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Annotanus.lIpeiaraemas BHUIMAaHUIO YWTaTeNs LEHTpU(Yra NMPUMEHSETCS B CaMBIX Pa3HOOOPA3HBIX OTpacisx HpomsiuieHHocTH. C
TEXHUUYECKOI TOUYKH 3pEeHUs e€ OTINYaeT YAIMHEHHBIN, CINIONIHON, JBIDKYIIMHCS C BHICOKON YacTOTON BpAICHHSA POTOpP, OTKyJa CIEAYET
BBICOKOE 3HauyeHHe (akropa paszgeneHus. JlaHHas MaliMHa ¢ TPyOUaThIM POTOPOM YacTO HCHOIb3yeTcs MPU 0OpabOTKe >KHIKOCTHBIX
00J1a1a10IINX YHUKAIBHBIMH CBOWCTBaMU CpeJl, C LENbI0 MX paszeieHus (¢ yactunamu pasmepoM 0,5-5 MKM, 00ObEMHOW KOHILIEHTpaluen
TBEPIOro He Gosee 2 %), a TaKXKe B TEX CIydasxX, KOIJa 3MYJbCHU Pa3JeNIAIOTCA C TPYAOM; B IHIIEBBIX IIPOU3BOJICTBAX — IpH 00paboTKe
(pPYKTOBBIX COKOB, OaKTepHaIbHBIX OYJIBOHOB. BaKHBIM CErMEHTOM HAyYHO-TEXHHUYECKON 00IacTH, KOrjna MpuOeraloT K MCIOJIb30BAHHIO
TpyOuaToi HeHTpU(YIU HA IPAKTHKE, BT (PPaKIMOHMPOBAHKE HA MX OCHOBE B3BECEH 110 BEIMUMHE YACTHILL TBEPIOH (a3bl, a TAKKe IPH
JIUCTICPCHOHHOM aHAaJHM3€ BBICOKOJIUCIIEPCHBIX M KOJUIOMJIHBIX CHUCTEM. B TOXe Bpems cieayeT MOJYEpKHYTh, YTO, XOTS C MO3UIMN
OIITHMHM3AIMH TIpoLiecca SHTPUPYTHpOBaHusi, (HPOPMHUPOBAHHUS CIIOS OCAJIKa Ha CTEHKE POTOPa, UCCIieryeMast 3/1eCh pobieMa U MoJHUMAlIach
B pabotax Takux yu€HbiX, kak CokonoB B.I1., bekkep E., Anexcanapos O.E. u zp., npopaboTtana Bce elie He10ocTaTouHO. B 1aHHO# cTaThe Ha
0a3e Hay4HOro IOJOXXEHHS O 33/IaHHOM JIBW)KEHHH YaCTHUIIBI C TaK HAa3bIBAEMBIM KPHUTHYECKUM JMAMETPOM B TOHKOCJIOHHOM >KHJIKOCTHOM
IIOTOKE, IpeIaraeTcs METOJIMKAa II03TAIHOro (hpPaKIMOHMPOBAHMS MOJIMIMCIEPCHOIO B3BEHIEHHOTO B JKUAKOCTH MOPOIIKAa B POTOpE
TpyOuaroil ueHTpu(yry, ¢ LEIbl0 BBIACIUTH M3 HEro 4acTHUIbl JAHHOTO pasmepa. Ha mpoOHOM M3Menb4€HHOM MartepHane MpOBOIMTCS
YHCJICHHOE MOJISIIMPOBAaHKE IpoLiecca PPaKLIHOHUPOBAHUSL, YTO MOXKET OBITh UCIOJIb30BAHO B NPAKTHYECKUX YCIOBHUSX.

KuroueBsle ciioBa: ueHTprdyruposanue, pasjeneHue, TpyodaTas HeHTpudyra, cycreHsus, GpakiiHoHUPOBaHNE
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Abstract. The centrifuge offered to the reader's attention is used in a wide variety of industries. From a technical point of view, it is
characterized by an elongated, solid, high-speed rotor that results in a high separation factor. This tubular rotor machine is often used in the
processing of liquid media with unique properties, for the purpose of their separation (with particles of 0.5-5 pum in size, with a volume
concentration of solids of no more than 2%), as well as in cases where emulsions are difficult to separate; In food production — in the processing
of fruit juices, bacterial broths. An important segment of the scientific and technical field, when the use of tubular centrifuges in practice, is
the fractionation of suspended solids based on them, as well as in the dispersion analysis of highly dispersed and colloidal systems. At the same
time, it should be emphasized that, although from the standpoint of optimizing the centrifugation process, the formation of a layer of sediment
on the rotor wall, the problem studied here was raised in the works of such scientists as Sokolov V.I., Becker E., Aleksandrov O.E. and others,
it has not yet been sufficiently worked out. In this article, on the basis of the scientific position on the given motion of a particle with the so-
called critical diameter in a thin-layer liquid flow, a method of step-by-step fractionation of polydisperse powder suspended in liquid in the
rotor of a tubular centrifuge is proposed in order to isolate particles of a given size from it. Numerical simulation of the fractionation process
is carried out on the test crushed material, which can be used in practical conditions.
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BBenenune

Hentpudyrn nomydnnu MmUpOKOE pacIpo-
CTpaHEHHUE B IPOLECCAaX OYUCTKU Maces, a TaKKe
IIpU CO3JAHUH BAaKLUH U CBIBOPOTOK B (hapMalies-
TUYECKOW MPOMBIIUIEHHOCTH, TI€ HCHIOJIb3YIOT
ueHtpudyru mapok OTP-102K-01 u OTP-151K-01 -
MaIlMHBI IEPHOIMIECKOT0 JEHCTBUS C OCBETIIIOIINM
Tpy6uaTeiM potopom [13—20]. C nenbio OCBETIICHUS
CyCIIEH3MH € MEJIKOAUCIIEPCHON TBepAoi (azoi
KOHIICHTpaluelr He 0onee 2%, U OTHOLICHHEM
TUIOTHOCTEH TBEpAOW W KUIAKOH (a3 B quamazoHe
He meHee 1,1, mpeaHa3Ha4deHsl HeHTpU(yTu MapKku
PTP — 102K - 01.

[Momumo sTOTO, TpyOuaThie UEeHTPUDYTH
UCIIOJIB3YIOT U JUI AMCHEPCHOHHOTO  aHauu3a
BBICOKOZIMCTIEPCHBIX CUCTEM, a TAKOKE B CITy4asix, KOraa
HEOOXOAMMO TIPUMEHSATh MaIIUHBI ¢ MATBIMH Pado-
YMMH{ HOBEPXHOCTSAMU. B yactHoCTH, eHTpUdyTH
Mapkun OTP, PTP npuMeHSIOT A7 OCBETIEHUSA
CYCIIEH3MH C TOHKOAMCIEPCHOH TBepnol Ga3zoit
¢ pasmepom 4actwil B tuanazone 0,5 — 5 Mk, 00beM-
Hasl KOHIIEHTpaluel ux B sxunkoi (ase e oonee 1%.

