanbosiee o0IeM BUAE, TPUBEACHUE YpaB-
HEHMs K 0e3pa3MEepHOMY BHUY IO3BOJISET OJIYYUTh O€3pa3MepHbIe KOMIIJIEKCHI 1apaMeTPOB, KOTOPbIE
camH 1o cebe MOTYT XapaKTepH30BaTh X0 U3MEHEHHUS TeMIIepaTypHOro noJs [6].

[Ipoueccs! TennooOMeHa Ipy 3alleKaHUH Pa3esIsoTCs Ha IPOLECChl BHYTPEHHETO U BHELIHETO Te-
MJ000MEHa: K BHYTPEHHUM OTHOCSITCSI TPOLIECChI, MPOTEKAIONIME B MaTepHalie BhpabaThIBAEMbIX H3-
JeNusIX; K BHEIIHUM — IIPOLIECCHI, TPOTEKAOLINe B pabouell kamepe.

OcoOeHHOCTH BHYTPEHHETO TEMIO0OMEHA MTPH 3alleKaHUU MSCHBIX U3JICTTUH ONPEAesIOTCS Xapak-
TEepOM (PU3UKO-XMMHUYECKUX U3MEHEHUI CTPYKTYPHBIX 3JIEMEHTOB C IPe0Opa30BaHUEM ChIPOIO MaTe-
pHaia B TOTOBBIN MIPOIYKT € 3ale4eHHON KOPKOH, YTO MPUBOJUT K U3MEHEHHUIO TEIUIOPHU3NUECKUX Xa-
pakTepucTuk marepuana. Kak pesynbrar, ycaoKHIETCS KapTHHA TEIJI0O0OMEHA, YTO BBIHYKJACT MPH
OIMCAHWH MPOTEKAIOIINX ITPOLIECCOB BBOAUTH MONPABOYHBIC UITH SKBUBAIICHTHBIC KO3 QUIINEHTHI.

Camo oOpabarbiBaeMOe M3Jene TAKMM 00pa3oM cleqyeT paccMaTpUBaTh KaK CIOXKHOE Tello, CO-
CTOSIIEe M3 MOACHIXAIONIEH B X0/Jie HarpeBaHUS MMOBEPXHOCTH C 00pa3oBaHUEM KOPKH M BHYTPEHHHX
CJIOEB, U3MEHSIOIIUXCS OT CBIPOro (hapiia 0 TOTOBOW MSICHOM Macchl.

IIpu npoBeneHNN pacyeTOB NPOLIECCOB BHYTPEHHET O TEIIO0OMEHAa HEOOX0IUMO YUECTh U3MCHEHHUE
TETUIOPU3NIECKUX XapaKTEePUCTHK MaTepHralla Ipy MPeBpalieHuH ChIpOro (apiia B TOTOBBIH MPOAYKT
C U3MEHEHHBIMH CTPYKTYPHBIMH JIEMEHTAMH, a TAK)Ke HAJIMYHUE KOPKH C TEIUIOPU3UMUECKUMH Xapak-
TEPUCTUKAMHU, OTIIMYHBIMU OT BHYTPEHHET0 MaTepuaa. B kauectBe hopMbl Tena 715l TEOPETUYECKOTO
pacueTa NIpUHUMAEM LMJIUHID.

I1pu pacuere nporeccoB BHYTPEHHETO TEIII000MEHA HCHONIb3yeM Cleayole 0e3pa3MepHble KOM-
TIJIEKCHI TeOpHH 1moooust: yrcio Oypbe Fo u yucno buo Bi.

A.B. JIBIKOBBIM TIPE/JIOKEHO MCIIONB30BATh CJIEAYIONIEE YpaBHEHUE IUIICPOOIHMUECKOTO THTIA JIJIsS
NpUOJIMKEHHOT0 pacyeTa MPOLEecCoB MepepacipeesieHUs] TEMIIEPAaTy Pl IPH MajIbIX 3HAYEHUSX CKO-
POCTH pacrpoCTpaHEH s TETIOTHI

Aot 1o ot
PP e 1
o V. adV ox
I ® — CKOPOCTb PAcIPOCTPAHEHUS TEIJIOTHL, M/C; V — Bpems, C.

B mpenenbHBIX ciiyyasx (MpH 3HAYEHUAX CKOPOCTH PACIPOCTPAHEHUS TETUIOTHI, CTPEMSIIUXCS
K OeckoHeuHoCTH) ypaBHeHHe (1) mepexoauT B ypasHeHue @ypne [7], mpencrasiusioniee codoit nudde-
PEHIIMAJIbHOE YPaBHEHUE TEIUIONPOBOIHOCTH JI1 OAHOMEPHOTO IIOTOKA.

VYpaBHeHHE TEMJIONPOBOAHOCTU B Oe3pa3mepHol (opme 11l OJHOMEPHOH 3aJaun MMEeT TaKoi

Buz [7, 8]:
90 _ _626 Q)
oFo g%’

rae © — 6e3pa3mepHas TeMiieparypa rena; § — 0e3pasMepHas KOopArHaTa.
[Ipomecc HarpeBaHus OMHOPOIHBIX TEJ XapaKTepu3yeTcs 6e3pazMepHoit Temmneparypoit tena [9, 10]:

®=£, ?3)
x — 1l

* JIptkoB A. B. TemnoMaccooOMeH : CIpaBOYHHK. 2-€ U31., mepepab. u gom. M. : Dueprus, 1978. 479 c.
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TJe ¢ — TeMIlepaTypa Tejla B MOMEHT BPeMeHH T > T,, ° C; ¢, — HeKoTopas (PUKCHpPOBaHHAS TEMIIEPaTy-
pa, °C; t, — HauanpHas TemmepaTtypa tena, °C.

bespasmepHas TemnepaTypa Tena onpeaensercs 0e3pa3MepHol KOOpAWHATOH, urciaoM bruo u guc-
nom Dypre [6], T.C.

