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Pesome

BBegeHwue. B6poKaBuTaLOHHbIE FOMOreHV3aTOPbl HAXOAAT BCe Hosbluee MPUMeHeHVe B PasfiviyHbIX OTPAC/AX MPOMbILLIEHHOCTH, B TOM YncCie 1
B dapmaLieBTNYECKOW — ANA NPUFOTOBAEHWSA KPEMOB, reneli AnsA NprAaHNa UM OBHOPOAHOIO COCTaBa, a B Noc/iejHee BpeMs 1 ANA SKCTParnpoBaHua
LieHHbIX BELWECTB 13 MaTepranoB pacTUTENIbHOrO NPONCXOXKAEHNA. Kak 6bln0 NoKasaHO HaMM paHee, CpaBHEHME SKCTPArnpoBaHUA AUOCLMHA 13
CeMsAH Na)KUTHNKa CEHHOTO, MPOBEAEHHOrO B annapaTtax PasfivyHbIX KOHCTPYKLMIA, NPU OAMHAKOBbIX YCIIOBUAX OPraHM3aLmum npouecca nokasano,
4TO Hambonee 3$pPeKTUBHBIM CNOCOBOM OKaszanca cnocob 3KCTparmpoBaHnA B BUOPOKaBMUTaLMOHHOM none. O4eBMAHO, 3TO CBA3AHO C TeM, UTO
KaBUTaLMA CHXKaET AndPy3roHHOE CONPOTHBIEHME NPOLIECca U TakM 06pa3oM MOBbILWAET MHTEHCMBHOCTb NPOLiecca NepeHoca Macchl BellecTsa
13 TBepaon ¢asbl B pacTBop. OgHAKO NPOLECC SKCTParnpoBaHuUs B annapartax Takoro Tvna sBAsAeTCA COXHbIM U CONPOBOXAAETCA U3MeSIbYEHUEM
CEeMSIH, UTO NPUBOAUT K N3MEHEHNI0 INCNepCHOro COCTaBa TBephon ¢pasbl. B 6onee paHHMX paboTax Ha NpYMepe U3BNeYeHns AMOCLMHA U3 CeMSH
Na)XUTHVKa CEHHOrO MOKa3aHo, YTO MOBbILIEHVE YacTOThl BpalleHns poTopa yBennursaeT Bbixod BAB. OfnHako TOHKOe u3MesnbYeHmne Cbipbsi YacTo
NpVBOAMT K 06pa30BaHMI0 CNOA 0CafiKa, 3arPA3HSAIOLLEro PacTBOP 6annacTHbIMM BELLECTBAMM 1 3aTPYAHAIOLLEr0 €ro OUMCTKY, @ TaKXKe CHUXKaeT BbIXOA,
BAB, noaTomy M3yuyeHue 3TOro npouecca ABAAETCA HEOOXOAMMbIM A PEerynMpoBaHUA ANCNEPCHOrO COCTaBa, YToObl obecneunTb HambonbLy
3 EKTUBHOCTb IKCTPArnpoBaHMA B annapaTtax Takoro Tvna.

Llenb. MpoBecT TeopeTnYeCKnii N SKCNePUMEHTaNbHbIN aHan3 NpoLecca M3MenbYeHNA YacTUL, CeMAH NaXUTHUKA CEHHOTO B BUGPOKaBNTaLMOHHOM
romMoreHmn3aTope, CONPOBOXAAIOLWMMCA IKCTparnposaHmem BAB, a TakxKe NONyUMTb 3aBUCUMOCTU, MO3BONAIOLLME OLEHNTb BKNAJ U3MesibYeHna npu
bopMmpoBaHMM AUCNEPCHOro COCTaBa LWPOoTa B JaHHOM anmnapare 1 onpefennTb CPefHUIA pasmep YacTul B pesynbTate ApobneHus.

