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JOCJLIKEHHS ITPOLIECY YBAPIOBAHHSI COKY
TA HOT'O IMITAIIMHE MOJEJIOBAHHS

Mask O.A. kaHI. TeXH. HayK, AoueHT, CapaapoB A.M. MoJ1. HAyK. CIiB.,
Kocrenko C.M. cr. Bukiaagay, I'punenko O.10. in:xkenep
lepwnboB I'.I'. ctynenT
XapkiBcbKuUil Jep:kaBHUIl YHiBePCUTET XapuyBaHHs Ta TOPriBJi

INVESTIGATION OF THE INJECTION PROCESS AND ITS
SIMULATION MODELING

Mayak O.A. Cand. tech Sciences, associate professor, Sardarov A.M. j. sciences w.,
Kostenko SM Art. teacher, Gritsenko O.Yu. engineer
Shershnov G.G. student
Kharkiv State University of Nutrition and Trade

Anomauin. Y pobomi nposedeno imimayitine MOOENO8AHHA NPOYecy YapiosaHHs 08046020 COKY 3d
BUKOPUCMAHHS NPOSPaMHO20 Komniekcy VENSIM, wo peanizye cucmemHO-OUHAMINHY MEXHOA02II0 NOMOKOBO20 MUNY.
Buxopucmanusa  cucmemHo-OUHAMIUHO20 MOOENIOBAHHA YMONCIUGNIOE NOBHY MA AKICHY OYIHKY 6NAU8Y MAKUX
Gaxmopis, sk Koepiyichm naponazpieanns, Koepiyichm y8apiosants, HA Xapakmep ma 3HAYeHHs. GUXIOHOT QyHKYL,
moomo peanizayito KOHYEeHMpamy.

Jlokasana egekmuericms GUKOPUCMAHHA RPUCMPOIO O/l NepeMiuly8aHHs MA HASPIGAHHA 6 S3KUX XApYOeux
NPOOYKMiG, Wo MAa€ NpOCMy mMa HAOIUHY KOHCMPYKYIIO, d MAKONC CAPUSE CKOPOYEHHIO MPUBANIOCI npoyecy
nepepooxu npodykmy ma niO8UIYeHHsT SKOCMI 20M08020 NPOOYKMY 3d PAXYHOK OLIbUi SIKICHO20 NepeMiuly8anHs ma
iHmeHcugixayii npoyecy menioo0OMiHy, 3a PAXYHOK BUKOPUCMAHHA CRIpANbHOL Memanegoi mpyouacmoi KOHCmpYKyil
0711 ni08eOeHHs1 MENJIOHOCIS, WO CHPUSLE 30LTbUIEHHIO NIOW KOHMAKMY RPOOYKMY 3 HAZPIBAIbHUMU eleMeHmamu.

Cxpebxru posmiwjeni Ha cnipaii Makum YUHOM, w0 ni0 4ac pyxy nepekpusarome o0ur oonozo. llpu obepmanni
MIWanKy cKkpedku npocysaromscs 6iia nosepxHi meni00OMIiHHOI CIMIHKU anapamy, Ymeoprodu 28UHMO8Y NO8EPXHIO,
wo cnpusic mypoyizayii npUCMiHHO20 1AMIHAPHO2O wapy nPooyKmy, ye 3anodieac 1020 NPUIUNAnHio, YCy8ae 3acmiliti
30HU BHACTIOOK 4020, 8I00YBAEMbCA BUPIBHIOBANHS MEeMNEPamyp i piGHOMIpHE NPOMIKAHHSA NPOYEC).

Buxopucmanus 6 anapami po3pobieno20 Npucmpor O01s NepeMily8anHs ma HASPIBAHHS 8 A3KUX XAPYO8UX
npooyKmis npuzeooums 00 30iibutenHs uxody npooykmy ua 33 %, 3a paxymox 30inbuienHs niowyi Hacpisy, wo
npu3gooums 00 CKOPOYEHHs mepMIiHy 6uxody Ha pobouuil pescum. Excnepumenmyeants 3 iMimayiiHumuy mMooenimu
npoyecié meniosoi 06poOKu Haoae cucmemue RIOIPYHmMs Onasi iHmMeHcugbikayii ma onmumizayii npoyecie ma
001AOHAHHS XAPUOBUX 8UPOOHUYME.