JuaMeTpsl pOTOPOB IMPOMBIIIIEHHBIX II€H-
tpudyr — 80 — 150 MM, naboparopusix — 40 — 50 Mm;
MPOU3BOAUTEIBHOCT — 0,2 — 2 M/, JlaHHBIN THII
MAIlIMH HCHONB3YIOT B IMILEBOM, XUMUYECKOH, Me-
JWIIHCKOM ¥ IPYTUX OTPACIISIX TPOMBIIUICHHOCTH.

Crietyer OTMETHTb, YTO BCIC/ICTBHE CPABHH-
TENBHOW TPOCTOTHI HM3TOTOBICHUS U HAJISKHOCTH
B 3KCIITyaTauuu 3a ucrekimue 30 JeT TeXHnIecKnue
nmapaMeTpel TpyOuUaThIX IEHTPUPYT (AuameTp u
JUIMHA poTOpa, PaKTop paszeieHus) NPaKTUIECKU
HE MEHSUTUCh.

post@uestnik-vsuet.ru

B teopermueckom rmiaHe mpobieMa Kode-
CTBEHHOTO aHAIIN3a KWHETUKH TIpoliecca pa3aeeH s
CMeceil, TPUMEHUTEIFHO K ra30Bol meHTpudyre,
uccnemoBanack B pabotax [6-12], k ®KHIKOCTHON
nenrpudyre — B padorax [1-5]. Hecmotps Ha 370,
TaKKe BOTIPOCHI KaK ABOJIOIUS TUCIICPCHOCTH B3BECH
py 00pabOTKe €e BO BHYTPUPOTOPHOM TIOTOKE, hop-
MUPOBAaHUH CIIOSI OCajIKa Ha CTEHKE POTOpa, ONTH-
MU3aIUH [Ipoliecca NEHTPU(YyTUPOBAHUS U APYTOE
MpopabOTaHkI BCE €Ile HeTOCTATOYHO.

B cBs13u ¢ 3TMM aHHas TipoOieMa HyKAaeTcs
B TAJTbHEUIIIEM YTITyOJICHHOM U3YYEeHUH, TIOCKOJIBKY
B TIPaKTUYECKOM OTHOIIICHHH HEOOXO/IMMO PACIIONararh
KOPPEKTHBIM PACUYCTHBIM aIIapaToM MPOTHO3UPO-
BaHUS MPOTEKaHUS JAHHOTO TIpoIiecca.

Huwxe, ¢ HOBBIX NO3ULIMM, mpeaIaraercs
AHAIMTUYECKHUI ammapaT B U3BECTHOW CTENCHH
CBOOOJHBIA OT OTMEYEHHBIX HEIOCTATKOB M YHC-
JIEHHOE MOJENIMPOBaHUE TIpoIlecca pa3faeNeHHS
CYCIICH3HH C LIENbI0 (PPAKIIMOHUPOBAHUS 3aTPABOY-
HOT'O TIOpOIIKa B pabodeM oObeMe IEHTPOOSKHOH
MAalIUuHbl HENIPEPBIBHOTO JEHCTBUSA, OTHOCALICICS
10 THITy K OTCTOWHOH IIeHTpudyre.

B npanpHeillieM npu aHanu3e mpouecca
CeJIMMCHTAIIMM B3BECH B poTOpe MEeHTpudyru
MPEAIoiIaralT, 4To oOpabaTeiBacMas CYCIICH3HS
MpeICTaBIsIeT CO00H C1abo KOHIICHTPUPOBAHHYIO
JKUJIKOCTHYIO CMECh, BKIIIOYAIOIIYI0 YaCTHIIBI
MaJIoTo pa3Mepa U MpUMepHO chepruaeckoit (GopMBIL.
CuuTaroT, 4YTO POTOpP LEHTPU(DYTU HAXOIAUTCS
B PaBHOMEPHOM JIBU)KEHUH C YTIIOBOH CKOPOCTHIO (0,
MOTOK OTrpaHndeH 00macTeio N < r <R (rme rou R,
COOTBETCTBEHHO, PaJNyC CBOOOIHOM OBEPXHOCTH

YKUJIKOCTH U pajiryc potopa), 0 <z <L (pucyHok 1).
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Pucynok 1. Cxema potopa Tpy6uaroii eHTpU(yri HeMPEPHIBHOTO ACHCTBUS (B MEPHIMOHATLHOM CECUCHHH)
Figure 1. Diagram of the rotor of a continuous tubular centrifuge (in the meridional section)
[To manHBIM psima pabOT yCTAHOBIEHO, YTO D IAS?
3HaueHue yucna PeitHonpaca BO BHYTPUPOTOPHOM Ug=——, @
MOTOKE NEHTPU(DYTU B TAKMX CIy4asx HEBEIHKO. 184

HOBTOMY pe)KI/IM TCUCHHUA B pOTOan ATUX MalllnH
clemyeT CYUTaTh JaMHUHApHBIM. OJTO CO31aeT
HpeI[HOCI)IJIKI/I JJIs1 KOJIMYECTBCHHOI'O aHaJIn3a
B QHAIMTHIECKON (hopMe KHHECTHKH B3BECH B TIOTOKE,
C WCIOJB30BaHUEM M3BECTHOM, CIpaBeNIMBOM JJIst
TOHKOIHMCTICPCHOTO TTOPOIIKA, 3aBUCUMOCTH [2]

26

r1e A = Pr— P, Pry Px — COOTBETCTBEHHO, INIOTHOCTD
TBEPIOTO U XKMIAKOCTH, KI/M>; W IS ONpeieeHHO-
CTH Pr> Pu, A> 0; W — JMHaAMHYeCKasl BA3KOCTD KW/~
koctH, [1a-c; & — anameTp yacTuIpl, M; Vo = Vr — Xapak-
TepHasi CKOPOCTb YaCTHLBI (M/C).
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B cBoro ouepenp, oceBas COCTaBISIOLIAS
CKOPOCTH TIOTOKA BHIOUPACTCSI 10 3aBUCUMOCTH [2]

2 2 r
v, :i R—r+r02 |n(_0j , (2)
bi79] 2 R
rae
4 4
ﬁ:RT+3%—R2roz—ro“,M4; (3)

V — pacxon sxuakocty, M%/c; V = Q/3600, Q — mpo-
M3BOIUTENBHOCTD EHTPH (YU, M>/4.