0 = f(&; Bi; Fo). @)
be3pasmepnas koopnuHata &, coriiacHo [6], paBHa
X
==, 5
g ; 8))

IJIe X — KOOPJUHATA; [ — XapaKTepHbIN JTHHEHHBIN pa3Mep, M.

YpaBHeHHe, ONUCHIBAIOIIEE HECTAIIMOHAPHOE TEMIIEPATyPHOE IOJIe B Telie, MPEICTaBIseT cO00H
CyMMy 0€CKOHEUHOTO psijia, YWICHBI KOTOPOTO PACIOI0KEHBI TI0 OBICTPO YOBIBAIOIIUM KCIIOHCHITHATh-
HBIM (YHKIHUSAM , 1 IMEeT CIIeIyIOmuii Bu [6]:

©=3 A, )U(u, E)exp(—u2Fo), ©)

n=l
rne A, U — tabanunble QyHKIUY; W, — KOPHU XapaKTePUCTHYECKOTO ypaBHEHUS L = W(Bi).

Crnenmnduka TeoMeTpuueckod (OpPMBI YUHTHIBACTCS PA3UYHBIM BUIOM MHOXHTENeH A(L,)
u U(,&). Ans ten oqHOM 1 ToM ke (HOpMBI pa3IMUHBIM HAadyaJbHBIM PacHpelelicHHEM TeMIIepaTyphl
OyZyT COOTBETCTBOBATH Pa3HbIE COBOKYITHOCTH drceln A(LL,).

IIpu maneix 3HaueHUsAX V ot V=0 no V' =V, pacupezeneHue TeMneparypsl BHyTpHU Tejla U CKOPOCTh
M3MEHEHUS BO BPEMEHH TEMIIEPaTyphl B OTJCIBHBIX TOUKAX TeJla 3aBUCAT OT 0COOCHHOCTEH HayaIbHO-
ro pacmpezeneHuss Temmneparyp. B aTux ycnoBusx mose Temmneparyp B Tejle OyAeT ONpenensiThCs He
TOJIBKO TEPBBIM, HO U MOCIEAYIOUIUMH YJIeHaMU psijia, ypaBHeHHe (6). DTOT mepBblil IEpHO HAarpeBa-
HHUS HA3BIBAKOT HEYTIOPSIJOYEHHON CTalMeN Ipoliecca HarpeBaHusl.

C yBenu4eHUEeM BPEMEHH T MOCIEAYIOIINE YiieHbl psiaa (6) OyayT OblcTpo yObIBaTh, T.€. psl CTa-
HOBHTCA OBICTpOCXOnSIKUMCsA. HaumHas ¢ HEKOTOPOro MOMEHTa BpeMeHH V > V| HadalbHbIE yCIOBUA
HAauYMHAIOT UI'PaTh BTOPOCTENEHHYIO POJb, U MPOLECC MOTHOCTHIO OMPENENSETCS TOIBKO YCIOBUSMHU
HarpeBaHus Ha IPAHULE Tela U cpeibl, GU3NUECKUMHU CBOMCTBAMHU TeJa U €ro reOMeTpUIecKon (op-
MOH H pazMepamu. TemmeparypHoe MmoJjie OHUCHIBACTCS TIEPBBIM UJIeHOM psija (6):

0 = A4,U,exp(-p,Fo). (7

Ha pacuer uncna buo n uncna @ypre 0Ka3bIBAIOT BIUSHHUE TETUIOPH3NYECKUE XAPAKTEPUCTUKH
Marepuaia Teja — KOd(QQHUUHUEHT TEeIIONPOBOIHOCTH M KO3(PULUEHT TemmepaTypornpoBOJHOCTH.
Kax 6p110 TOKa3aHo, JaHHBIE KOOPPHUITMEHTH HE MOAMAI0TCI MaTeMaTHYeCKOMY aHalIn3y W ISl HUX
CYLIECTBYIOT TOJIBKO HAHICHHBIE ONBITHBIM ITyTEM 3HAUCHHSI, KOTOPbIE 3HAYUTEIILHO Pa3JInYaroTCs AJIs
ceIporo (apra u 111 TOTOBOTO TTponykTa [11-14].

Koadduuuent tennonpoBogHOCTH BHYTPEHHUX CIIOCB M3JEJINS U3MEHSETCS OT MoKa3aTeNei s
ceIporo (bapmra B Havaje oOpabOTKHM 10 IMOKa3aTeIed TOTOBOIO MPOMYKTAa K KOHITY 00pabOTKH, Xa-
pakTepu3ysch JMHEHHOIN 3aBUCUMOCTBIO OT TemnepaTypsl [15]. g TexHuueckoro pacuera 3HauYCHHUE
cpenHero ko3¢ GUIMEeHTa TENIONPOBOAHOCTH BHYTPEHHUX CJIOEB B IIPOLIECCE TPeoOpa3oBaHms CHIPOro
¢apiia B roTOBBIH MPOAYKT OMpEACsieM Kak cpeaHeapudMeTHIeCKoe sl TPAHUYHBIX 3HAYCHUH TeM-
nepaTypsl Tella, ¥ 3TO 3HaYeHUE TPUHUMAEM ITOCTOSIHHBIM:

bmp x(b + knp ®
BHYTp ~— 2 H
rae XE;;EP — KOd(h(PHUITUEHT TEITOMPOBOAHOCTH MaTepHaia Tela, YUUTHIBAIONINNA TTPeoOpa3OBaHHUE ChI-

poro ¢apia B rotoBbelil npoaykt, Br/(M X °C); A — K09p(PHUMEHT TEMIOMPOBOIHOCTH CHIPOTO (apina,
Bt/(M X °C); A, — K02 PUIHMEHT TEMIONPOBOAHOCTH FOTOBOTO MpoaykTa, Br/(m X °C).