Abstract. The simulation modeling of vegetable juice boiling process using the software complex Vensim that
implements system-dynamic technology of stream type is carried out in the work. The use of system dynamical
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simulation enables a full and qualitative assessment of the influence of factors such as steam heating coefficient, boiling
factor, on the nature and value of the output function, that is, the implementation of concentrate.

The efficiency of using a device for mixing and heating viscous food products with a simple and reliable structure
is proved, as well as it helps to reduce length of the product processing and improve quality of the finished product due
to better mixing and intensification of heat transfer through the use of spiral metal tubular designs for the supply of
coolant, which contributes to the increase of the contact area of the product with the heating elements.

The scrapers are located on the helix in such a way that they block each other while driving. When rotating the
mixer, the scrapers move near the surface of the heat exchange wall of the apparatus, forming a screw surface, which
facilitates turbulization of the wall laminar layer of the product. It prevents it from sticking, eliminates stagnant zones,
resulting in temperature equalization and uniform flow of the process.

The use of the developed device for mixing and heating viscous food products results in the increase in product
output by 33%, due to an increase in the heating area, which leads to the shortening of time to enter the operating
mode. Experimentation with simulation models of heat treatment processes provides a systemic basis for the
intensification and optimization of processes and equipment of food industries.

KitrowoBi crioBa: cucTeMHUI aHali3, iMiTaniifHa MOIeNb, yBapIOBaHHS, OBOUEBHUH CiK.

Ha mignpremMcTBax XapuoBoi IPOMHCIOBOCTI Pi3HUX (OPM BIACHOCTI POCIMHHY CHPOBHHY IE€PEPOOISIIOTH B COKH,
eKCTPaKTH, KOHIIEHTPATH, OC3aJIKOTOJIbHI Ta aJKOTOJIbHI IUIOJOBO-ATIAHI HAamoi Ta IHIOTY MpOAyKLifo. Baximeum
(haxTOpOM TIpH TIEpepoOIli POCIMHHOI CHPOBHHH € 30€pE)KEHHSI KOPUCHHUX PEYOBHH 1 CIIOJYK AJISL JIIOJWHHU B KIHIEBUX
NPOJXYKTaxX 1 Hamosix, TOOTO TEXHOJOTIYHI NPOLECH 1 PEeXUMH IpU HepepoOdli XapuoBOi CHPOBHHHU POCIMHHOTO
MOXOJ/DKCHHSI MOBUHHI OyTH ONTHMAaJbHUMHU SK 3 TOYKM 30py EHEPro- Ta Pecypco30epeeHHs, Tak 1 3 TOUYKH
30epeskeHHs 610JI0TIYHO aKTHBHUX peuoBHH [1].

BukopucTaHHS CHCTEMHO-JMHAMIYHOTO (IMITAlifHOr0) MOJENIOBAHHS YMOXJIMBIIIOE TOBHY Ta SIKICHY OLIHKY
BIUIMBY Takux (hakTopiB, Ak KoeQillieHT apoHarpiBaHHs, KOe(DilleHT yBapIOBaHHS, HAa XapaKkTep Ta 3HAYCHHS BUXIJHOT
¢yHKIIT, TOOTO yBaplOBaHHS OBOYEBOIO KOHLIEHTPATy, a TAaKOX IPOLYKTUBHICTH Tpouecy. Pazom 3 po3poOkoro
MIPOTPECUBHUX TMPOIECIB BHHHUKAE MOXIUBICTh CTBOPIOBATH IMITamidHI MOZeni, HEOOXimHI Ui BUpINICHHSA 3ajad
T ABUIICHHS POXyKTHBHOCTI [2].

