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MATEMATHUYHA MOJEJIb IEPEMIIIEHHS 3EPHOBOI CHPOBUHHA
ITPHU B3AEMOJII 3 JTUCIIEPTATOPOM I HTHEKOBUM KUBUJIBHUKOM

BioakmueogaHe ducnepzoeaHe 3epHO, sike OMPUMYIOMb W/ASIXOM 3AMO4YB8AHHS 3 HACMYNHUM 30piOHEHHSAM Ha
ducnepeamopa, € nepcneKMu8HOW CUPOBUHOI 0151 PO3WUPEHHS ACOpMUMEeHmMy XAi606y/104HUX 8upo0bis i 3a6e3neyeHHs
HacesneHHs npodykyier 3 nideuwjeHoio 6ion02iyHO0 YiHHICMIO. 3004151 8U3HAYEHHS KIHeMAMUYHUX Xapakmepucmuk pyxy
3epHo80i cymiwi 6 ducnepeamopi & 3asexcHocmi 8i0 i020 KOHCMPYKMUBHUX XapaKmMepucmuk i Kymosoi weudkocmi wiHeka
JHCUBUNBHUKA 3aNPONOHOBAHO MAMEMAMU4Hy Modeab nepeMiujeHHs1 3epHo80i cupoguHu nid yac nodpi6HeHHs. OmpumaHo
mMmamemamuyHi 3aaexcHocmi 051 8U3HAYeHHS Weudkocmi npoyecy ducnepay8aHHs, sKi MOJXCHA 3acmocosysamu 3
8paxysaHHsM Pi3uyHUX s1acmusocmeli mamepiaay npu cmayioHapHoMy pexcumi po6omu ducnepeamopa.

Kawuosi caosa: ducnepzamop, 6ioakmugosaHe 3epHO, WHEK, 3epHO8A CyMiwl, cmayioHapHull pexcum po6omu,
aszebpaivHi 3a1excHoCMi, KIHeMamuYHi XapaKkmepucmuku.

MYKOLA NAUMENKO, SVETLANA MYKOLENKO, VICTORIA GURIDOVA, YANA HEZ
Dnipro State Agrarian and Economic University

MATHEMATICAL MODEL OF GRAIN RAW MOVEMENT IN INTERACTION
WITH DISPERSER AND SCREW FEEDER

Bioactivated dispersed grain, which is obtained by soaking followed by grinding on a dispersant is a promising raw material for
expanding the range of bakery products and providing the population with products of high biological value. Bioactivation is understood as
the process of grain saturation with moisture, during which the transformation of macromolecular substances into easily accessible forms
takes place, which makes it a source of bioactive substances. However, the implementation of the process of dispersing bioactivated grain
material remains relevant, the process of grinding which is mainly influenced by such factors as moving the grain with the help of a screw
feeder and pushing it through the cutting mechanism.

To obtain dispersed grain, there are a large number of crushing machines, the main working bodies of which are the screw feeder,
knives and lattice. Many scientific papers are devoted to improving the helical transport mechanism of the disperser, by changing its design,
which allows to increase the homogeneity of the grain mass at the outlet, its dispersion, reduce energy consumption and increase
productivity. However, the use of screw feeders for grain dispersion raises a number of issues that require further research. Namely, the study
of the influence of the additional pressure required to work when loading the material on the process of its movement, and determining the
speed of movement of the grain material through the cutting mechanism for grinding in the dispersant.

To address the above issues, a mathematical model for the movement of grain raw materials during grinding is proposed.
Mathematical dependences for determining the speed of the dispersing process have been obtained, which can be applied taking into account
the physical properties of the material in the stationary mode of operation of the dispersant.

Key words: dispersant, grain bioactivation, auger, grain mixture, stationary mode, algebraic parameters, kinematic
characteristics.

IHocTanoBKa mpo0/1eMH y 3arajibHOMY BHIJISIAI
Ta ii 3B°f130K i3 BA2KJIMBUMH HAYKOBUMH Y¥ NPAKTHYHUMH 3aBAAHHAMHA