Koadduument TennonpoBogHOCTH MOBEPXHOCTH U3JENUs AJisl ChIporo (apiia B Hadaje o0padoT-
KH ¥ JUISI KOPKH K KOHITy 00paOOTKH 3HAYMTENBHO H3MEHSIOTCs. [IprHnMaeM mapaboandecKuil 3aKoH

* bensies H.M., PaHo A. A. MeTonsl HeCTallMOHAPHO# TETIOMPOBOAHOCTH : y4el. mocobue. M. : Bricm. mk., 1978. 328 c.
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HU3MEHEHUS TEIJIONPOBOAHOCTH COOTBETCTBEHHO IapaboInYecKOMY 3aKOHY M3MEHEHUs TeMIIepaTyphbl
nosepxHoctu [16] n onpenensieM KO3QPUUHUEHT TEMJIONPOBOJHOCTH HOBEPXHOCTH Tella, YUUTHIBAIO-
LM TpeoOpa3zoBaHue CHIPOTo (apiia B KOPKY 10 Takoi popmyie:

I10B

ALK %7‘@ +§xK, )
rae kg’gg— KO3(PHUIIUCHT TEIJIONPOBOAHOCTH TOBEPXHOCTH TeJa, YUYMTHIBAIOUIUN IPeoOpa3oBaHKe
ceIporo ¢apimia B Kopky, Br/(M X °C); A, — K03(pPHUIIUEHT TETIOMPOBOTHOCTH KOPKH (IPUHIMAEM pPaB-
HBIM KO3(D(QHUIMEHTY TEIIONPOBOIHOCTH CYXOro (apiia, paccMaTpuBas KOPKY Kak 00€3BOYKEHHBIN
cioit), Br/(m X °C).

Jlns manpHeiniero pacueta BBOJUM OOIIMM SKBHUBAJCHTHBIM KOA(PPUIIUSHT TEIIOMPOBOIHOCTH,
YUHUTHIBAIOIINI TPOIIECCHI, MPOTEKAIOIUE MTPH TEIIOBOI 00paboTKe:

[
W . (10)
SKB 6K Zcb_np
Ab b

rae A, — SKBHBAJCHTHBIH KOA(PQUIMEHT TEIUIONPOBOAHOCTU W3JCNHS, YUYUTHIBAIOIIUI IIPOLECCHI,
MPOTEKAIOINE PH TerI0Bol 00padoTke, B1/(M X °C); [— XxapakTepHBIH THHEHHBINA pa3Mep U3IeNUs, M;
d, — TOJIIMHA KOPKH, 00pa3yroIleiics Npy 3aleKaH|u W3JIeIMs U3 MACHOTO (apina, M; [, — Xapakrep-
HBII JTUHEHHBIH pa3Mep U3JIeNHsI [0 BHYTPEHHEMY CIIOI0, M.

AHaJIOTHYHO OIpesessieM SKBUBAJICHTHBIE KO3()(OUIIMEHTHI TeMIIepaTypOIPOBOJHOCTH MaTepHaa
Y TTIOBEPXHOCTH M3/IeJNsI, YIUTHIBAIOLIMN IIPOLIECCH, TPOTEKAIOIIHE TP TEIIOBOH 00padoTKe:

b-p (1(1) + anp

Apuyp = Ta (11)

rie a‘,};gfp — kod(hpHUITUEHT TeMIIepaTypoTPOBOTHOCTH MaTepHaia Tejla, YIUTHIBAIOINN TTpeodpa3oBa-
HHe CIPOro (aplia B TOTOBBLH IPOLYKT, M’/C; d; — KOO(QHULUUEHT TeMIIepaTypOIPOBOLHOCTH CHIPOTO
2 2
dapma, m7/c; a,, — K03pPUUHMEHT TeMIEPaTy pONPOBOJHOCTH TOTOBOTO NPOAYKTa, M /C.
x 1 2
a* =g +Za,, (12)
30730

II0B

rue ag’ég — k03(pPUIHEHT TeMIIepaTypOITPOBOTHOCTH MIOBEPXHOCTH TeJa, YIUTHIBAIOMIHH mpeoOpa3oBa-

HHUe chIporo dapia B KOPKY, M/c; a, — Ko3(OHUIMEHT TeMIepaTypOIpPOBOIHOCTH KOPKH (TPHHEMAEM
paBHBIM KO3()(PULIMEHTY TeMIepaTyponpOBOAHOCTH CYXOro Qapiia, paccMaTrpuBasi KOPKY Kak 00e3Bo-
KEHHBIH CII0i), M*/C.

0@ - ;z (13)
61( + ¢b-np
abx  adm®

IIE d,,, — YKBUBAJICHTHBIN KO3()PULUEHT TeMIepaTyponpoBOAHOCTH U3ACIHS, yUUTHIBAIOIINN IpoLec-
ChI, IPOTEKAIOMINE TP TEIIOBOM 00paboTKe, M/C;

C ydeToM M3MEHEHHUs TEeIIOU3MUECKHX XapaKTEPHCTHK MaTepuasa IpH MPEBPALICHUN CBIPOro
(apia B rOTOBBIN MPOAYKT C H3MEHEHHBIMU CTPYKTYPHBIMH dJIEMEHTAMHU, a TAK)KE yUNTHIBAs HAJIMINE
KOPKH C TEeIIOQU3NIECKUMH XapaKTePUCTUKAMHU, OTIINYHBIMU OT BHYTPEHHET0 MaTepuaa, onpeaess-

€M PKBHBAJICHTHOE uuciio buo:

pi = (14)

rj1e oL — KO3 pUIMenT Temnootaaun, Br/(m> X °C); [ — XapaKTepHBbIi pasMep U3eus, M;
1 9KBUBaJIEHTHOE Ynciio Pypre:

.
Foy =225 (15)
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OCoOCHHOCTH BHENTHETO TEMIO00MEHA OMPEACISIOTCS TeIUIOGU3NISCKUME CBOWCTBAMH U Xapak-
TEPOM JIBUKEHU S TEILNIOHOCUTEISI B paboueii kamepe.