Ha BinMiHy Bix 3BUYaifHOTO MOJETIOBAHHS, SIKE OOMEXY€ETHCS CIIOCTEPEKEHHAM Ta ()OPMATEHIMHU CTAaTHCTHIHUMH
3B’S3KAMH MK €IIEMCHTaMH CHCTEMH, iMiTalliifHe MOJCIIOBaHHS pealidye MOp(OIIOTiI0 CHCTEMH Ui TOYHOI Ta
BceOIYHOI AMHAMIKM mpouecy (GYHKIIOHYBaHHA. IMiTamiiiHe MOAENIOBaHHA € aJIeKBaTHUM IHCTPYMEHTOM aHAI3y
CKJIaJIHUX cUcTeM 31 ciabo hopmasi3oBaHUMU €JIeMEHTaMH, A0 SIKUX MOXKHA BIJIHECTH CHCTEMH Xap4OBHX BUPOOHHUIITB
[3-4].

OcHoBHa MeTa poOOTH — MOCHIKEHHS MPOIECY YBapIOBaHHS OBOYEBOIO COKY Ta po3poOKa iMiTariifiHol Momeni
NpoLIeCY YBaplOBaHHS JJsi CHCTEMHOTIO aHajizy e(QeKTHMBHOCTI BUKOPHUCTaHHS B BaKyyM-BHIIApHOMY amapari
PO3pPOOJICHO0 KOHCTPYKIIIT IPUCTPOIO [UTS [IEPEMIIITyBaHHS Ta HATPiBAHHS.

Jnst mociiJkeHHsS TEeMJIOOOMIHHMX IIPOLECiB, a caMe KOHIEHTPYBaHHS — YBaplOBaHHA IPU HOCTIHHOMY
nepeMinryBaHHi Oyila po3poOJieHa MOJENb amapaTy M 3MOHTOBaHA EKCIIEPUMEHTAJIbHA YCTAHOBKA: PHCYHOK 1.
YcraHoBKa JuIsl yBapIOBaHHS OBOYEBOT'O COKY IIiJl BAKYYMOM IIPH TTOCTIHHOMY IepeMilllyBaHHi. ¥ CTAHOBKA CKJIA/Ia€ThCS
13 MITIHAPUIHOTO BaKyyM-BHIIAPHOTO amapary, BCEPEArHI SIKOTO PO3MIMICHUN MepeMINTyoYnid MpucTpid. Mexi 3MiHu
KOHTPOJBOBAaHUX IapaMeTpiB: 4acToTa OOCPTIB Basla mepeminryrodoro mpuctporo N = 60...300 o6/xB; Temmeparypa
kumiHAEg npoaykty t = 50 ... 55 °C; Bakyym y amapari 0,096 MIla. BumiproBaHHA NOTYXHOCTI TpHBOJIA
MepEeMilIyIOuoro TIPUCTPOIO 3IMCHIOBAJIM BAaTMETPOM, BUMIPIOBAHHS 4YHCJIA OOEpPTIB INEpEeMINIylodyoro MIpPHCTPOIO
3MIMCHIOBAIIM TAXOMETPOM, BUMIPIOBaHHS B IPOIIEC] yBAPIOBaHHS Macu BXIJIHOTO Ta BUXIJHOTO MPOJYKTY, BU3HAYAIH
KUIBKIiCTh BUMapeHoi Bojsorn AW, moTtiM Bu3Ha4danmu koeillieHT TerioBianadi BiJl Tpitodoi CTIHKH 0 JOCHIIKEHOTO
MPOJYKTYy. BMiCT CyXHX pedoBHH y MPOYKTI KOHTPOIIOBAIN PEPPAKTOMETPOM.