MaTtepuanbl u metoabl. [lepBbiM 3TanoM UCCNeAOBaHWA CTan TeOpeTUYECKUI aHanu3 npouecca U3MesbyeHuA, Tak Kak OH ABnAeTcA
YaCcTHbIM CJlyyaeM GONbLIOro Kflacca NMPOLeCccoB, B KOTOPbLIX ANCNEPCHbIN cocTaB TBepaol ¢asbl HenocTosHeH. Mo3ToMy B AaHHON paboTe anA
MaTemMaTMYeCcKoro OnucaHuWsa M3MeSIbYeHUs YacTuL, UCMOb30BaHa MOAesNb, YUUTbIBAOWAsA KUHeTUYeckue ocobeHHOCT! paccMaTpUBaeMoro
npouecca. SKCNepMMeHTaNIbHOE N3yUYeHUe N3BJIeYEHNA LIEHHbIX KOMMOHEHTOB U3 PaCTUTENbHOMO CbiPbsi MPOBOAMIOCh Ha 1abOPaTOPHOI YCTaHOBKe
C BU6POKaBUTALMOHHBIM FOMOTFeH3aTOPOM NMepPUOANYECKOro AeincTBus. B KauecTBe cbipbA ObIAM UCNONb30BaHbl CEMEeHa MaXkKUTHMKA CEHHOTO,
npuobpeteHHbIx B pripme OO0 «CromHr» r. MockBa (Poccus). ToBapoBeaUeCcKmnin aHanms nokasas CoOOTBETCTBIE CbipbsA TpeboBaHusam I XIV nsgaxus.
McxonHblii BOAHbIN pacTBOP 3TaHONa (06beMHOI KOoHLeHTpauuen 60 %) c cemeHamuy NaXXMTHUKA CEHHOrO 3arpy»ancs B CTakaH 6, B o6beme 0,2 nnTpa,
3aTeM poTOp annapaTta NPVBOAWUCA BO BpalleHWe 1 BbIBOAWIICA Ha 3aflaHHYI0 YacToTy BpaLieHusA. OnbiTbl NPOBOANANCL BUOPOKABUTALMOHHDBIN
roMoreHmn3aTope, KOTopblil NpeacTaBnaeT nabopaTopHbIli obpasel annaparta, nsrotosneHHoro B CM6ITU(TY), cocToAawmiA N3 ctatopa 1 poTopa,
BpaLlatoLlerocsa npu yactote spalyeHma — 1000, 3000 1 5000 06/MuH (16,7; 50 1 83,3) 1/c. MNpun KaKAOM 3HAYEHMM YaCTOTbl BpaLLeHUa potopa
BpemsA npovecca Bapbnposanoch B AnanasoHe ot 0 4o 50 MUHYT, npuyem npouecc senun B TedeHune 60, 120, 180, 240 n 300 cekyHA. ViccneposaHuna
npoBeAeHHbIe B TeUeHMe 5 MVUHYT 1 6onee nokasanu, YTo AUCMEPCHbIV COCTAB WPOTa NPaKTUYECKU He U3MEHAETCA BO BPEMEHMU, HO CYLLECTBEHHO
3aBMCUT OT YacTOTbl BpalleHus potopa. Takum o6pa3om, nocse 5 MUHYT HacTynaeT HeKasa CTabunmsauna AUCNepCcHOro CoCTaBa U JanbHenuee
npebbiBaHNe MaTepuana B annaparte He MPMBOAUT K 3aMETHOMY M3MEHEHUI0 AMCNepCHOro coctaBa. lMocne KaXkaoro onbiTa WPOT oTbupany,
BbICYLUMBANN U NPOBOAWAN CUTOBOW aHann3 ANCNepCcHOro cocTaBa.