IIpu pacyere mpoIIeCCOB BHEIIHETO TEIJI0O00MEHA UCTIONIb3YyeM cieayolne 0e3pa3MepHble KOMILIEK-
Cbl TeopHH nopo0us: kputepuil Peitnonbaca Re, kpurepuid Hyccensra Nu, xpurepuii [Ipanntis Pr.

PacueTr npoBonuM 115l peXKMMHBIX APaMETPOB TEIUIOBOH 0OpabOTKM B COBPEMEHHBIX KOHBEKIIU-
OHHBIX anmnaparax [16—19].

st momydeHust ko3 duIMeHTa TeI00TAaYN KOHBEKIIUH OT TEIJIOHOCUTEN S IPY HOIEPEYHOM 00-
TEKaHUU U3JEeNHs U3 MACHOTO (apia B BUJE LHUIMHAPA IPUMEHSIACh TEOPHS TOJ00U L.

[Iporecc Temmoo6MeHa MeX1y MOBEPXHOCTHIO U3/IEIHS U TPEIOIIEeH CPEeloi ABIISIETCS pe3yIbTaToOM
COBMECTHOTO JEHCTBHS IIPOIECCOB KOHBEKTUBHOI'O TETJIOOOMEHA 1 JTy4Yenucnyckanus. B Takux ciydya-
X B Ka4eCTBE OCHOBHOTO IpOLEecca MPUHUMACTCS KOHBEKTUBHBIN TeriooOMeH. [Ipu sToM KayecTBeH-
HOHM XapaKTepUCTHUKOI mpolecca sSBIseTcs 00muil (cyMMapHblid) KodpQULUUEHT TernooTaauH, onpee-
JSIeMBIH 10 cieayrouei popmye:

o=, o, (16)

e o, — K03 GUIMEHT TEMI00T/Iaul KOHBeKIni, BT/(M” X °C); o, — K03(DHITUEHT TEIIO0TAaqH JTyde-
ucryckanuem, Br/(m” X °C).
Cucrema ornpenessieMbIX YHCEeN MOJO0Hs BKJIIOUAET B ce0sl MICKOMYIO BEITUYMHY — KOAQPUIIHEHT

KOHBEKTHBHOH TETIOOT/AA4H, KOTOPBIN coepkuTes B yucie Hyccenbra:

_ Nud
=

/

B cBoto ouepens, unciio Hyccenbra 3aBucut ot uncina Pelinonbaca u [panatis:

Nu = f(Re, Pr), (18)

(00

; 17

rae Re — uucno Peiinonbica; Pr — uucino [panaris.
3navyeHue yrcia Pelionbca onpesensercs o cieayoiiei popmyie:
0.,/
Re=—2-, (19)
%

e [ — XapakTepHbIH pa3sMeEp U3JENHUS, M; O, — CPEAHAA CKOPOCTD JIBHKEHH S TEMJIOHOCUTEIS B KAMEPE
amnmnapara, M/c; v — k03 (QUIUEHT KUHEMAaTHYEeCKOM BI3KOCTH CYyXOro BO3yXa IIPU ero pacueTHOH TeM-
neparype t, , M/c.

Jns pacueta uncia HyccenpTa mpuMeHSIOTCS ciieaytomtne 3apucumMocTtH [10]:
1) ipu 10°<Re <4 X 10'

Nu = 0,76Re”™*Pr"", (20)
2) ipu 4 X 10' <Re < 10°

Nu = 0,52Re*’Pr"”, 1)
3) mpu 10°<Re <2 X 10°

Nu = 0,26Re”°Pr*”, (22)
4) npu 2 X 10°<Re < 10’

Nu = 0,023Re"*Pr*, (23)

Koadduuuent tennootnaun n3ayueHrEM ONpeAessiiIn o Takol GpopmMyie:

4 4
an:ﬂ (T_mj _[THJ , (24)
ty —t, [\ 100 100
rae C, — K03hHUIHEHT W3TydYeHHsT aOCOTIOTHO YePHOTO Tela; € — CTENeHb YepHOTHI;, 1, u T, — abco-

JIFOTHas TeMIeparypa TCIJIOHOCUTEIA U CPCAHAA TEMIICpATypa MOBECPXHOCTU U3ACTINUA COOTBETCTBCH-
HO, K; Lt — CpeAHAA TCMIICPATYpa TCIIJIOHOCUTECIIA U ITOBCPXHOCTHU U3ACTIUSA COOTBCTCTBCHHO, °C.
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Taonuma 1. Pacdyer KOHBEKTHBHOI0 K03 PHUIIHEHTA TEMIOOTAAYH

Table 1. Calculation of convective heat transfer coefficient
4, °C| d,m | o,m/c |v, X107 MY/c [6]| A, Br/(MX°C) [6]| Pr[6] Re Nu o, Br/(M* % °C)
150 | 0,06 | 3,9 2,895 0,03565 0,683 | 8082,9 | 49,92 29,66
160 | 0,06 | 3,9 3,009 0,0364 0,682 | 7776,67 | 48,75 29,57
180 | 0,06 | 3,9 3,249 0,0378 0,681 | 7202,22 | 46,53 29,31
2001 0,06 | 3,9 3,485 0,0393 0,68 | 6714,49 | 44,59 29,20
2201 0,06 | 3,9 3,773 0,041 0,6785 | 6201,96 | 42,48 29,03