JlocmipkeHHST TEIUIOOOMIHY TIpH yBapIOBaHHI COKY TIPOBOAWJIMCA 3a YMOB IIOCTIfHOTO IEpeMIIIyBaHHA 3
BHKOPHCTAHHSIM HACTYITHHUX MPUCTPOIB: po3pobieHoro mpuctporo [5], xorerpykmii XJAYXT IICM [6]. Ha puc. 2,
MpecTaBIeHa po3po0IeHUH PHUCTPiil IS IepeMilllyBaHHsI B OCHOBY SIKOTO OyJI0 3aKJIafeHO 3a1aqy 30iIbIINTH TUIOMLY
KOHTaKTy TMPOAYKTY 3 TEIUIOOOMIHHOT IoBepxXHet0. [{Jis1 BUKOHaHHS MOCTABJIEHOI 3a1a4i Bai 7, POOUTHCS IIOPOKHUCTAM
JUTS TIOAa4i TEIUIOHOCIs. J{st 301IBIICHHST MIIIHOCTI MOPOKHUCTUN BaJl 3aKPIIUICHO JKOPCTKUM 3’€THAHHS 3 TIPUBIIHAM
12 BrynkoBoro My¢roro 10, a MOBITps 3 NMOPOXHUCTOTO BTy BiABOMUTHCS uepe3 matpyOok 8. [lns mocriitHoro
BUMIPIOBaHHS TEMIIEPATypHU MPOAYKTY OyJIM BCTAHOBJIEHI TEpMOIIapH.
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Pucynox 1. YcraHoBKa [uist yBaplOBaHHSI OBOYEBOT CUPOBHHH IIi/1 BAKYYMOM IIPH NOCTIHHOMY NepeMilnyBaHHi: 1 —
oropw; 2 — maTpyOOK ISl 3IMBaHH FOTOBOTO NMPOAYKTY; 3 — MapoBa COpoUka; 4 — poboda Kamepa amapary; 5 —
CKpeOOK MepeMilIyloqoro NprucTpolo; 6 — Bajll MilIaJIKK; 7 — KPUILKA arapary; 8 — naTpyOoK Ui BiABEACHHS BOJIOTH; 9
-maTpyOoK 1y moxavi cupoBuHM; 10 — eekrpoaBuryH; 11 — 010K KepyBaHHS pOOOYHMH IIpoIIecaMu anapary; 12 —
CHCTeMa BaKyyMyBaHHS anapary.

Jnst oOTpyHTYBaHHS BUKOPUCTAHHS PO3POOJICHOTO MPUCTPOIO IS IEPEMilllyBaHHS Ta HarpiBaHHA OyJI0 MPOBENCHO
CHCTEeMHO-MHaMIYHEe MOJICITIOBaHHs Impoliecy. Ha ocHOBI paHillle MPOBEIECHUX IOCHTIPKEHb OyJI0 BCTAHOBJICHO MPSIMY

3aJIe)KHICTh NPOJYKTUBHOCTI anapariB Bijl ClIoco0y HarpiBy anmapatiB Ta peXXHUMIB pOOOTH.
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s

s
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Pucynok 2. Cxema mpHCTpOIO UIs IEpEeMIIIyBaHHS Ta HarpiBaHHS B S3KUX XapYOBUX MPOAYKTIB:
1 — po3pobiieHa KOHCTPYKIIisl IEPEMILTyI0uO0To IPUCTPOI0; | — TepMonapy; 2 — rHy4Ka IUIacTHHA;
3 — 6oBTHE 3’€1HaHHS; 4 — poboua KaMepa arapary; 5 — HepyxoMa 4acTHHa CKpeOKa; 6 — pyxoMa yacTuHa ckpeOka; 7 —
BaJI CTYIIHYACTUI MOPOXKHUCTHI; 8 — maTpyOoK 1Sl BiiBeIeHHS MOBITPsI; 9 — cTiHka amapaty; 10 — BTynka; 11 —
wtudT; 12 — Ban npuBiaHUN
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Ha puc. 3 npeacrapnena imitariiHa MoJiesib IIPOLIECY YBapIOBaHHS OBOYEBOTO COKY B BaKyyM BHIIApDHOMY arapary
3 PI3HUMH IEPEMIIIyFOUUMH IPUCTPOSIMH.