B takom cnyvae, ucxons u3 auddepenu-
QIPHOTO YPaBHEHUS TPACKTOPHM IPOOHOH da-
cruusl dr/dz=v, /v, , ¢ yaetom (1)—(3) npuxoast
K COOTHOIIICHHIO

()

4r
°

Jnst Toro 49TOOBI TOJYYHUTH 3aBUCHMOCTB
MEXIy HapaMeTpaMH MOTOKa KUAKOCTU W NPOOHON
(TMIOTETHYECKO#) YacTHIEH, IMepeMelIaromencs
nio tpaektopuu BC (tae B(r, 0), C(R, L)), ypaBHeHue
(4) mHTErpHUPYIOT ClIeBa 10 I' B IIpenenax oT I ao R,
cripasa 1o z — B ipezenax ot 0 go L (pucynok 1).

B pesynbrate 4Yero moiy4aroT BhIpaKEeHHE
JUIS TAK Ha3bIBAEMOTO KPHUTHYECKOTO JHaMeTpa
JTAHHOM YaCTHIIBI

18,V dr = 7Bw?AS%dz.. (4)

1
5(r,w,co):g WV (¢)1(r), (5)
rrue 0003HaAYEeHO
y= u w3t
2mfLA

I(r)r*—R*+2R? In(Ej—er Inz(Ej, M2
r r

B paccuuTsiBatoT 10 (3).

Benmnunna O¢ = O«(fo) — Ha3bIBaeMblil TJIO-
OaJIbHBIM KPUTHYCCKHM JUAMETPOM — T. €. THAMETP
YaCTHIIBI, TIepeMeniatonieics mo tpackropun AC
(pucyHok 1) (BC — TpaeKTOpHsI 4aCTHUIIBI TEKYILIIM
JaMETPOM ).

[Tycte F(O)- cuérnas ¢pynknus pacmpene-
JICHHS! YaCTHUIl, TaKasi, YTO

n(o<do'
F(0)="00<) (6)
n0
rie N— KOJMYECTBO YACTHI[ pa3MepoM O <6,

Ng — KOJIMYECTBO YACTHUI[ B UCXOJHOM CYCICH3HH,
o' BeramcIsercs 1o (5).

B npuHATOM JONMyLIEHUH O HEBBICOKOM 3Ha-
YCHUHM KOHIICHTPAIMH TBEPOH (as3bl B UCXOTHOU
CYCIICH3WH, COTJIACHO pe3yibTaraMm [2], koaddu-
IUCHT € YHOCA PACCUUTHIBACTCS MO opMmyIe
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EZH—OZRZ—_I’OZJ.R) F(é‘(r))rdr (7)

B cBoro ouepenp, ko3hdHUIKMEHT OCBETIIE-
HUSI — OTHOCUTEJIBHOE YHCIIO YacTUI[ B OCAIKE —
BBIYHCIISIETCS 110 3aBUCUMOCTH

%_Ibz_[:@(é(’”))’”d ,

rie P(0)=1-F(5), D(5) — Tak Ha3pIBacMas
xapakrepuctiudeckas Qyukiws, F(J) onpenensror

77:

cornacHo (7).
ITpuuém, O4EBUAHO, YTO BENMYUHEL € U ¥,
TI0 OTIPEENCHHIO, CBA3aHbl COOTHOIICHHEM € + 77 = 1.
MarepuaJibl U METOABI

OOBEKTOM HCCIET0BaHNS SBIIUIACH (YCIOBHO)
CYCIICH3USI THUIA <OKUIKOCTHAs (pa3a + YacCTHIIBI»
3aTpaBOYHOrO0  MaTepuana € MOJUAUCIIEPCHOM
TBEpAOH (a3oil 3aTpaBKH MIPUMEPHO CHepUIECKON
dopmbl. UTOOBI TyTEM pacuéra BBIICIUTH U3 CYC-
MICH3WU B3BEIICHHBIC B HEH YaCTHIIBI 3aJaHHOIO
LEJIEBOr0 Juarna3oHa TBEpAYyIo ¢asy MmoaBepraiu
nporieype (HpaKiMOHHPOBAHYISL, UCTIONB3YS JUTsI 3TOM
LEeNU TPyOUaTyIo HUeHTpUPyTy.

Pacyers mpoBomwmi (B JOTIONHEHHE K JaH-
HBIM PacueTHOTO IpuMepa K popmyite (2)) Ha 6aze
napamMeTpoB: pPaguyc CBOOOIHOH TOBEPXHOCTH
sxuakoctd o = 0,015 M; npou3BOUTENHLHOCTE 1O
ucxoauo xuakoctn Q = 0,2; 0,4 M°/4; THHAMMYE-
ckoit Bsskoctu W= 0,01; 0,04 Ila-c; HavanbHas
cuéTHasi KOHIICHTpAIIHs TBEPAOH a3kl B CyCHICH3UU
co=0,01=1%.

B kadecTBe MaccoBo# (yHKIMH pacrpeje-
JeHUsT TBEpAOH a3l B UCXOTHOW CyCIEH3UU
BBIOHpAH (JUIs1 TIPOCTOTHI, TI0 COTIIAIIICHHUIO)

F,(6)= O/ 8 TP 0<5 <6, ®)
1 npu 6>0,,,,

e, omax = 10° m.

[Ipenmonaraercs, uro npoOHas AByxQa3Has
KUJAKOCTHAsI CHCTEeMa (THIa caXxapHOTO YTdens)
¢ 00bEeMHOM KOHIIEHTpAIMeEH co TBEPOTO U 33/ITaHHOM
cuétHoit ¢pyukuunei F(8) pactipeneneHus TBepaOi
(a3pl 1O KPYITHOCTH PaBHOMEPHO TIepeMelraHa
B 9TOM cHUCTEME, MPUYEM IUIOTHOCTh P1 TBEPAOU
(ha3bl IPEBHIMIALT INIOTHOCTH P JKUIAKOCTHOM (a3bl.

Tpebyercsi, oOpabaTeiBasi 3Ty CYCHEH3HUIO
B [IEHTPOOEKHON MalIuHe, MOIyYUuTh C €€ TTOMO-
HIBIO YaCTHUIIBI pa3mMepoM O € (A, &%), Tae o, & —
COOTBETCTBEHHO — HAWMEHBIINA W HAHMOOJIBIIHNA
JIMaMeTp 4YacTHI] 3aJaHHOM 11eJIeBOM KPYIHOCTH,
JIPYTHMHA CIOBaMH, TIPOU3BECTH CHCTEMATHU3AIINIO
((ppakOHMPOBAHUE) YACTHUI] B 33JaHHOM pa3Mep-
HOM JMara3oHe.
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Pemenne nocTaBieHHOM 3a7a91 POBOIIITH
Ha 0a3e HAYYHOTO TIOJIOKEHUS O JIBUXKYIIEHCS
0 3aJaHHOW TPACKTOPHH YACTHIBI C KPUTHYE-
CKHM JTHaMETPOM Oy (pUCYHOK 1). A MMEHHO, 3TO
MTOJIOKEHHUE COCTOUT B TOM, UTO B pabouem o0nEMe
MAIIMHBI YaCTHUIIBl Pa3MepPOM, TPEBBIMIAIONINE Oyp,
OCX[TAIOTCS PaHBIIe, YeM YacTHIIBl pa3MepoM He 00-
71ee, 4eM O < .