PacueT npoaoKuTENbHOCTH HArPEBaHMSI N3NNI U3 MACHOTO (papiua BHIIOIHUM AJI PEKOMEHIY-
eMBIX 3HaueHHH TemiepaTyp. [IpuHruMaeM, 4To 3ameKkaHuIo MOABEpraeTcs U3JeNne u3 KypuHoro dap-
1a B BUAC NWJIMHAPA AUaMETPOM d=6cMB KOHBCKIIMOHHOM anrapare ¢ BbIHYXICHHBIM JIBUKCHUCM
TEMJIOHOCUTENSI CO CPeIHEH CKOPOCTHIO ABMKEHHS » = 3,9 m/c. OOTexaHne U3/eus TeIIOHOCHTEIEeM

Taonuma

TEIJIOOTAAY U JTYYCeUCIIyCKaHUuEeM

2. Pacuer kodppunnenta

Table 2. Calculation of heat transfer coefficient
by radiation
t.°C | e[7] | C[13]| t.°C | T.K T.K | o, Br/(x’X°C)
150 | 0,5 | 5,67 | 80 353 423 6,68
160 | 0,5 | 5,67 | 80 353 433 6,95
180 | 0,5 | 5,67 80 353 453 7,54
200 | 0,5 | 567 | 80 353 473 8,16
220 | 0,5 | 5,67 | 80 353 493 8,82

Tadonwuma 3.

Pacuer o0uiero ko3ppunuenta

TEMJIOOTAAYMA OT Fpel()llleﬁ Cpeabl H DKBUBAJIEHTHOT O

yucJsa buo
Table 3. Calculation of the total heat transfer
coefficient from the heating medium and equivalent Bio
number
t °C BT/(I?ZK;< °C) BT/(,\%"X °C) BT/(MD;’X °C) Bi,
150 29,66 6,68 36,34 2,52
160 29,57 6,95 36,52 2,54
180 29,31 7,54 36,85 2,56
200 29,20 8,16 37,36 2,59
220 29,03 8,82 37,85 2,63

Tabnuma

4. Pacuer BpemMeHH, 32 KOTOpoe

TeMmepaTypa B IEHTpe u3aesus 1ocTurtet 85 °C

Table 4. Calculation of time for the temperature

to reach 85 °C in the center of the product

t,, °C am':z/lCO’x, Bi,., 0, N(Bi) W T, MHH
150 13,87 | 2,52 | 0,481 | 1,386 | 2,921 | 39,18
160 13,87 | 2,54 | 0,517 | 1,387 | 2,928 | 36,45
180 13,87 | 2,56 | 0,576 | 1,389 | 2,943 | 32,35
200 | 13,87 | 2,59 | 0,622 | 1,391 | 2,966 | 29,35
220 | 13,87 | 2,63 | 0,659 | 1,394 | 2,987 | 27,13

MMPOUCXOIUT TiorepedHo. Pacuer xosdduiimenta
TEMJIOOTIAaYHM OT TOPSYEro BO3JyXa MPeICTaBIeH
B Tabu. 1.

[Ipunumaem, 4TO CpedHsis TeMIeparypa Io-
BEPXHOCTHU MSICHOTO M3JIENHS NP 3alleKaHUuU CO-
crasuset 80 °C. Pacuet xo3pdunmenrta tenmoor-
JIaY¥ JTyYEUCITyCKaHUEM MPEICTaBIeH B Ta0. 2.

Pacuer oOmero koapuiineHTa TeII00TAaYN
OT TOPAYEro BO3[yXa M 3KBHBAJEHTHOI'O YHCIA
buo npencrasnen B Tadm. 3.

OnpenenuM Bpems, 3a KOTOpPOE HCCIEny-
eMoe H3/eNue U3 KypHHOro (apmia JOCTUTHET
TEeMIepaTypsl KYJIMHAPHOM TOTOBHOCTH, T.C.
t,= 85 °C, mpu HarpeBaHUU HU3/IEJIN U3 KyPUHOTO
(hapma mummHApHUYeckor hopmel d = 0,06 M ¢ Ha-
yaJpHON TeMrieparypoii ¢, = 15 °C. TenoBas 00-
paboTKa OCYIIECTBISETCS B CPEAe TOPSYEro BO3-
nyxa mpu ¢, = 180 °C.

W3 xpuTepnadbHOTO ypaBHEHHS H3MEHEHHS
Oe3pa3MepHO TeMIepaTypsl B IICHTPE H3ICTUI
MUITUHIPAYECKO (OPMBI BBIpakaeM BpeMs, 3a
KOTOpOE€ M3/eNne M3 MSCHOTO (hapiia JOCTUTHET
TEMITEpaTyphl KYJTUHAPHOW TOTOBHOCTH

2
t=—F—1n ®“. , 25)
—wa,, N(Bi)

3nauenus N(Bi) u |’ onpeensem 1o Tabmud-
HBIM JaHHBIM'. PacueTsl BpeMEHH MPUTOTOBIE-
HUS U3JENUS MPU TEMIIEpaType Iperolieit cpenbl
150, 160, 200 u 220 °C npencrasieHsl B Ta0I. 4.