Pe3ynbTraTbl 1 o6¢cyxaeHme. 1o pesynbTatam, NonyyYeHHbIM NpU 06paboTKe SKCNepUMEHTaNIbHbIX AaHHbIX MO YPaBHEHWIO, 6binn paccunTaHbl
3HauYeHnA cpefHel BePOATHOCTY M3MeSIbYeHNA YacThL 1, Kak OKa3anocb, OHa NPakTUYeCK/ He 3aBUCUT OT BPEMEHN, a 3aBUCUT TOSIbKO OT YacTOTbl
BpalleHun poTopa. bbina nonyyeHa 3aBUCMMOCTb M3MEHEHWA CpefHen BEepPOATHOCTI M3MeNIbYeHNA YacTUL, NPU Pa3fIMYHO YacToTe BpalleHuA
poTopa. AHanm3 3TUX pe3ynbTaToOB MOKas3a, YTo BeNIMYMHa CpefiHell BePOATHOCTM M3MeSIbYeHMA YacTUl, B KaBUTaLMOHHOM romMoreHun3aTope
yBeIMYMBAETCA C NOBbILEHMEM YaCTOTbl BPALLEHUA POTOPA, YTO BMOJIHE OXKMAAEMO, TaK Kak BO3pacTaeT YacToTa KOHTAaKTOB YacTuL ¢ pabounmmn
opraHamu annapata. Kpome Toro, nosyyeHHasa 3aBUCMMOCTb ANA CpefjHell BEPOATHOCTY M3MeSIbYEHUA YacTUL, UMeeT JIMHENHbIA XapaKTep.
[laHHOe BblpaXkeHne JOCTaTOYHO TOYHO OMMCHIBAET 3HAUEHUA U3MEHEHWSA BO BPEMEHU OTHOCUTENIbHOM MAcchl YacTul B paboyem ananasoHe
n=16,7 - 83,3 1/c. C yueTOM 3TUX 3HAaYEHWI SKCNIepUMEHTasIbHbIE U pacyeTHble pe3ynbTaTbl MMEIOT XOpoLlee COBMNaAeHue.

3aknwoueHue. [pegnoxeHHbI NOAXOA U MOMyYeHHble pe3ynbTaTbl MOFYT ObiTb MCMONb30BaHbl AN OLEHKM AUCMEPCHOro COCTaBa yacTul,
nonyyYaemMblx U B APYrx KOHCTPYKLMAX annapaToB Nogo6HOro aencraus.
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Abstract

Introduction. Vibration cavitation homogenizers are increasingly used in various industries, including the pharmaceutical industry - for the
preparation of creams, gels to give them a homogeneous composition, and more recently for the extraction of valuable substances from plant
materials. As we have shown earlier, a comparison of the extraction of dioscin from fenugreek seeds, carried out in devices of various designs,
under the same conditions for organizing the process showed that the most effective method was the extraction method in a vibro-cavitation field.
Obviously, this is due to the fact that cavitation reduces the diffusion resistance of the process and, thus, increases the intensity of the process of
transferring the mass of a substance from the solid phase to the solution. However, the extraction process in apparatus of this type is complex and
is accompanied by crushing of seeds, which leads to a change in the dispersed composition of the solid phase.

Aim. Conduct a theoretical and experimental analysis of the process of grinding hay fenugreek seeds particles in a vibrocavitation homogenizer,
accompanied by the extraction of biologically active substances, as well as obtaining dependences that allow evaluating the contribution of grinding
to the formation of the dispersed composition of the meal in this apparatus and determining the average particle size as a result of crushing. In earlier
works, using the example of the extraction of dioscin from fenugreek seeds, it was shown that an increase in the rotor speed increases the yield of
biologically active substances. However, fine grinding of raw materials often leads to the formation of a sediment layer that pollutes the solution with
ballast substances and complicates its purification, and also reduces the yield of biologically active substances, therefore, the study of this process
is necessary to control the dispersed composition in order to ensure the highest extraction efficiency in devices of this type.