TEPMIH TePMiH

3aBaHTAKECHHA BHBaHTaKCHHA

KINbKICTh 3aBaHTAKEHb TEPMIH

/ \ TIPOTrpiBaHHA
°“"°“"Q, e O o co

. xoedinieHT
OTPHMAHHS COKY BIAMpPaBKa COKY MapOHATPIBAHHS
. KoedimieHT
TEPMIH  ypapsopamms
YBapIOBAHHSA

N
pearivais 7a) KOHIIeHTpaT| «——%—— (O

KOHLIEHTPATY BiINIpaBKA KOHI[EHTPATy OTpUMaHHS KOHIIEHTPATy

NPOJYKTHBHICTh *———— KiTbKiCTh 3aBaHTAKEHb

Pucynox 3. Imitariiina Mosens Mpolecy yBapiOBaHHS OBOYEBOTO COKY IIPHU MOCTIHHOMY Ie€peMilIyBaHHI

IIpunymenss:

1) mocraBKa COKY € pa30BOIO ITYJIECYIOUOIO;

2) 3aTpUMKH Ha OIEpallisfX BiAMOBIAAI0TH PEKOMEHIAIISAM 3 EKCILTyaTallil;

3) TepMiHH TEMI0BOI 0OPOOKH BiAMOBIJAIOTH TUIIOBOMY 00JIaIHAHHIO;

4) BTpaTd Ha OmepamifxX BiAMOBIAIOTH €KCIIEPUMEHTATBHUM AOCITIKEHHSIM;

5) 3anumIoOK MPOAYKTY BiACYTHI.

6) SKiCTh MPOMYKTY HE3MiHHA.

Ex30reHHi kepoBaHi 3MiHHI:

1) macoBi KOMITOHEHTH (OBOYEBHIA CiK);

2) eHepreTHyHi KOMIOHEHTH (KoedillieHT mapoHarpiBaHHs, KoeQIllieHT YBapIOBaHHSA Ta MNEPIOJUIHICTD
3aBaHTAKEHH);

3) exkoHOMiuHi KOMITOHEHTH (IPOYKTUBHICTD).

Ennmorenni kepoBaHi 3MiHHI:

1) KinpkicTh 3aBaHTa)KEeHb 3a 8 FOJMH MiJl Yac YBaprOBaHHS COKY 3 PO3POOJICHOK KOHCTPYKLIEK EePEeMillyFoYoro
mpuCcTporo Ta KoHCTpyKIiero XAYXT HICM.

2) VYBaproBaHHS OBOYECBOTO COKY BU3HAYAETHCS MHOKEHHSM BiNPABKK COKY Ha KOC(IliEHT yBapIOBaHHSI.

MoenbHUM BiAryKOM, a00 peaKkiliero Mojelli OyJI0 yBapIOBaHHS COKY.

Bcei ¢axropn MaroTh edekT B3aeMOJlii, TOOTO KOMOIHOBAaHOTO BIUIMBY Ha peakiilo Moxeni. bymo Bukopucrano

HACTYIIHI piBHI (pakTOpiB:

KoedimienT yBaproBauus mopisaioe 62,5 kr/800,0 kr.

TepMmiH 3aBaHTaXKSHHS CTAHOBHUTH 5 XB, yBapioBaHHs 40 XB, BUBAHTa)KEHHS 5 XB.

Tepmin nporpiBanHs cTaHOBHUTH 20 XB, TOMHOXKEHI Ha KOe(illi€HT IMTapoHarpiBaHHs.

KoedoimieHT mapoHarpiBaHHs i 9ac MapOKOHIICHTPYBaHHS CTaHOBUTH 10 xB/20 XB, miJ Yac KOHIEHTpYBaHHS 20
xB/20 XB.

[IponyKTHBHICTS BH3HAYAETHCS MHOMKEHHSIM peaii3alii HMpOJYKTY Ha KUIBKICTh 3aBaHT@XEHb 32 8§ TOJWH Ta
MOJAJIBIINM TIO/IIIOM Ha 8 TO/IMH.

Ha puc. 4 B pe3ynbTari MOAENIOBAaHHS MPOLECY YBAapIOBAaHHS PO3PaxoBaHa KUIBKICTh 3aBaHTAXXEHHS IIPOIYKTY B
amapaT 3a poOouy 3MiHy, a came 8 roauH. Tak TpM BHKOPUCTAHHI PO3pOOIEHOI KOHCTPYKII MEpeMIlIyrodoro
MIPUCTPOIO MM MAaEMO 3MOTY 8 pasiB 3arpy3uTH amnapar, a mpu BukopuctanHi KoHCTpyKiii XY XT ILICM Tinbku 6-b.