COOTBETCTBEHHO, TaK Ha3bIBAEMasi TPACKTOPHSL:
BC — yacTuipl TeKyIIMM KPUTHYECKUM JTHAMETPOM,
AC — vactunpl rmobamsHeM (1o .M. Bpemepy)
KPUTHYECKUM JTHaMeTpOoM (pPHCYHOK 1).

Orta (TmoreTndeckas) OCOOEHHOCTh TTOBEE-
HUSL YacTHUIILI KPUTHIECKMM JTUaMETPOM B paboueM
00BéMe IeHTPUGYTH CO3TaeT MPEIIOCHITKH 000C-
HOBAaTh MaTEMAaTHYECKYI0 MOJENlb OpTaHHU3alid
TaKoro pexuMa pabdoThl MAaIlWHBI, YTOOBI OBLIa
obOecriedeHa, B OCHOBHOM, aKKyMYJIALUS YaCTHIL
pasmepoM O € (41, &) B TaHHOM 00BEME.

B Teopun cegumentauuu no I'.U. bpemepy
TIOJT TIOHSITHEM «TJIOOATIGHBIN KPUTUUYECKUI AUAMETP»
MOHUMAIOT HAYYHOE MOJO0XKEHHE O TOM, YTO MpHU
pa3lielieHNy CYCIIeH3|H YacTUIIBl Pa3MeEPOM He MeHee
9eM &, TIOTHOCTBIO YXOMIAT B OCAIOK (OTHOBPEMEHHO
C HEKOTOPBIMH YaCTHIIAMH MEHBIIIUM TUAMETPOM).

B cootBercTBHM C3THM TIpH TIepBOi 0Opa-
0OTKE MCXOTHOW CYCIICH3HH C TapaMeTPOM YIIpPaB-
JICHUS O = O M YIJIOBOM CKOPOCTHIO (01 MOXKET OBIThH
3amnmcad K03 GUIUEHT YHOCa

R
81212%]‘ F0(5(r))rdr, (9)
n, R —15°0

rZie, COOTBETCTBEHHO, N — YHCJIO YacTull B (yrarte,
€1— OTHOCHTEIIbHOE YHWCJIO YacTul] B ¢yrarte,
TO €CTh B pacnoyiokeHHo! Hax jJuHueld AC obmactu
notoka, Fo(3) — cu€rhast QyHKIMs pacnpeaeacHusl
YacCTHUL B UICXOJIHOM CYCIIEH3UHU.

OtmeueHHast 0COOEHHOCTH TPOIlecca OCBET-
JIEHUS JaHHOM JKUIKOCTHOM CMECH MOXKET OBITH
3 exTHBHO WHCMONB30BaHA TpU 00OCHOBAHUH
AHAMTHYECKOTO MPHOIMKEHHOTO Bhipaxkenus F1(0)
(GyHKIMH pacripeielieHus] Ha TIOCIIeyOIeM IT0cTe
HYJIEBOTO J3Tama 0O0pabOTKH MOPOIIKOOOpa3zHOH
cybcranmmu ¢ GyHknmeit pacnpenencaus Fo(0).

A MMEHHO, B KauecTBe (pyHKIMU pacrpejie-
JICHHSI MCTIONB3YETCS 3aBHCUMOCTD

F(8) mpu §<,

A (o Lo

R (9)= m) mpu <5,

U tak nanee, co CBOUM Oy, 1O KXKIOMY H3
3TAIoB pacyéra.

[TpuauMast Bo BHuMaHue (7), HanpuMmep, st
Koa(drmenTa yHoca &2 (5) B IBHOM BHZIE TIOTyYaroT

2
s jR R (8(r,0,Co, p)rdt), (11)
0

rae F1 3amano mo (10), 8(r, , co) — mo (5).
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®dopmyel (1)—(11) monaratroT B OCHOBY YHC-
JIEHHOTO aHaiu3a Tporecca (paKIHOHHPOBAHUS
MOPOIIKOOOPa3HO# CyOCTaHIMK B POTOpE TPyOUaToit
neHTpuyryu, MPUHAMAs B KauecTBE MapaMerpa
yIpaBJieHus] Tporecca (PpakIMOHUPOBAHKS YaCTHIL
Ha TOM MAILIMHE 3aBUCALLIE OT TPaHUYHbBIX 3HAYEHU I
Ory = &1 wiH & MuarasoHa menaeBoit ¢ppakmuu (10)
YTIIOBYIO CKOPOCTH (® POTOpA.

B xadecTBe mapameTpa ynpaBiIeHHs IPOIIec-
com (ITY) BeIOMpanm, mMocaeI0BaTEILHO, pa3MepPhl
npoOHBIX yacTul Oz U 81. DTH 3HAYECHHUS NTapaMeT-
poB mpoiiecca cornacHo (8) u (9) mpuHUMAarOTCS
B KQUeCTBE 3aJaHHBIX TNIOOANBHBIX KPUTHYECKHX
JUaMETPOB, CHa4Yana o, = 0,, TI€ B COOTBETCTBUU

¢ (5) @, =V (c,)71(1y)/S,, asarem &, =4, .

Tl
[Ipu >Tom Ha 6aze dopmyi (1), (2) MokHO
C/IeNaTh 3aKIIOYCHHUE O TOM, COOTBETCTBYIOIIHE
VIJIOBbIE CKOPOCTH POTOpa MAIIWHBI CBSA3aHBI
COOTHOIICHHEM @ = @, 5, /5, .

OOpa3oBaBIIMIiCS  OCAIOK  C YaCTHUIIAMHU
B KOITMYECTBE N1 = Nogy, TIC €1 ONPEACIIeMbId 10
(9) ko3 dunreHT yHOCA, YIAISIOT.

Ha Bropom stare ¢ npoOHO# yacTureit O = 81
NpU YIJIOBOW CKOPOCTH ® = (2 00padaThIBaloOT
¢yrar (mprHUMasi BO BHUMaHHE, YTO OH YK€ OCBO-
O0KIEH OT YaCcTHUIl pasMepoM OoJble, deM Oy)
UMEIOT TIeTIbI0 COXPAHUTD B (hyrare 4acTHUI] pa3me-
pomM, mpeBblmatomeM d. Yto peanusyroT Ha 6aze
koopuumnenta ocemienns 17, =l-g, e &

ompenenstot 1o (11), n2 = N2/ (Nee1), N2 — yucio
OTOIICAININX B OCATOK B (hyraTe 4acTHIl pa3sMEepOM
01 < 8 < O, (BMecTe ¢ HEKOTOPOH J0JICH YacTHII
pa3sMepOM MEHBIIHUM O1).