IJKCIePUMEHTANBLHAS 4aCTh. AJICKBAaTHOCTD
pa3paboTaHHOW METOAMKH TIPOBEPSUTH SKCIICPH-
MeHTalbHO. MccnenoBanus mpoBoauiu Ha 1abopa-
TOpHOH 0a3e kadeapsl MaIllMH U aIlapaToB MHUIIe-
BBIX ITPOU3BOJICTB U Kadeaphl TEILIOXJIAJOTEXHUKHI
MorunéBckoro rocynapcTBEHHOIO YHHBEPCUTETA
MIPOAOBOIBCTBHS JIJIsE 00Pa3I0B U3 KYPHUHOTO (hap-

¢ Terio- U Maccoobmen. TeruoTeX HHUeCKu i JKCIepUMeHT : cripaBoyHuK / E.B. AmetuctoB [u np.] ; mox obul. pen.:
E.A. I'puropseBa, B. M. 3opuna. M. : Dnepromsnat, 1982. 510 c.
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I1a aHAJIOTMYHBIX TI0 COCTAaBY MPHUMEHSEMBIX B TEOPETUYECKOM pacueTe, MOMEIIEHHBIX B CTEP’KHEBEIE
LUIMHAPHYECKHE KAaCCEThI IIPU MPSMOM KOHTAKTE I'PEIOIIEN cpe/ibl M TOBEPXHOCTH nu3nenus. [Ipu npose-
JICHUU DKCIeprMeHTa (papil moMeIan B OXHOCIOWHBIA MapiIeBbli MEIIOK, CINUTHIN B BUIE LUJIMHIPA,
pazmepom 57 X300 mm. Mcnons3oBanu Mapito menuiuHckyto nmo TY BY 390287860.004-2011 ¢ pas-
Mepamu sdeek 2X | MM IpH MI0OTHOCTH TKauu 35 r/m”. Tlpu HaGuBaHuu QapiremM Mapiis HATATHBAACK,
pasMepsl SUYeeK YBEIMUYMBAINCH M MPEBBIIIATN HCXOAHBIC. B momyuaeMoM TakuMm o0pa3oM H3IeNuU
MSICHOM (papIll HAIpsSIMYIO KOHTaKTHPYET C TPEIOIIEH Cpenoi, Tak KaK SIYSHKH Mapiid OU4eHb KPYITHBIC IO
OTHOUICHHUIO K HUTSM. MEIIOK NOMEIIaii B CIELHAIBHYIO KacCeTy, MPEACTABIIAIONIYI0 cOO0H CBapHYIO
KapKacHYI0 KOHCTPYKITUIO U3 TOHKUX METaJUTMUECKUX KOJIEI], COEMHEHHBIX C JIByX CTOPOH CTEP)KHIMHU.
BryTtpennne pazmepst kacceTsl 57 X 300 MM, 06pa3yembIe CIIIOIIHBIM OCHOBAaHUEM, YETHIPHMSI KOJBIIAMH
ceueHueM 2,5 MM U COETMHEHHBIE IBYMSI CTEP)KHIMU ceueHreM 4 MM. MeTasindeckne KoJblla U CTEPIK-
HU 3aHUMAIOT MeHee 3 % TUIONaa KacceThl U He OKa3bIBAaIOT 3aMETHOIO BIMSHHUS Ha MPOIIeCcC Harpena-
HUs 3aroToBKU. OTHOIIEHUE AraMeTpa K JUIMHE KacCeTHI IPEBbIIIaeT KpaTHocTh 5. [IpoBeneHHbIe pacue-
THI [TOKa3bIBAIOT, YTO IIPH TAKOM COOTHOIICHUH HArpeBaHUE CO CTOPOHBI TOPLOB NPAKTUYECKU HE OyneT
OKa3bIBATh BIMSIHUS HA HATPEBaHUE IIEHTPAIBHBIX clloeB. [Ipu aToMm pagmyc usznenwus (28—29 Mm) mo3Bo-
JISIET IPOTPEBaTh U3JIENIHE IOCTATOYHO JUTUTEIBHBIN TIEPHOT JIJIS IOy YeHU T KOPPEKTHBIX TaHHBIX.

Ha puc. 1 moka3aH moAroTOBIEHHBIH K AKCIIEPUMEHTAIBHBIM HCCIEIOBAHUSM LMJIMHIPHUSCKUI
oOpaserr u3 MsicHoro (apiua.

BeprukanpHOe pa3menieHre MUInHIprIecKoi 3aroToBkH (B = 90°) xapakTepusyercs MUHUMAIb-
HOW HEPaBHOMEPHOCTBIO TEIIOOTAu MO MEPUMETPY U3ZENUs 110 CPaBHEHUIO ¢ JIPYyTUMHU yIJlaMu aTa-
KU 1 TIO3BOJISIET KOPPEKTHBIH TEMIOTEXHUYECKNH IKCTIEPUMEHT.

DKCIIepUMEHTAIbHBIE UCCIIEIOBAaHNH 3aKIIFOYAIIUCh B U3MEPEHHUH TEMIIEPATYPhl B IIEHTPE U3JCIHUSL.
HarpeBanue ocymiecTBIsIIIM METOAOM KOHBEKTHBHOM TEIJIOBO 00pabOTKe B cpelie HAarpeToro Bo3ayxa
pu Temmeparype rperomiei cpeast 150, 160, 200 u 220 °C 1o TOCTHIKEHUS B IIEHTPE U3STUS TEMITepa-
TYpBbI KyJIMHapHOW TOTOBHOCTH, paBHOM 85 °C.

J1s m3MepeHus: TeMIeparypsl HCIOIb30BAIN MPeo0pa3oBaTeN TEPMOIJIEKTPHIECKHe (TepMoria-
pr) TXA(K)-1199/52/2/1500/0,5 ¢ nuameTpoM TepMOdIeKTpoaoB 0,5 MM B KpeMHE3e€MHOH OIIeTKe
(mo 'OCT 8.338-2002). TepMomapbl KpenUINCh K CIEITHAIBHON KOHCTPYKITHU KECTKOH (pUKCaIm,
o0ecreunBaroOIIeil TOYHOCTh YCTAHOBKM M HCKJIIOYAIOIEH cOMBaHWE TOJIOBKH. 3aMKCHPOBAHHBIC

Puc. 1. Hunuaapuueckuii 00paser B Xo/e MPOBEACHUS YKCIIEPIMEHTAIBHBIX HCCICIOBAHUI:
a — obpaser| repes MoMeleHreM B pabouyro Kamepy anmnapata; b — obpaser BHyTpH
paboueii kamepbl anmapara