3aBIaHHAM XapyoBOi i mepepoOHOT MPOMHUCIIOBOCTI € 3a0e3IeUeHHs] HACEJICHHSI XapuOBUMH TPOAYKTaMHU
migBuIeHoi OioyoriyHoi miHHOCTI. Ha choromHi mepcrneKTHBHUM y BHPOOHHITBI XIi0OOYJIOYHHX BHPOOIB €
BHKOPHUCTAaHHS 010aKTHBOBAHOI JUCTIEproBaHoi 3epHOBOi cupoBuHM [1—4]. ITig OioakTHUBAIIE€I0 PO3YMIIOTh MPOIIEC
HAaCWYECHHS 3€pHa BOJIOTOIO, B XOA1 SKOro BigOyBaeThCsl TpaHC(OpPMAIlisl BHCOKOMOJEKYISIPHHX PEYOBHH B
JETKOAOCTYHI (opMu, 1m0 i poOHTH HOro mKepenoM Oi0akTHMBHHX pedoBHH [5—6]. IlpoTe, akTyambHUM
3aJIMIIAETHCS peatizalis Mporecy INCIepTryBaHHA 0i0aKTHBOBAHOTO 36pHOBOTO MaTepiaty, Ha MPOIec MoaApiOHeHHS
SKOTO TIEPEBAKHO BIUIMBAIOTH TaKi YMHHUKH, SK MEPEMIIICHHS 3€pHA 3a JIOTIOMOTOI0 ITHEKOBOTO XKUBIJIBHHUKA Ta
MIPOIITOBXYBAHHS HOTO KPi3h PLKYYHI MEXaHi3M.

AHaJii3 0CTaHHIX J0CTiKeHb Ta myOJikauin
JIyis oTpUMaHHS AUCTICPrOBAHOIO 3€PHA iICHYE BEIHMKA KUIBKICTh 3[piOHIOI0YMX MAIIuH [7, 8], OCHOBHUMU
poOounMH OpraHaMu SKHX € IMHCKOBHW >XHBIJIBHHK, HOXI 1 pemriTka. barato HaykoBHX mpalb MPUCBIYCHO
BJIOCKOHAJICHHIO TBUHTOBOTO TPAHCIIOPTHOTO MEXaHI3MY JUCIEPraTopa, 3a paXyHOK 3MiHU HOTO KOHCTPYKIIT [7, 8],
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10 JIO3BOJISIE IiJBUIUTH OIHOPIAHICTH 3€PHOBOI Macu Ha BUXOJi, 1i IUCIIEPCHICTb, 3HM3UTH EHEPrOBUTPATH 1
MiABUIIUTY MPOAYKTUBHICTE. ¥ poborax [9-13], mocmimKeHO Taki MUTaHHS, SK HABAHTA)XCHHS HA TBHHTOBI po00Ui
Oprasy, iIX po3paxyHOK i mpoekTyBaHHs. [IpoTe, IpH BUKOPUCTAaHHI IIHEKOBHX KUBHJIBHHKIB IS AUCIICPTyBaHHSA
3epHa BUHHKAE PAI IMUTaHb, SKi MOTPEOYIOTh TOAATKOBHUX JIOCIIDKEHb. A caMe, JOCHTIIKCHHs BIUTUBY JOAaTKOBOTO
THUCKY, HEOOXimHOTo s poOOTH TpH 3aBaHTAKEHHI MaTepialy Ha IpoIec HOro mepeMillleHHs, i BH3HAYCHHS
MIBUIIKOCTI PYXY 3€pHOBOTO MaTepiaiy Kpi3b piXyduil MexaHi3M ais fioro moapiOHeHHs y aucmepraTopi. Po3podka
MaTeMaTHYHOI MOJeIi B3aEMOJii 3epHOBOTO HACHITHOTO MaTepiaily 3 eJleMeHTaMH TUCIIePraTopa B CTAlliOHAPHOMY
pexumi poboTr 1o3BoIIIA O YIOCKOHATIOBATH MIPOIIEC AUCIIEPTyBaHHS.

®opmyBaHHA HiJel cTaTTi
B 3B’si3ky 3 BigMiueHHUMH NPOOIEMHUMH NMUTAHHSIMHU 3aBIaHHSIM POOOTH CTajaM po3poOKa MaTeMaTUYHOI
MOJIeT B3a€MOJIT 3epHOBOTO Marepiary 31 ITHEKOM JUCIIEpraTopa B CTallioOHAPHOMY PEKUMI POOOTH Ta OTPUMaHHS
3aJIeKHOCTEH KIHEMaTHYHHMX XapaKTEPUCTUK PyXy 3€pHOBOI CyMillli B JUCIEpraTtopi BiJl KOHCTPYKTHBHHX 1
KiIHEMaTHYHHX XapaKTEPUCTHUK CaMOTo JUCIEpraTopa.