ITo cBoeMy cMbICTy KO(hGHUIIMEHT OCBET-
JICHHUS T2 OMPECIAeT OTHOCHTEIbHOE (B JOJSIX
K KomuecTBY (No — N1) = No€1) YMCIIO YACTHII, TIPH-
HaJUICXKAIIHX [IETIEBOMY HHTEpBay & € (1, &2).

ITocsie vero ¢yrat BBICYIIHBAOT, & MOJIYYCH-
HYIO TIOpPOLIKOOOPa3Hyl0 CYOCTaHLHMIO HCTIONB3YIOT
KaK 3aTPaBOYHBIN MaTepHall.

YmnciieHHbIH IKCIIEPUMEHT

Pacuersl mpoBoauiK (B IONOJSHEHHUE K JaH-
HBIM pacyeTHOTO TpuMepa K hopmyite (2)) na 6ase
MapaMeTpoB: paauyc CBOOOJHOW TOBEPXHOCTHU
skuakoctd o= 0,015 M; npou3BOAUTENBHOCTH
mo ucxomuoi kuakoctn Q = 0,2; 0,4 M3/a; uHa-
muueckoi Bszkoctu W = 0,05 Tla-c; HauaabHas KOH-
HeHTpaIys TBepaon (assl B cycrniensun co = 1%, 2%.

B xauectBe cu€THOI (DyHKIMY pacripeieTICHUS
TBEpAOW (a3l B UCXOJHOM CyCIIeH3UU BBIOMpaH (8)
(T0 corareHnio, pUCYHOK 1), B Ka4ecTBe 3aaHHBIX
IO0ANBHBIX KPUTHYECKUX JAHAMETPOB YaCTHIIL
3aJIaHHOTO LIEJCBOr0 Juarna3oHa (QpaKIHOHUPO-
Bauus 01 = 2 - 108 m; &, = 3-10 O

Pacuérel BeImOaHsUIMCH Ha 6aze Mathcad
2000 [13].
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Pe3yabTarhbl

Busyanuzanms KpUBBIX Ha PUCYHKax 2—5
MOATBEPKIAET COrIacue ¢ PU3MYECKHM CMBICIIOM
UccIeayeMoi MpoOiIeMbl. Pe3ynbTaTel MpOBEACHHBIX

d, M
2x10 7 T T
6x10 ¢ [~
4x10¢ [~
2x10°¢ —

0 | | KM

0 4x]10 3 8x10 3 0,012
PucyHok 2. 3aBHCMMOCTh BEJMYHHBI KPHUTHYECKOTO
muamerpa O  TpoOHOW  YaCcTHIBI  OT paguaIbHOU
KOOpAMHATHI I TpHU MapaMEeTPHUYCCKON 3aBHCHMOCTHU

auaMerpa O OT YyIJIOBOM CKOPOCTH ® U O0BEMHOU
KOHLIEHTpauu co TBEpAoro (1= 0,05 Ia X ¢; @ = 1380 c™*:
1-¢=0,01; 2- ¢o=0,02; ®=2060 ¢t 3— ¢o=0,01;
4—¢9=0,02)

Figure 2. Dependence of the critical diameter 6 of a test

particle on the radial coordinate r with a parametric
dependence of the diameter & on the angular velocity ®
and the volume concentration ¢ of solids (u = 0,05 Ila x c;
©=1380 ¢t 1-¢p=0,01; 2— o= 0,02; = 2060 ¢*:
3-¢=0,01;4-¢=0,02)

F
1 T T
1
0,8[ 7
0.6 ]
04+ 5 ]
0’2 [ i essssssssssssssnsssssnsnsmnee- ]
3
0 | | 9, M
0 4x10° 8x10 ¢

Pucynok 4. Koa¢¢uuneHTs! yHOCa €1 M €2 B 3aBUCUMOCTH

OT pagmyca g CBOOOTHOW ITOBEPXHOCTH CYCIICH3WH W
napaMeTpUdecKoil 3aBUCUMOCTH OT YTJIOBOH CKOPOCTH
1 00BEMHON KOHIIEHTpanuu co TBEpmoro (1= 0,05 Ila X c;
®=1380 ¢t 1-¢=0,01; 2— co=0,02; ® = 2060 c*:
3-¢=0,01;4-¢=0,02)

Figure 4. Entrainment coefficients ¢; and €, depending on
the radius ro of the free surface of the suspension and the
parametric dependence on the angular velocity « and
volume concentration ¢ (u = 0,05 I1a x ¢; @ = 1380 ¢
1-¢0=0,01;2-¢c=0,02; =2060 ct: 3—co=0,01;
4 —co=0,02)
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QHATUTHYECKUX M YHUCIIOBBIX PACYeTOB IIpollecca
(paKIIMOHMPOBAHYIS YACTHIT IO 3TaIlaM IMPOBEIACHHOTO
WCCIICIOBAHNS M OHU UMEIOT YOBIBAOIITHIA XapaKTep.

0,2 T

0.05 | | ro, M

1x10 3 3x1073

5x10 3

PucyHok 3. @yHKIMK CYETHOTO pacrpelielieHNs] YacTHll,
cooTBeTcTBeHHO, 1— Fo(8) B HCXOmHON CycrneH3uy;
2 — F1(d) u 3— F»(8) — mo mepBOoMy © BTOPOMY 3Taram

pacuéra 1o nepBoMy M BTOPOMY 3Taram pacuéra

Figure 3. Countable distribution functions of particles,
respectively, 1 — Fq(3) in the initial suspension; 2 — F1(3) and
3 —F»(3) — for the first and second stages of calculation

%
SF=-__ T T
4,5 el 2
4_ —
350 m
1
3 | ! Fo, M
1x10 2 3x10 3 5x10°3

Pucynok 5. OTHOCHTENBHOE IO HCXOJHOMY COCTaBY
nopormka cuétaoe (%) coaepkanue { 4acTHIl LIEIEBOTO
PasMEpPHOro JuariasoHa mnpu HapaMG’IpH‘IeCKOfI 3aBUCUMOCTHU
0T 00bEMHOM KOHIIEHTpanuu ¢o TBEpHoro (1 — ¢o = 0,01;
2-¢y=0,02)

Figure 5. Relative to the initial composition of the powder,
countable (%) content ¢ of particles of the target size with
a parameter depending on the volumetric mass ¢o of the
solid (1 — ¢o=0.01; 2 — ¢o = 0.02)
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O0cy:xneHue

B pamMkax mocTaHOBKH 3aJaud, U C Y4eTOM
naHHbIX (pucyHku 2, 3, 4), aHanu3 OTpPaKEHHBIX
KPHUBBIMH 3THUX PHCYHKOB, IIPU NPOUYUX (GUKCHPO-
BaHHBIX PacUETHBIX MapaMeTpax Ipolecca MoKa-
3BIBAET, YTO C YBEJIMYCHHWEM YacCTOTHI BPALICHUS
POTOpa MaIIMHbI COJep)KaHUE YACTHII, BCIIEICTBHE
OCKIEHMS MX HA CTEHKE POTOpa, BCEIa CHIDKAETCS
(T. €., 2(h(peKTUBHOCTH PabOTHI MAIIIMHBI BO3PACTAET).