Materials and methods. The first stage of the study was the theoretical analysis of the grinding process, since it is a special case of a large class of
processes in which the dispersed composition of the solid phase is not constant. Therefore, in this work, for the mathematical description of particle
grinding, a model is used that takes into account the kinetic features of the process under consideration. An experimental study of the extraction
of valuable components from plant raw materials was carried out in a laboratory setup with a vibro-cavitation homogenizer of periodic action. As
a raw material, we used fenugreek seeds purchased from LLC «Stoing», Moscow (Russia), which we used for research. Commodity analysis showed
the compliance of raw materials with the requirements of the GF XIV edition. The initial, aqueous solution of ethanol (volume concentration 60 %)
with fenugreek seeds was loaded into glass 6, in a volume of 0.2 liters, then the rotor of the apparatus was brought into rotation and brought to a
given rotation frequency. The experiments were carried out at a rotation frequency of 1000, 3000 and 5000 rpm (16.7; 50 and 83.3) 1/s. At each value
of the rotor speed, the process time varied in the range from 0 to 50 minutes, and the process was carried out for 60, 120, 180, 240 and 300 seconds.
Studies carried out for 5 minutes or more showed that the dispersed composition of the meal practically does not change over time, but significantly
depends on the rotor speed. Thus, after 5 minutes, a certain stabilization of the dispersed composition occurs and further residence of the material
in the apparatus does not lead to a noticeable change in the dispersed composition. After each experiment, the meal was taken, dried, and sieve
analysis of the dispersed composition was carried out.

Results and discussion. Based on the results obtained by processing the experimental data according to the equation, the values of the average
probability of particle crushing were calculated and, as it turned out, it practically does not depend on time, but depends only on the rotor speed. The
dependence of the change in the average probability of particle grinding at different rotor speed was obtained. The analysis of these results showed
that the value of the average probability of particle grinding in the cavitation homogenizer increases with an increase in the rotor speed, which is quite
expected, since the frequency of contacts of particles with the working organs of the apparatus increases. In addition, the obtained dependence for
the average probability of particle crushing is linear. This Expression quite accurately describes the values of the change in time of the relative mass
of particles in the working range n = 16.7 - 83.3 1/s. Taking these values into account, the experimental and calculated results are in good agreement.
Conclusions. The proposed approach and the results obtained can be used to assess the dispersed composition of particles obtained in other
designs of devices of similar action.
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OBO3HAYEHUA eanHULEe o6bema annapata, 1/(kr - ¢); 8(m, t, n) - BepoAT-
HOCTb APOG/IEHMA YacTULLbl MAacCo M Ha ABa OCKOJKa
m -5 1S 3a eIMHULYY BPEMEHU B eAuHuLe obbema anmna-
pata, 1/c; M, - cpeaHAa Macca HayanbHOW YacTu-

t - Bpems, ¢; m — Macca yactuupl, Kr; F(x, t) — nnot-
HOCTb GYHKUMM pacnpeaeneHnsa 4acTul no X B eguHuLe
ob6bema annaparta, 1/Kr; n — 4YacToTa BpaLeHUs poTopa,

Ubl, K.
1/c; N = uncno vacTtuy B annapare; N0 — YNCJI0 UCXOAHbIX

yacTuy, 3arpykaemblx B anmapat; gm, n; m-s, s) — WHAEKCHI
NJOTHOCTb BEPOATHOCTUM APOONEeHUs 4YacTuubl Mac-

COM M Ha ABa OCKOJMIKA M —S U S 3a eANHULY BPeMeHM B 0 — HavyanbHbIN.