Fig. 1. Cylindrical sample during experimental research: @ — sample before placing in operating
chamber of the device; b — sample inside the operating chamber of the device
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0 5 10 15 20 25 30 35 40 45 Puc. 3. BnusiHue remneparypsl rperoeil cpebl Ha IpooJ-

Bpemsi, MUH JKUTEITBHOCTh TETUIOBOH 00pabOTKM H3AEIHIl U3 MSICHOTO

(hapma: / — IPOAOIKUTETBHOCTD 3alIEKaHUsI COTJIACHO TEO-

Puc. 2. M3MeHeHHE TEMIIEpaTy PHOTO TOJIs LCHTPA H3LETUH  peTHuecKoMy pacueTy; 2 — MPOJOKHUTEIBHOCTD 3aMeKaHUs
U3 MACHOTO (haplla Npu TeMIEepaType rpefomel cpeast: / — COINIACHO AKCIIEPUMEHTAIBHBIX TaHHBIX

150 °C; 2160 °C; 3 - 180 °C; 4 - 200 °C; 5 -220 °C Fig. 3. Effect of the heating medium temperature on duration
Flg 2. Temperature field variation in the center of minced meat of heat treatment of minced meat products; = baklng

products at the following temperature of heating medium: / = duration according to theoretical calculation; 2 — baking
150 °C; 2 - 160 °C; 3 — 180 °C; 4 - 200 °C; 5 — 220 °C duration according to experimental data

TEepMOMapbl CKBO3b PEMIETKY BBOJIWIN B OTKPBITHIM TOPEI M3AEIHs, TePMOIApbl MPOHUKAIN BHYTPb
W3JeNns Ha paccTOsIHUE, paBHOE MOJIOBHUHE JITTMHBI 00pa3ua. B kauecTBe M3MEpUTEIBHOTO MprOOpa nc-
TOJTB30BAJICS U3MEePUTENb-perynsaTop «CocHa-002y.

Harpesanue ocyiecTBisioch B paboueit kamepe KoHBeKIMoHHOro anmnapara Unox-203G (Uranus).
JaHHbIi anmapat sSBISIETCS THIMUYHBIM IIPEIACTABUTENIEM KOHBEKIIMOHHBIX Ie4Yeil HOBOTO TOKOJICHUS
1 TIOJIyYeHHBIE pPe3yNbTaThl MCCIeIOBaHUN MOTYT paclpoCTpaHsAThCS Ha BCIHO HOMEHKJATYpy COBpe-
MEHHBIX KapOYHO-TIEKAPHBIX aIllapaToB ¢ BRIHYKJIEHHON IUPKYIISIITUEH rperomeii cpeapl. Pe3ynbpraTer
9KCIEePHUMEHTAJIbHBIX UCCIIeIOBAaHUI TIPECTaBICHHI HA pHC. 2.

CpaBHUTEIBHAS OIEHKA PACUETHOTO U AKCIIEPUMEHTATIHFHOTO BPEMEHH MTPUTOTOBIICHUS 3TN U3
MsicHOro (apma (Ha mpuMepe KypuHoro ¢apiia) mpeactaBieHa Ha puc. 3. MccnemnoBanus mokasai,
YTO OTKJIOHEHUS 3HAYCHUU BPEMEHU 3alCKaHUS MEXKIY TEOPETUUCCKH PACCUMTAHHBIM U MOJTYUYEHHbI-
MM DKCIIEPUMEHTANIBHO TTpH TeMmIiepaType rpetfomieii cpeasr 150 °C cocrapnstot 4,44 %, mpu 160 °C —
1,49 %, ipu 180 °C — 4,35 %, nipu 200 °C — 2,17 %, npu 220 °C — 3,11 %. Takum oOpa3om, B padbote
MpeIIoKeHa CXeMa dKCIIePUMEHTaIbHON YCTAaHOBKH Ha 0a3e KOHBEKIIMOHHOTO arnapara ¢ OpuruHab-
HBIM W3MEPUTEIBHBIM KOMIUIEKCOM, MO3BOJISIOUINM ITPOBOJUTH MCCIICAOBaHKME TEIIOOOMEHa sl LU~
JTHHAPUYECKUX TENl IPH MPSMOM KOHTAKTE C TPEoIell Cpeo ¢ KecTKOoW (pukcarueid ToUeK orpe-
JIeJIEHUs TEeMIIepaTypbl U MCKIIIOUYEHHUs BIMSHUSA HarpeBaHus TopuoB. OmneneieHo, YTo OTKJIOHEHHUE
pacYeTHBIX NAaHHBIX TEOPETHUYECKOW YAaCTH IO CPABHEHHUIO C (PaKTHUECKUMH DKCIEPHMEHTAIEHBIMHU
JAHHBIMH TIPU Pa3HBIX TeMIepaTypax cocTaBisioT oT 1,49 mo 4,44 %, He mpeBbIIasi MOTPEITHOCTH
B 5 %. CiemoBarensHO, IPEIJIOKEHHAsT METOANKA pacdyeTa MPOIODKUTEIFHOCTH MpoIlecca 3aneKaHus
W3JIeIUil U3 MSCHOTO (apliia B [IEJIOM aJIeKBaTHO OIMKCHIBAET MPOIIECC.