Ie BnmBae Ha MPOIYKTUBHICTH MPOIECY, a CaMe Ha PUCYHKY 5 TpeAcTaBIeHUH rpadik MpoIyKTUBHOCTI, MOAETH
BKa3ye e(pEeKTHBHICTh 3MEHIIICHHS 9acy BUXOy Ha CTAIllOHAPHUI peXUM 3aBJSIKHM 301TBIISHHS IUIONI HArPiBY amapary,
3TiTHO SKOi MPOAYKTUBHICTH Buile Ha 33 %.
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Pucynox 5. IIpoxykrusHicTh mpouecy: 1 - po3po0iieHa KOHCTPYKILiS
MePEMILIYIOUOT0 MPHUCTPOI0; 2 - kKoHCTpyKUis XAYXT LICM;
BucHosku.

TakuM YMHOM, BMKOPHCTaHHS IMITalliHHMX MOZEJeH JO3BOJISIE ONTHMI3yBaTH MNpOLEC BUPOOHHIITBA Xap4OBOi
npoayKiii 3a oOpaHMMH KOE(DII[IEHTAMH IUISXOM KOMIT IOTEPHOIO EKCIIEPUMEHTY 31 3MIHOK Ta KOMOIHYyBaHHSIM
3HaueHb KPUTEPiiB, 3a0€3Meuyloun po3paxyHOK MPOAYyKTHUBHOCTI. Ha BiAMiHY Bia 3BHYAaHOTO MOICNIOBAHHS, SKE
00OMEXYEThCS CIIOCTEPEIKEHHAM Ta (HOPMATLHUMHU CTATUCTHYHUMU 3B’SI3KAMU MK €JIEMEHTaMH CHUCTEMH, iMiTaIliiiHe
MOJICTTIOBAHHSA peatizye TUHaMiKy mporecy GyHKIioHyBaHHS. [loBeIeHO, 0 KOMIUIEKCHE OIIHIOBAaHHS Ta ONTHUMIi3allis
o0aJiHaHHSI XapuOBHX BHPOOHUITB MOXJIMBA B MEXaX CHCTEMHO-AMHAMIYHOTO MOJICNIIOBAHHS, SIKE IPYHTYETHCS Ha
AQHAJTITUYHUX 3B’sI3KaX CHCTEMHU Ta (i3MYHOMY eKcrepuMeHTi. Po3pobiena iMiTamiiHa MOJeNlb TPOIeCcy yBapIOBaHHS
IIPU TIOCTIHHOMY IIepeMilllyBaHHI IiJi BaKyyMOM, sika BKa3ye e(eKTHBHICTH HpOLECY 3a paxyHOK 3MEHIICHHS 4acy
BUXOJly Ha CTalllOHAPHUI PEKUM 3aBJSIKH 301IbIIEHHIO IOl HarpiBy amapary, 3TiJIHO KO IPOJyKTUBHICTh BHUIIE HA
33 %.
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MATEMATHYECKOE MOIEJIMPOBAHUE JIMHAMUWKHU
BBICOKOTEMIIEPATYPHOM CYIIKA U TEPMUYECKOI'O
PA3JIO’)KEHUSA BUOMACCHI

CopoxoBas H.H. a.t.H., c.H.c., Kopunuyk I.H. K.T.H., C.H.C.
HMucTutyT Texunuyeckoi tenaopusuku HannonanobHoii akagemuu Hayk Ykpaunbl, Kuen

MATHEMATICAL MODELING OF THE DYNAMICS
OF HIGH-TEMPERATURE DRYING AND THERMAL

DECOMPOSITION OF BIOMASS
Sorokova N.N., Korinchuk D.N.
Institute of Engineering Thermophysics of the National Academy of Sciences of Ukraine, Kiev