BBEAEHUE

BrbpoKaB/TaLMOHHbIE TOMOTEHU3ATOPbl  HaxoAAT
BCe Oosibllee NPUMEHEHUE B Pa3fIMYHbIX OTPACAAX Mpo-
MbILUJIEHHOCTU, B TOM Yncie U B dpapMaLeBTUUECKON —
ONs MPUrOTOBJIEHUA KPEMOB, refiell Ans NpuaaHua UM
OQHOPOJHOrO COCTaBa, a B nociefHee BpemA U AnA
3KCTPArnpoBaHuA LiEHHbIX BeLecTB U3 MaTePUanoB pac-
TUTENbHOIO npoucxoxaeHus. Kak 6biflo nokasaHo Ha-
Mn paHee [1], cpaBHeHMe 3KCTpParMpoBaHWA ANOCLMHA
13 ceMAH NaXXNTHMKa CEHHOro, NPOBeIeHHOro B annapa-
TaxX PasNyHbIX KOHCTPYKLUIA, NPU OANHAKOBbIX YCNOBUAX
OopraHmM3aunn npouecca nokasaso, YTo Hanbonee adpdek-
TUBHbIM COcobOM OKasasnca cnocob 3KCTparmpoBaHusA
B BMOpOKaBMTaLUMOHHOM none. OuYeBMAHO, 3TO CBA3aHO
C TeM, UYTO KaBuTauua cHumxaeT auddysnmoHHoe conpo-
TUBNEHME NpoLecca U Taknm 06pa3oM NOBbLILLAET UHTEH-
CMBHOCTb MpoLecca nepeHoca Macchl BelecTBa U3 TBep-
fon dasbl B pactBop. OfHaKo NpoLecc SKCTparnpoBaHus
B annapatax Takoro Tuna ABNAETCA CJIOXKHbIM U COMpOo-
BOXKJAETCS U3MENbUYEHNEM CEMSH, UTO MPUBOAUT K M3Me-
HeHWIO AMCMEPCHOro cocTaBa TBepaon dasbl.

Kak nokasanu npeaBapuTesibHble 3KCMEePUMEHTDI,
NpoBeAeHHblE B BMOPOKABMTALMOHHOM FOMOreHK3aTo-
pe [2], B Hauane npouecca MHTEHCMBHOCTb U3MENbUYEHUSA
YyacTul Hambornee BbICOKA MNPV PasfIMYHON YacToTe Bpa-
LleHUsi POTOpa, a C TeYEHNEM BPEMEHU 3amepsifAeTca u
LOVCMNepCHbI COCTaB CTabunusmpyetcs, npuyem npu 60-
nee BbICOKOWN YacToTe BpalleHus ObicTpee [3]. Takum 06-
pa3om, C TEYEHMEM BPEMEHN HACTYMaeT HeKoTopas CTa-
6unrsauma ONCNepcHoro cocTaBa TBepgon ¢asbl npwu
MOCTOAHCTBE OCHOBHbIX MapameTpoB Mnpouecca. W3-
MefnbyeHne YBeNnUYMBAET MOBEPXHOCTb MaccoObMeHa,
UTO CyLLEeCTBEHHO WHTeHCMbULMpPYET NpoLecc SKCTparu-
poBaHus. B pabote [3] 6bIn0 NoKasaHO Ha Npumepe n3-
BfleYeHNA JMOCUMHA U3 CEMAH Ma)KUTHUKA CEHHOrO, YTo
MOBbILUEHME 4acTOTbl BpalLeHUs pPoTopa YBenuuMBaeTt
Bbixo BAB. OffHako TOHKOE M3MeJibYyeHMe CbipbA YacTo
NPUBOAMT K 00pa3oBaHMI0 CNOA 0CafiKa, 3arpA3HAOLLEro
pacTBop 6annacTHbIMU BELLECTBaMU U 3aTPYAHAIOLLEro
€ro OUNCTKY, a TakXe CHmxaeT Bbixog BAB, nostomy n3y-
YyeHwue 3TOro npotecca ABNAETCA HeOOXOANMbIM AnA pe-
rynMpoBaHNA AMUCNEPCHOro cocTaBa, YTobbl obecneuntb
Hanbonbuwyo 3GdeKTUBHOCTb SKCTparMpoBaH1A B anna-
paTax Takoro Tuna.