B cBoto ouepensp, 3¢ deKTHBHOCTE mpolecca
00pabOTKHM 3aTPaBOYHOTO MaTepHaja, eCTCCTBEH-
HBIM 00pa3oM, CHWKAeTCs KaK C yBEIHUYCHHEM
00BEMHOTO conepikaHus ¢ TBEPAOH Qasbl, Tak U
C POCTOM MPOU3BOJUTENHHOCTY MAIIMHBL: HAIIPHMED,
Ha pUCYHKe 2 KpuBas 2 BbIIe KpuBoi 1.

Crnenyer WMeTh B BHIY, 4YTO HpPEAMETOM
WCCIIeIOBAHUS SBJISIETCS] KOMTMYECTBEHHBIN aHaIN3
npouecca (ppaKUIMOHUPOBAHUS HCXOIHOTO 3aTpa-
BOYHOTO Marepuayia 3aJIaHHOTO 00BhEMa 1Mo JBYM
MOCIIeI0BAaTENbHBIM, HE3aBUCHMO JpPYT OT ApYyra,

post@uestnik-vsuet.ru

sTaram oopaboTKH ¢ Ko3hUIMeHTaMH YHOCA €1 U &2
Mo KaxxaoMy u3 Hux. [ToaToMy pacdér sddexTus-
HOCTH TIpoliecca TPOBOAWIM Ha 0a3ze BETUYHHBI
cHHTETHYeCKOTO KodhduimenTa yHoca ( = 1(1 — &),
pe3ysabTaThl pacuéTa KOTOPOTO MpPEACTABICHBI
KPUBBIMH Ha PUCYHKE 5.

3aKiIoueHne

B pamkax moOd0XKEHUH THAPOIUHAMHKU
TOHKOCJIOHOTO OBICTPOBPAIIIAOIIEr0Cs TIOTOKA KU~
KOCTH C B3BEILICHHOM B HEM MOPOIIKOM 33laHHOIO
rpaHyJIOMETPUYECKOI0 COCTABA U3 TOHKOANCIIEPC-
HBIX YacTHI[ B pOTOpe TpyOuaTod ueHTpudyru
BIIEPBBIE NPEI0KEHA METOANKA PACUETa UL JAHHOU
MaIlMHBI MPOLEypa BBIAEIEHUS U3 TIOPOIIKa COBO-
KyITHOCTH YaCTHII [IeJIEBOTO Pa3MEPHOTO TUANa3oHa.
Yro mMoxeT ObITh 3 (HEKTUBHO MCTIONB30BAHO IS
pacuéra mpouecca (HpakUHOHUPOBAHUS MOPOIIKA
IpU IPOEKTUPOBAaHUN MHHOBALMOHHBIX 00pa3IoB
HeHTpU(YTaTbHOTO 00OPYIOBaHUS C IIENIBI0 pea-
JIM3alMy Ha HEM 3TOro mporecca.

Jlutepartypa

1 Hukymuna O.K., KonockoBa O.B., flkoBneBa M.P., Isimap O.B. Ilpumenenue snekrpomuanusa Ui OYUCTKU
T Py3UOHHOTO COKa B CaXapHOM Mpou3BoICTBe // [TuiieBas MpOMBIIUICHHOCTh: Hayka u TexHonoruu. 2021. T. 14. Ne. 3. C. 51-61.

2 CemenoB E.B., Cnaesackuit A.A., Kapamsun B.A. KommuecTBeHHOE MozenupoBaHue mporiecca pasIeleHus
cycmeHsuii B porope (QuubTpyromiei 1eHTpudyru mnepuojpdueckoro jeiictsus //  Xumudeckoe u - HedTerazoBoe

MamuHocTpoenue. 2014, Ne 11. C. 7-10.

3 TypseBa K.b., Tapacosa E.A. OnieHka 00b€KTHBHOCTH METOIa ONPEACIICHHUS IPaHyJIOMETPUYECKOTO COCTaBa caxapa-
necka // VIHHOBallMOHHbBIE TEXHOJOTMU MPOM3BOACTBA M XPAHEHUS! MAaTEPUABHBIX LIEHHOCTEH JJISl rOCyNapCTBEHHBIX HYX/I.

2014. Ne. 2. C. 80-86.

4 Kpyrmuk C.B. O6 onTuMi3aiii TeXHOJIOTMH Ha OT/ICNBHBIX CTaIMsIX Mpon3BozicTBa caxapa / Caxap. 2020. Ne 4. C. 27-35.

5 Xabubymmua M.A. TloBbimenue 3((GEKTUBHOCTH pa3leleHHUs JKUIKAX CHUCTEM Ha OCHOBE YIYUIICHUS
JHEPreTUYCCKUX XapPaKTEPHCTUK B POTOpax (GHMIBTPYIOLMX LEHTpUGYr pa3nnyuHbix KoHCTpyKiwmii // W3Bectust Tomckoro
MOJUTEXHUYECKOro yHuBepcuteTa. Mmxunupunr reopecypceos. 2022. T. 333. Ne. 7. C. 149-156.

6 Salunkhe V.G., Desavale R., Khot S.M., Yelve N. et al. Identification of bearing clearance in sugar centrifuge using
dimension theory and support vector machine on vibration measurement // Journal of nondestructive evaluation, diagnostics

and prognostics of engineering systems. 2024. P. 1-26.

7 Romahadi D., Luthfie A.A., Suprihatiningsih W., Xiong H. Designing expert system for centrifugal using vibration
signal and Bayesian Networks // Int. J. Adv. Sci. Eng. Inf. Technol. 2022. V. 12. Ne. 1. P. 23.

8 Babaoglu N.U., Parvaz F., Hosseini S.H., Elsayed K. et al. Influence of the inlet cross-sectional shape on the
performance of a multi-inlet gas cyclone // Powder Technology. 2021. V. 384. P. 82-99. doi:10.1016/j.powtec.2021.02.008

0 Olatunde A., Obidola M.S., Tijjani H. Centrifugation techniques // Analytical Techniques in Biosciences. Academic
Press, 2022. P. 43-58. doi: 10.1016/B978-0-12-822654-4.00008—7

10 Babu A.S., Adeyeye S.A.O. Extraction of sugar from sugar beets and cane sugar // Extraction Processes in the Food
Industry. Woodhead Publishing, 2024. P. 177-196. doi:10.1016/B978-0-12-819516-1.00007—7

11 Gandhi K., Sharma N., Brath Gautam P., Sharma R. et al. Centrifugation // Advanced Analytical Techniques in Dairy

Chemistry. New York, NY: Springer US, 2022. P. 85-102.