Annomayun. Paspabomana mamemamuueckas —MoOelb U YUCIEHHBI MemoOd pacyema  OUHAMUKU
MenioMacconeperoca, (azoevix npespawjeHull U YCcaoku Npu Cyuike KOIOUOHbIX KANULIAPHO-NOPUCMBIX Mell
YUTUHOPUUECKOU hOpMbl 8 YCI08UAX PABHOMEPHO20 000y8a menioHocumenem. Mamemamuyeckas mMooenb cmpounacs
Ha 6asze OughgepeHyuanvHo20 YpasHeHuss nepeHoca cyocmanyuu (dHepeuu, MAccvl, UMNYIbCa) 8 O0epopmupyemvix
cucmemax. Hpoee()enbz IKCnepumeHmajibHovle UCCNE006aAHUS KUHEMUKU 00e3601CUBAHUS uacmuy 3Hep2emuqea<0ﬁ
6epbvl 8 nomoxe 6030yXa ¢ yevio sepuurayuu mamemamuyeckou mooenu. OOOCHOBAHA BO3MONCHOCMb ee
UCNONL306AHUSL OJIS1 pacuema COBMECNIHbIX NpoYeccos CYWKU U HAYANbHO2O dmana mepmuvecKkoco pa3iloxCerust
ouomaccwl. C ucnonvzosanuem paree noay4eHHvblx OaHHbX no snadenuam anepeuu axmusayuu A,qg(T) ona pasnuunvix
6U006 bUOMACCHI I’lpO@EOEHO mamemamuveckoe ModeflupoeaHue OUHAMUKU U KUHEMUKU 6b1001<0memnepamypn012 CYUKU
6 NOmoKe ObIMOBbIX 24308 3Hepeemultea<0ﬁ 6€p6b1, Komopasi conpoeoofa)aemc;z mepxwodecmpym;ued 2eMUOYeloNI03bl.
Pesynemamoer  yucienuvix 9KCHepUMEHMO8 CEUOEMENbCMEYION 00  A0eK8AMHOCIU  NPEOIOACEHHO20 N00X00d,
aghpexmugnocmu  mamemamuyeckou modenu u memooa ee pearusayuu. Ha ux ocnoge 603M0%CHO npo6oOumv
uccneoosanue OUHAMUKU menjiomacconeperHoca npu CywkKe uyacmuy pasiudHsblx 6U006 UIMENbYEHHOT 6u0MaCCbl,'
onpec)eﬂeHue memnepamypsl Hadaula U OKOHYAHUA nepgoﬁ cmaouu mepmu4ecKoco pasiodcenus; Momernma
OOCmMJICQHuﬂ paeroeecroco SJZLZZOCOOQPDK‘LZHME 6 3A6UCUMOCIU OM CEOUCE mamepuaia U CYuuibHoco azenma. 3mu
OaHHbie NO360JAI0M 3bl6upamb ONnMuMalbHovle C MOYKU 3PEHUsl COXPAHEHUsSl dHepcuu U Kadvecmea e6blCyuueaemozo
NPOOYKMaA pedcuMHble Napamempsbl npoyeccad.

Abstract. A mathematical model and a numerical method for calculating the dynamics of heat and mass transfer,
phase transformations and shrinkage during the drying of colloidal capillary-porous cylindrical bodies under
conditions of equitable winding by a coolant are developed. The mathematical model was based on the differential
equation of substance (energy, mass, impulse) transfer in deformable systems. Experimental studies of the kinetics of
dehydration of energy willow particles in the airflow were carried out to verify the mathematical model. Its
applicability for calculating combined processes of drying and of the initial stage of thermal decomposition of biomass
is substantiated. Using the previously obtained data on the activation energy values for various types of biomass, a
mathematical simulation of the dynamics and kinetics of high-temperature drying in the flue gas flow of energy willow
was carried out, which is accompanied by thermal destruction of hemiocellulose. The results of numerical experiments
indicate the adequacy of the proposed approach, the effectiveness of the mathematical model and the method of its
implementation. On their basis, it is possible to study the dynamics of heat and mass transfer when drying particles of
different types of ground biomass; determination of the temperature of the beginning and ending of the first stage of
thermal decomposition; the moment when the equilibrium moisture content is reached, depending on the properties of
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