MATEPUAJbI U METO bl
Teopemuyeckuli aHanus

B BM6GpOKaBMTaLMOHHOM roMoreHu3aTope usmesb-
YyeHne MPOUCXOAMUT B pesynbraTe MonajaHua YacTuy B
3a30p MeXJy POTOPOM 1 CTaTOPOM. YUMTbIBas, YTO Be-
NNYMHA 3TOro 3a3opa Mana, TO YacTulbl, Nonagawue
B HEro, NOABEPraloTCA MexaHWUYeCKOMY BO3AENCTBUIO
6bICTPO BpallaloLeroca poTopa M Cpe3alTca KPOoMKa-
MUK ero oTBepcTuii. Takum obpa3om, n3mMesnbyeHne Yac-
TVL B TakOM anmnapaTe MpoOMCXOAuT Mpexpae BCero 3a
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CYeT Cpe3a yacTuy B 3a30pe MeXy POTOpOM U CTa-
Topom. OyeBMAHO, YacTMUa MOL Cpe3biBaloWMUM BO3-
[encTBMeM poTopa paspyLuaeTca Ha ABe, B obuiem cny-
Yyae, HepaBHble YacTU M cam Mpouecc nonagaHua uva-
CTML B 3a30p M Cpe3 HOCAT CAy4YalHbl XapakTep.
CywecTBylowne Mogenu M3mMenbyeHma 4YacTuu, Cconpo-
BOXKJAIOLEro TeXHOMorMyeckmne nNpoLecchbl, NCXopAT 13
CTOXAaCTMYECKUX NPeACTaBAeHNA 06 3TOM ABMEHUN, YTO
NO3BOJIAET UCMONb30BaTb BEPOATHOCTHYIO TEOPMIO Map-
KOBCKUX npoueccoB [4-9]. O6wum HegoCcTaTKOM TaKUX
Mogenenl MOXXHO CunTaTb GOPMabHbIN YUET KUHETUKM
N3MeNbUYeHUs], KOTOPbIN OCTaBnAeT 6e3 BHUMaHuA Gusun-
YeCKU MexaHu3Mm 3Toro AsneHuna. Mexgy Tem n3menb-
YyeHue SIBMIAETCS YACTHbIM Cilydaem 6OnblOro Knacca
NpoLEeccoB, B KOTOPbIX AWCMAEPCHBIA COCTaB TBEPAON
¢dasbl HenocToAHeH. B gaHHoM paboTte gnAa matematu-
YecKoro OnMcCaHuA U3MesIbYeHUA YacTuL, MCNOMb30Ba-
Ha MoAenb, YUMTbiBaOLWaa KNHeTUYeCcKne 0cobeHHoCTH
paccmaTpmBaemoro npouecca.

Myctb y(m, n) - BepoOATHOCTb NMonajaHWA YacTuubl
obbemMom (Maccon) m B OTBEpCTME POTOpa 3a eAuiHu-
Ly BpemeHU B obbeme annapata npu HEKOTOPOW YacTo-
Te BpalleHMA poTopa N, a €0 — BEPOATHOCTb N3MeJIbYEHUS
YacTULbl MAaCCON M Ha ABA HEPaBHbIX OCKONKa — (M —S5) 1
S NpY nonagaHny B 3a30p MeXAy POTOPOM U CTaTOPOM
annaparta. Torga paccyxgaa aHanornyHo [10, 11] MoxKHO
3anmcaTb BEPOATHOCTb M3MENIbYEHNA YacTuLbl, MacCoW
(o6beEMOM) m B popme:

glm, n; m=s, s) =y(m, n)ed(m; m-s, s). M

Mpw 3TOM BCe paHee NonyyeHHble ypaBHeHWA B pabo-
Te [4] ocTaloTCA B cune.