12 Osman A., Rajab F. Exploring the dynamic growth of sugar crystals: A volume diffusion non-steady state model
under variable conditions // AIP Advances. 2023. V. 13. Ne. 6. d0i:10.1063/5.0153275

13 Qodirova G.H., Ismoilova M.N. Chizigli algebraik tenglamalar tizimini mathcad dasturi yordamida yechish //
Educational Research in Universal Sciences. 2024. V. 3. Ne. 2. P. 650-654.

14de Castro B.J.C., Marciniuk M., Giulietti M., Bernardo A. Sucrose crystallization: modeling and evaluation of
production responses to typical process fluctuations // Brazilian Journal of Chemical Engineering. 2019. V. 36. Ne. 3. P. 1237-1253.

doi: 10.1590/0104-6632.20190363520180240

15 Singh K., Gupta S.P., Kumar A., Kumar A. The effect of high intensity ultrasound (HIU) on the kinetics of crystallization of
sucrose; Elimination of latent period // Ultrasonics sonochemistry. 2019. V. 52. P. 19-24. doi: 10.1016/j.ultsonch.2018.05.030

16 Berzins K., Suryanarayanan R. Compression-induced crystallization in sucrose-polyvinylpyrrolidone amorphous
solid dispersions // Crystal Growth & Design. 2018. V. 18. Ne 2. P. 839-848. doi: 10.1021/acs.cgd.7b01305

17 Hubbes S.S., Braun A., Foerst P. Sugar particles and their role in crystallization kinetics and structural properties in fats
used for nougat creme production // Journal of Food Engineering. 2020. V. 287. P. 110130. doi: 10.1016/j.jfoodeng.2020.110130

18 Khaddour 1., Bento L., Ferreira A., Rocha F. Kinetics and thermodynamics of sucrose crystallization from pure
solution at different initial supersaturations // Surface Science. 2010. P. 1208-1214. doi: 10.1016/j.susc.2010.04.005



Tpubkosa BA. u op. Becmuux BTYHIIL, 2024, IIL. 86, Ne. 2, C. 25-32 post@vestniR-vsuet.ru

19 Zaiets N., Vlasenko L., Lutska N. Neural Network Model for Predicting Technological Losses of a Sugar Factory //
Conference on Automation. Cham: Springer Nature Switzerland, 2023. P. 93-104.

20 Cheng M.H., H. Huang, B.S Dien, V. Singh. The costs of sugar production from different feedstocks and processing
technologies // Biofuels, Bioproducts and Biorefining. 2019. T. 13. Ne. 3. P. 723-739. doi:10.1002/bbb.1976

References

1 Nikulina O.K., Koloskova O.V., Yakovleva M.R., Dymar O.V. Application of electrodialysis for purification of
diffusion juice in sugar production. Food industry: science and technology. 2021. vol. 14. no. 3. pp. 51-61. (in Russian).

2 Semenov E.V., Slavyansky A.A., Karamzin V.A. Quantitative modeling of the process of separation of suspensions
in the rotor of a batch filter centrifuge. Chemical and oil and gas engineering. 2014. no. 11. pp. 7-10. (in Russian).

3 Guryeva K.B., Tarasova E.A. Assessing the objectivity of the method for determining the granulometric composition
of granulated sugar. Innovative technologies for the production and storage of material assets for state needs. 2014.n. 2. pp. 80-86.
(in Russian).

4 Kruglik S.V. On optimization of technology at individual stages of sugar production. Sugar. 2020. no. 4. pp. 27-35.
(in Russian).

5 Khabibullin M.Ya. Increasing the efficiency of separation of liquid systems based on improving the energy
characteristics in the rotors of filtering centrifuges of various designs. News of the Tomsk Polytechnic University. Georesources
Engineering. 2022. vol. 333. no. 7. pp. 149-156. (in Russian).

6 Salunkhe V.G., Desavale R., Khot S.M., Yelve N. et al. Identification of bearing clearance in sugar centrifuge using
dimension theory and support vector machine on vibration measurement. Journal of nondestructive evaluation, diagnostics and
prognostics of engineering systems. 2024. pp. 1-26.

7 Romahadi D., Luthfie A.A., Suprihatiningsih W., Xiong H. Designing expert system for centrifugal using vibration
signal and Bayesian Networks. Int. J. Adv. Sci. Eng. Inf. Technol. 2022. vol. 12. no. 1. pp. 23.

8 Babaoglu N.U., Parvaz F., Hosseini S.H., Elsayed K. et al. Influence of the inlet cross-sectional shape on the
performance of a multi-inlet gas cyclone. Powder Technology. 2021. vol. 384. pp. 82-99. doi:10.1016/j.powtec.2021.02.008

9 Olatunde A., Obidola M.S., Tijjani H. Centrifugation techniques. Analytical Techniques in Biosciences. Academic
Press, 2022. pp. 43-58. doi: 10.1016/B978-0-12-822654-4.00008-7

10 Babu A.S., Adeyeye S.A.O. Extraction of sugar from sugar beets and cane sugar. Extraction Processes in the Food
Industry. Woodhead Publishing, 2024. pp. 177-196. doi:10.1016/B978-0-12-819516-1.00007—7

11 Gandhi K., Sharma N., Brath Gautam P., Sharma R. et al. Centrifugation. Advanced Analytical Techniques in Dairy
Chemistry. New York, NY, Springer US, 2022. p. 85-102.

12 Osman A., Rajab F. Exploring the dynamic growth of sugar crystals: A volume diffusion non-steady state model
under variable conditions. AIP Advances. 2023. vol. 13. no. 6. doi:10.1063/5.0153275 (in Russian).

13 Kadirova G.H., Ismailova M.N. Solving the system of linear algebraic equations using the mathcad program //
Educational Research in Universal Sciences. 2024. V. 3. No. 2. P. 650-654. (in Uzbek).