Bukan ocHOBHOro Matepiany

VY pobori [14] o6rpyHTOBaHA MaTeMaTHIHA MOJEIb B3AEMOJIT 36pHOBOI CYMIIlli 3 ITHEKOBUM >KABUIHBHUKOM
JHcIiepraTopa mpy IepexifHoMy pexuMi Horo podortu. Ilpu ycraneniit poboTi qucrepraropa, po3nIAaldn pyx
3epHOBOI CyMiIlli SIK €IMHOTO IIJIOro, OyJeMo BBaXKaTH IIBUAKICTH IEPEMIIIECHHS B OCHOBOMY HAIIPSIMKY CTaJIOO
(V1). TIpu mpoxomKeHHi yepes PelniTKy B mpolieci MoapiOHEHHs MaTepiany Ha BUXOII 3 AUCIEpraropa IBHIKICTH
3pocrae, npuiimaroun 3HadeHHs Vp. KpiM Toro BBakaemo, 1o 00’€M IHEKAa MOBHICTIO 3alIOBHCHUN MPOIYKTOM;
00’eM MaTepiaily, 10 3aIOBHIOE IIHEK Ha OyAb-SKOMY KPOIl, Ma€ Taki )k KiIHEeMaTH4YHI XapaKTEPUCTHKH, SIK 1 00’eM,
1110 3aIlOBHIOE CYCI/IHII KPOK; KpPOK TBUHTOBOI IMOBEPXHI IIHEKA € HE3MIHHUM; IIijl 4ac poOOTH AMCIIepraropa mnpu
3aBaHTa)XEHHI 3a0e3euyeThes cTanuii THek g (puc. 1).

Jnis anamizy mnporecy MOApiOHCHHS MaTepiany 1 A MOXIMBOIO HOro YIOCKOHAJICHHS BaXKIMBO
BCTAHOBUTH 3aJICKHICTh KiHIIEBOI MBUAKOCTI V2 BiZl KyTOBOT IIBUAKOCTI ITHEKA JHCIIEPTaTopa o.

3acTocoBylo4H 10 00’eMy Marepiany, IO HaIXOOWTh B Aucnepratop Teopemy Eifnmepa mms cyninbHOTO
cepenosuma [15], mpuiinemo 1o piBHAHHS:

-M\V,+Ncosa - f,Nsina—f,N_cos f+Q=0 (1)
ne Mc — ceKyHIHa Maca;
V> — IBUKICTH Ha BUXO/I 3 JHUCIIEPraTopa;
N — cymapHUif THCK TOBEpXHi IIHEKA HA MaTepiar;
0. — KyT HaxXuJly TBUHTOBOI JIiHIT IIHEeKa;
f1 — koedimieHT TepTs HA MOBEPXHi ITHEKA;
f, — KoedimieHT TepTs Ha KOPITyCi MIHEKa;
f — KyT, IKHi YTBOPIOE BEKTOP LIBUAKOCTI TPAHUYHOI YaCTUHH MaTtepially 3 OCbOBUM HAIPSIMOM;
N« — cyMapHuii pafiaidbHUI THCK KOpPITyca IIHeKa Ha Martepia;
Q — ochoBa cuiia Bijl JOAATKOBOTO THCKY (] HA MaTepiai.
3a BiJOMOTro JOJAaTKOBOTO THCKY ( TIPH I0Ja4i Matepiaily Ha IIHEK OChOBY CHIy Q BH3HAUATUMEMO 5K
D?-d?
Q = qﬂ-T!

ne D — BHyTpiLIHIN iaMeTp KopIyca IIHEeKa;
d — miameTp Baua tHeka (puc. 1)

Pagianena cuna N, Oyze 3anexaru Bix gomatkosoro tucky N q° BiJl BIIIICHTPOBOI CHJIH Nw Ta BiJ CHIN
Baru P.
Cuny N q OyzemMo BH3HAUATH SIK
N,=q-z-D-I,

ne | — moskuHa Kopmyca.
BimguenTtposa cuiia
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q
VIVV VYV VYV Y

Puc. 1. lucnieprarop

D?—d?
e m — mMaca matepiany B gucnepratopi (M= y -1 e );
@ — KyTOBa IIBUAKICTH MaTepiaiy;
N . . D+d
R — cepenniii paziyc 06’emy Matepiany B aucnepratopi ( R = > ).
Bary maTepiany BU3HAYaEMO SIK
D?-d’
P=y-g-m| ——|,
4

e ¥ — T'yCTUHA CyMillli;
0 — MPUCKOPEHHS BUTLHOTO MaXiHHS.