Tak Kak B KaBUTALMOHHOM roOMoOreHu3aTope npouc-
XOAUT MHTEHCMBHOE NepemeLlnBaHne MaTepurana, To Mo-
)KEM ero paccmaTpuBaTb Kak amnmapaTt nepuogmnuyeckoro
LeNncTBuA npgeanbHoOro cmeweHus. B atom cnyyae ypas-
HeHune, ONucCbIBaloLLlee KUHETUKY U3MENbYEHUA YacTul,
npuMeT B1A:

m o0
M+F(m, t)% Ig(t, m,n;m-—s, s)ds = Ig(t, s,m;s—m)F(s, t)ds.
0 m

)

30ecb nepBoe cflaraemMoe B NIEBOM YacTu XapaKTe-
pusyeT n3meHeHne GyHKLUMM pacrpefeneHmsa Yactul no
Macce BO BpeMeHU, BTOPOe CjlaraeMoe XapakTepusyet
n3MeHeHve GYHKUUWM pacnpepeneHns, CBsAsaHHoe C U3-
MeSlbYeHMEM YacTul, MPUYEM MHOXUTenb %2 cBupe-
TENbCTBYET O MPVHATOM AOMYLIEHWM, YTO B pe3yfbTate
3/IEMEHTAPHOrO aKTa B3aMMOAENCTBUA YacTuubl C Mac-
COM m, NonasLUeln B 3a30p MeXJy POTOPOM U CTaTOPOM
annapaTta, 06pa3yloTcA ABE YacTULbl C MEHbLLIEN Maccon
m—s u s. lNpaBas YacTb xapaKkTepusyet usmeHeHne GyHK-
LUun pacnpegeneHns yactuy No Macce, CBA3aHHoOe C 13-
MenbyeHneM KpYrMHbIX YacTul, ¢ o6pa3oBaHeM YacTuL,
maccon m. Mpu 3tom g(t, s, n; s—m) nNnpepcTaBnAeT Co-
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6011 AP0 NHTErpanbHOro NpeobpasoBaHns, GU3NYECKI
CMbIC/1 KOTOPOFO B TOM, YTO OHO XapaKTepusyeT KNHEeTU-
Ky M3MeNbYeHns YacTull.

0603HauuB,

m
% Ig(t, m,n;m-s, s)ds =0(m, t,n),
0

ypaBHeHue (2) MOXHO 3anucaTb B Buge:

o0

%Hﬁ(m, t, n)F:Ig(t, s, n; s—m)F(s, t)ds. (3)

m

Yuntbisas, uto F(m,t)=N(t) o(m,t), rae N(0) =N, -
UMCNO UCXOAHbIX YacTUL, B annapaTe B HayasbHbI MO-

MEHT, a j(P(m: t)dm=1.
0

M3 sTtoro YpaBHEHUA CnegyeTt

ON

§—<9>(m, t,MN=0, @

rae (0)(m,t,n)= [0m, t, niglm, t)dm, 7. e. @)m, t, n)
0

npeacTaBnaeT cob6ON HEKYl CpefHI BepPOATHOCTb
ApOo6neHns YyacTul maccom m.
C yyeTom cummeTpmm

g(t,m,n;m—s,s)=g(t,m,n;s,m—-s).

Ecnn nesyto n npasyto yactu ypaBHeHua (1) ymHo-
XWUTb Ha Mdm n NpouHTerpupoBaTb B nNpepenax ot 0 go
o0, TO MNOSYYNM, YTO

—(mN)=0,
dt( )

oTKyza cnegyet dopmyna:
mN(t) = myN,, (5)

BblpaXkaloLas 3aKOH COXpPaHeHMA MacChbl BelecTBa.
N3 BbipaxkeHni (4) n (5) cnepyer, uto

a8 _
it +(0)(m, t,n) =0, (6)

N, m
roe é:—oz_— npnt=0&=1,&tn) <1.
N mg
WNHTerpnpoBaHue ypaBHeHWs (6) B COOTBETCTBYIOLNX
npepgenax AaeT BblpaXkeHue:

E=eor, 7

BbiparkeHue (7) no3BonaeT 3KCNepuMeHTanbHbIM MNy-
TEM MO M3MeHeHnIo cpegHero obbema (Macchl) YacTuupl
onpenenuTb BENIMYMHY CPefHel BEPOATHOCTU M3MENbYe-
HWA YacTuy (B)(m, t, n) npu t > 0.