3akarouyenue. J[J1si TEOPETHYECKOr0 OMUCAHUS MPOIECCHl TEMIO00MEHA TIPH 3alleKaHUU U3/
13 MSCHOTO (hapia mpeaiiokeHo pas3feliuTh Ha BHYTpEeHHHUE (IPOTEKAIOIINe B MaTepuaie BelpadaThl-
BaeMbIX W3JIENINi) U BHEIIHHE (IIpOTEKarlue B paboueil kamepe ammaparta). [lpu npoBeneHun pac-
YEeTOB IPOIIECCOB BHYTPEHHETO TEIIOOOMEHA MPEAIoKeHa METOINKA, YIYUTHIBAIONIAs H3MEHEHHE Te-
I0(GpU3NUECKUX XapaKTEPUCTHK MaTepHalia MpU MPEBPAIICHUU ChIPOTo (hapiia B TOTOBBIA MPOTYKT
C U3MEHEHHBIMH CTPYKTYPHBIMH DIIEMEHTaMH, a TaK)Ke 00pa3oBaHUE KOPKH C TETNTIOPU3NIECKUMHU Xa-
paKTEepUCTUKAMU, OTIMYHBIMU OT BHYTPEHHEro Marepuaia. [lonyueHHble SKBUBAJICHTHBIC 3HAUCHUS
TeMI0(QU3NIECKUX XapaKTePUCTUK TMPUMEHSUINCh ISl ONpPENeNIeHNs SKBUBAJCHTHBIX Oe3pa3MepHBIX
KOMIIJICKCOB TEOPHUH TOA00MS: SKBHBaJCHTHOTO uncia dypre Fo u skBuBajeHTHOro uucia buo Bi.
[Ipu MaTeMaTHYeCKOM OMUCAHWH MPOIIECCOB BHEITHETO TEMI000MEHa UCTIONh30BAIUCh Oe3pa3MepHEIe
KOMILJIEKCHI TEOPUH MOJO0H S, yUUTHIBAIOIINE TEIIOPU3NIECKUMU CBOHCTBA U XapaKTep IBUKCHHUS Te-
IJIOHOCHUTENS B paboueii kamepe. Ha oCHOBaHWHM MONYUYEHHBIX PaCUETHBIX 3HAYCHHH MTPOBENICHO MaTe-
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MaTHUYECKOE ONHCaHUE HECTALMOHAPHOTO TEMIIEPATyPHOrO MOJIsL B IEHTPE 00pabaThIiBaeMbIX H3AETHH
Y OIpeJieIeHbl TEOPETHUECKHNEe 3HAYeHUS MPOAOKUTENBHOCTH TEIJIOBOM 00paboTKH Ha MpUMepe 13-
JIeNUH U3 KypHUHOTO (papiiia mpH pa3iInyHbIX TEMIEpaTypax Iperomieil cpebl.

Jl1s OlleHKHM aJIeKBaTHOCTH IpejiaraéMoil METOAMKH MPOBEIEHBI SKCIIEPUMEHTAJIBHBIE HCCIEeNO-
BaHUs JUIsl 00pa3lloB U3 KYPHHOTO (apiiia aHaJOTHYHBIX [0 COCTaBy IIPUMEHSIEMBIX B TEOPETUYECKOM
pacueTe, IOMEIICHHBIX B CHENHalbHBIC CTEPIKHEBBIC IMJIMHIPHUYECKUE KacCeThbl, 0OecrednBaromume
MPsIMON KOHTAKT T'PEIOLIEeH Cpesibl ¥ MOBEPXHOCTH M3aenusl. OTKIOHEHUS 3HAU€HUN POAOIKUTENBHO-
CTH 3alCKaHMsI MEXAY TCOPETHUECKU-PACCUUTAHHBIMU M MOJYYEHHBIMH SKCIIEPUMEHTAIbHO COCTAB-
JS10T MeHee 5 % JUIsl pa3iIMuHbIX TeMIIepaTyp IPEroLel Cpesibl, 4YTO CBUACTENbCTBYET 00 3 deKTHB-
HOCTH pa3paboTaHHON METOAMKHU.

[lonyueHHble HayuHbIE JaHHbIE SBIISIOTCSI OCHOBOW JJIs1 MAaTEMaTHUECKOI'0 OIUCAHMsI TPOLIECCOB Ha-
IpeBaHuUs U3ENUN U3 MICHOTO (apilia B yCIOBHUIX BbIHYKICHHOM HUPKYISILIUY I'PEIOILEH Cpelsl ¢ yue-
TOM H3MEHEHUS TETIO(QU3NISCKUX XapaKTePUCTHUK MIICHOTO (hapiiia IpH ero TEIIoBoi 00padoTke.

[Ipumenenne mpeagaraeMoil METOIMKHM pacyeTa MPOIOJKUTEIFHOCTH 3alleKaHus U3IeNHUI U3 Msc-
HOro (apiia mpu TErIoBol 00pabOTKe B KOHBEKIIMOHHBIX TI€Uax MO3BOJISIET 00ECIICYUTh BO3MOXKHOCTh
MOBBIIICHHSI TOTPEOUTENBCKUX XapaKTePUCTUK TOTOBOM MPOMYKIHMH, CHUIKCHUS YACIBHBIX 3aTpar
SHEPreTUYECKUX PECypCcOB, YCOBEPIIEHCTBOBATh MPOIECC OMEPATUBHOTO MPOU3BOJCTBEHHOIO IMJIAHU-
poBaHus, 00€CIEYUTh YCTOWYUBYIO PUTMUYHOCTh M KOHTPOJIHPYEMOCTh TPOU3BOJACTBA, ONTUMHU3UPO-
BaTh COCTABJICHUE PALIMOHAIBHBIX I'PA()MKOB BBIITYCKA MPOAYKIUH.

BaarogaprocTn. PaboTa BeImonHEHa B paMKaxX rOCYAapCTBEHHOW NMPOrpaMMbl HAyYHBIX HCCIIe-
noBaami «KauecTBO M 3PEeKTHBHOCTH arponpOMBIIIIICHHOTO MPOU3BOACTBAY, 3.75 «MccrenoBanus
U ONTUMM3ALMS IPOLEcca 3aMeKaHus U3AEIUi 13 MACHOTO (apia B apOBO3LYIIHBIX CPEAAX.
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