14 de Castro B.J.C., Marciniuk M., Giulietti M., Bernardo A. Sucrose crystallization: modeling and evaluation of
production responses to typical process fluctuations. Brazilian Journal of Chemical Engineering. 2019. vol. 36. no. 3. pp. 1237-1253.
doi: 10.1590/0104-6632.20190363520180240

15 Singh K., Gupta S.P., Kumar A., Kumar A. The effect of high intensity ultrasound (HIU) on the kinetics of crystallization of
sucrose: Elimination of latent period. Ultrasonics sonochemistry. 2019. vol. 52. pp. 19-24. doi: 10.1016/j.ultsonch.2018.05.030

16 Berzins K., Suryanarayanan R. Compression-induced crystallization in sucrose-polyvinylpyrrolidone amorphous
solid dispersions. Crystal Growth & Design. 2018. vol. 18. no. 2. pp. 839-848. doi: 10.1021/acs.cgd.7b01305

17 Hubbes S.S., Braun A., Foerst P. Sugar particles and their role in crystallization kinetics and structural properties in fats used
for nougat creme production. Journal of Food Engineering. 2020. vol. 287. pp. 110130. doi: 10.1016/j.jfoodeng.2020.110130

18 Khaddour 1., Bento L., Ferreira A., Rocha F. Kinetics and thermodynamics of sucrose crystallization from pure
solution at different initial supersaturations. Surface Science. 2010. pp. 1208-1214. doi: 10.1016/j.susc.2010.04.005

19 Zaiets N., Vlasenko L., Lutska N. Neural Network Model for Predicting Technological Losses of a Sugar Factory.
Conference on Automation. Cham: Springer Nature Switzerland, 2023. pp. 93-104.

20 Cheng M.H., H. Huang, B.S Dien, V. Singh. The costs of sugar production from different feedstocks and processing
technologies. Biofuels, Bioproducts and Biorefining. 2019. vol. 13. no. 3. pp. 723-739. doi:10.1002/bbb.197

Caenennus 00 aBTopax Information about authors

Bepa A. I'pu0koBa k.T.H., JoueHT, kadenpa umHHOBannoHHBIX Vera A. Gribkova Cand. Sci. (Engin.), associate professor,
TEXHOJIOTHI MPOIYKTOB M3 PaCTUTENBHOTO ChIpbsi, MockoBckuii  innovative technologies of products from plant raw materials
TOCYIapCTBEHHBIA YHHBEPCHTET TEXHONOrWA U ympasienus department, Razumovsky Moscow State University of Technology
um. K.I'. PazymoBckoro, yir. 3emssiaoit Bai, 73, . Mocksa, 109004,  and Management, Zemlyanoy Val Str., 73, Moscow, 109004, Russia,
Poccus, vera_gribkova@list.ru vera_gribkova@list.ru

https://orcid.org/0000-0002-5079-8132 https://orcid.org/0000-0002-5079-8132
Esrenuii B. CemeHOB 1.T.H., [MTaBHBIN Hay4HBIH COTPYIHUK, TIPO-
OneMHas Hay4yHO-HccienoBaTenbckas saboparopus  (ITHWIT)
«KoHcTpynpoBaHue 1 BHEIPEHHE MPOLYKTOB U PALMOHOB IEPCO-
HU(HUIIPOBAHHOTO IHUTAHUD», MOCKOBCKHH TOCYIapCTBEHHBIN
YHHUBEpPCUTET TexHonoruil u ynpasienus um. K.I'. PasymoBckoro,
ya. BemspsHoit Bait, 73, r. Mocksa, 109004, Poccwst, Sem-post@mail.ru

https://orcid.org/0000-0001-6203-1783

Evgeny V. Semenov Dr. Sci. (Engin.), chief researcher, problem
research laboratory (PNRL) “Design and implementation of person-
alized nutrition products and diets”, Razumovsky Moscow State
University of Technology and Management, Zemlyanoy Val Str., 73,
Moscow, 109004, Russia, sem-post@mail.ru
https://orcid.org/0000-0001-6203-1783

31



Gribkova V. A. et al. Proceedings of VSUET, 2024, vol. 86, no. 2, pp. 25-32

AHnatosmii A. CnapsiHCKMi A.T.H., 3aBedymouuil kadeapoii,
kadenpa MHHOBAIMOHHBIX TEXHOJIOTHH HPOIYKTOB U3 PAaCTHUTENb-
HOTO CBIPbsi, MOCKOBCKHH T'OCYJapCTBEHHBIH YHUBEPCUTET TEX-
Hoznoruil u ynpasienus um. K.I'. PazymoBckoro, yi. 3eMisHOM
Bau, 73, r. Mocksa, 109004, Poccus, anatoliy4455@ya.ru
https://orcid.org/0000-0002-0262-8841
Japbs II. MuTpommHa acCUCTEHT, Kadeapa HHHOBAIIMOHHBIX
TEXHOJIOTMH NPOAYKTOB U3 PACTUTENBHOTO ChIpbs, MOCKOBCKUI
rOCYJIapCTBEHHBIH YHHBEPCUTET TEXHOJOTHUH M YyIpaBICHUS
um. K.I'. PazymoBckoro, yi. 3emisnoit Bai, 73, r. Mocksa, 109004,
Poccust, d_mitrd6@mail.ru
https://orcid.org/0000-0002-8724-3368
Cepreii T. AHTHIOB 1.T.H., Tpodeccop, Kadenpa MaIIvH U am-
[apaToB IHUINEBBIX MPOU3BOACTB, BOPOHEXKCKHII rocymapCTBEH-
HBI YHUBEPCUTET HHKEHEPHBIX TEXHOJIOTUH, Ip-T PeBomtomuy, 19,
r. Boponex, 394036, Poccus, ast@vsuet.ru
https://orcid.org/0000-0003-4299-1538

Bkaan aBTopoB

Bce ABTOPEI B paBHOﬁ CTCIICHU IPUHHUMAJIN Y4aCTUEC B
HalmMCaHWU PYKOIUCHU U HECYT OTBETCTBECHHOCTH 3a Ilaruar.

KondmmukT unrepecon

ABTODEI 3asBIIAIOT 00 OTCYTCTBUH KOH(MIINKTa HHTEPECOB.

post@uestnik-vsuet.ru

Anatoly A. Slavyansky Dr. Sci. (Engin.), head of department,
innovative technologies of products from plant raw materials
department, Razumovsky Moscow State University of Technology
and Management, Zemlyanoy Val Str., 73, Moscow, 109004,
Russia, anatoliy4455@ya.ru
https://orcid.org/0000-0002-0262-8841

Daria P. Mitroshina assistant, innovative technologies of
products from plant raw materials department, Razumovsky
Moscow State University of Technology and Management, Zemlyanoy
Val Str., 73, Moscow, 109004, Russia, d_mitr96@mail.ru
https://orcid.org/0000-0002-8724-3368

Sergey T. Antipov Dr. Sci. (Engin.), professor, machines and
apparatuses for food production department, Voronezh State
University of Engineering Technologies, Revolution Ave., 19,
Voronezh, 394036, Russia, ast@vsuet.ru
https://orcid.org/0000-0003-4299-1538

Contribution

All authors contributed equally to the writing of the manuscript
and are responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.

Hocrynuaa 11/04/2024

Iocae pexaxuuu 29/04/2024

IpunsrTa B neyars 14/05/2024

Received 11/04/2024

Accepted in revised 29/04/2024

Accepted 14/05/2024

32