TakuM YMHOM CHJa TEpTS, IO BHHHMKAE NPH B3aEMOJII Marepiasly 3 KOPILyCOM HaOJIDKEHO MOXKHA
BU3HAYHUTH K

N,=f(N,+N,+P)
[Ipy BU3HAYEHHI IIBUJIKOCTI PyXy CyMilli B OCbOBOMY HampsiMi Vi mpuiiMeMO /O yBard, L0 BOHa
3a0e3neuyeThcss poOOUOI0 MOBEPXHEIO IIHEKa KMBMUIIbHUKA. 38 YMOBH, L0 CYMIIl PYXa€ThCs TUIBKH B OCHOBOMY
HanpsMi 3a OJMH 00epT IIHEKa 3 KyTOBOK MIBUJKICTIO (U, OChOBE INepEeMillleHHs Martepiany 3i mBuaxicTio Vi

CKJIaJlaTHME OJIMH KPOK IHeKa N, 1110 Jjae MOKJIMBICTh OTPUMATH CITiBBiTHOIICHHS

w, V
Fyninine )
2z h
BpaxoByrouwn, 110 HaCHITHHIA MaTepial 00epTaeThCS 3 KYTOBOKO MIBUAKICTIO (» CHIBBIIHOIICHHS (2) TpuiimMe
BUTJIS
o -0 _V,
27 h
3BIJIKH
(w, —®)-h
Vp = —— ©
2r

BpaxoBytoun BUKIIaieHe A7t KyTa ff IpUiHeMO 10 CITiBBiIHOLIEHD

i sinf = ©-D

cos B =

abo
2V, w-D

Cosf = i sinfg =
JNVE + @ -D? 2 + @ -D?
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[Npuiimaroun 10 yBarw yCTaJCHUH pyX MOTOKY Marepialy B KMBWIBHUKY, CKIaJIEeMO PIBHSHHS PiBHOBAaru
MOMEHTIB CHJI MPHUKIIAJCHUX 0 MACUBY BiTHOCHO OCi OOCpTaHHS:

NsinaR+ fN COSaR—NKSinﬁ%ZO (4)

3ajexHicTh mBUAKOCTeH V1 1 V2 BUIITMBAE 3 YMOBH HEPO3PHBHOCTI MOTOKY bepHyii, 3riHO 3 KOO
SV, =3,V,,
Jie S1 — IJIoIIa MMOTIepedHOTro nepepizy 00’eMy mMarepiany B TUHCHEpPraTopi; S; — Iiolia nornepevyHoro nepepizy

MOTOKY IPY NMPOXOJDKEHHI Yepe3 PEelIiTKY.
Toni
S S, (w,—w
sz_lvlz_l.w.h (5)
s, s, 2r
IMincraBnsroun Bupasu ais Vi i Va 3 dopmyn (3) i (5) B piBHAHHS (1) oTprMaemMo
S? (w,—w)-h
_7/ —_—
S, 4r?
CywmicHuit po3B’s130K piBHSIHB (4) 1 (6) Ta€ MOKIIHBICTh 3HAXOIUTH KYTOBY IIBHAKICTH (» Ta MBUAKOCTI V2 i
V1 B 3aJI©)KHOCTI BiJI KyTOBOI IIBUIKOCTI IITHEKA 1 ITapaMeTpiB KOHCTPYKIIIi AUCIIepraTopa.

+Ncosa— fN-sina—f,N, cos f+Q=0 (6)

BHCHOBKH 3 1aHOT0 IOCJTIIKEHHSI i TepCcNeKTHBY MOAATBIINX PO3BiIOK y IaHOMY HANpPsAMi

Pyx mpomykry B IIHEKOBOMY JHUIIEPraTtopi BHM3HAYa€ThCS SK KOHCTPYKTHMBHUMH 1 KiHEMaTHYHHMU
XapaKTepUCTUKAMU JKMBHWJIBHUKA, TaK 1 (DI3UUYHMMHU BJIACTHBOCTSAMH YaCTHHOK MaTepiaiy, IIo 00poOIIseThes.
Po3po6inieHo 1 3amporoHOBaHO MaTeMaTH4YHY MOJENb, IO JO3BOJISIE aHAJi3yBaTH KiHEMAaTHU4YHI XapaKTepHUCTHKH
PyXy 3€pHOBOi CyMilll B JAucCHepratopi B 3aJie)KHOCTI BiJf HOTO KOHCTPYKTHBHHMX XapaKTEPUCTHK Ta KyTOBOI
IIBUJIKOCTI IITHEKA KUBHJIBHUKA.

Juis  cTamioHapHOTO pekuMy poOOTH OTpHMAaHI [OCTAaTHRO TIPOCTI anreOpaidHi 3aleKHOCTI, IO
JO3BOJISIIOTH BU3HAYATH LIBHAKICTH JUCIICPTYBAHHS 32 BiIOMHUX ()i3MYHUX BIACTHBOCTEH Matepiamy. ociimKkeHHs
PyXy CyMimi B QUCIIEpPraTopi Na€ MOXKJIMBICTH MiAOMpATH pamioHaNbHI XapaKTEPHUCTHKH TUCIIepraTtopa s
3a0e3neueHHs Horo e()eKTUBHOI pOOOTH.
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