Mpy nepexofde OT cpefHel Maccbl YacTuLbl K ee
cpefHemy pa3mMepy (auameTtpy) Ans OLEHKW JUCNepPCHO-
ro cocTaBa YacTuL ygobHo nosb3oBaTbcAa GopMynoii:

d=dy3e. (8)

OKCMNMEPUMEHTAJIbHOE UCCJIEAOBAHUE

DKCrepuMeHTasbHble WCCefoBaHMA Mpouecca us-
MenbyeHna C uenbto onpepeneHus ¢yHkumm (B)(m, t, n)
NnpoBOAUAN B BUOPOKABUTALMOHHOM TFOMOreHM3aTope,
CXEMa KOTOPOTo NpeAcTaBieHa Ha pUCyHKe 1.

i

\fj 2

;] =

=
e

H)T/H\\Ll

PucyHok 1. Cxema BU6poKaBUTaLlMOHHOr0 roMOreHn3aropa:

1 - KpPbIWKa; 2 - BTYNKA; 3 - cTaTOP; 4 - POTOP; 5 — HMKHAA BTYNKA;
6 - cTakaH; 7 — 3arnywka

Figure 1. Scheme of a vibro-cavitation homogenizer:

1 - cover; 2 - sleeve; 3 - stator; 4 — rotor; 5 - lower sleeve; 6 - glass;
7 - plug

OCHOBHbIMU pabouyrMy OpraHamu annapaTa ABNA-
toTCA poTop 4 1 cTaTtop 3. 3a30p MeXxAy POTOPOM U CTa-
Topom cocTtasnseT Bcero 0,25 mm. Potop 3 rpaHynAaTopa
NPUBOANTCA B ABVKEHME aCMHXPOHHbIM 3NEeKTPOABU-
ratenem, a 4actoTa BpalleHUA poTopa perynmpoBa-
nacb € nomoublo npeobpasosatena yacToTbl. Mcxop-
Hbl1 BOAHbIA PacTBOP 3TaHOMA C CEMEeHaMM NaX}kMTHUKa
CEHHOro 3arpy»anca B cTakaH 6, B 06beme 0,2 nuTpa,
3aTeM poOTOp annapata NPUBOAWACA BO BpalleHne n
BbIBOAMNCA Ha 3afaHHYl0 4acToTy BpaweHuA. OnbiTbl
NpoBOAMANCL NPWU YacToTe BpaweHua — 1000, 3000 wn
5000 o6/muH (16,7; 50 n 83,3) 1/c. Mpn Kaxkaom 3Haue-
HMM 4YacCTOTbl BpalleHWA poTopa BpemA npouecca Ba-
pbupoBanocb B gnanasdoHe ot 0 Ao 5 muHyT, npuyem
npouecc senun B TeyeHue 60, 120, 180, 240 v 300 cekyHA.



WNccnepoBaHua npoBefeHHble B TeueHe 5 MUHYT 1 60-
nee nokasanu, 4To AWCMNePCHbIi COCTaB WPOTa NpPaKkTu-
YeCcKu He N3MEHAETCA BO BPEMEHMU, HO CYLLECTBEHHO 3a-
BMCWUT OT 4YacTOTbl BpalleHUs poTopa. Takum o6pasom,
nocne 5 MWHYT HacTymaeT Hekasd cTabunusauuma auc-
NepcHOro CoCTaBa 1 fanbHelilwee npebbiBaHe MaTepu-
ana B annapaTe He MPUBOAUT K 3aMETHOMY U3MEHEHNI0
AmcnepcHoro coctasa. Mocnie Kaxgoro onbiTa WpoT oT-
6upany, BbICyWBaAM U NPOBOAWAN CMTOBOW aHanus3
JANCNepCHOro cocTaBa.

B kauecTBe maTepuana UcCnonb3oBanu cemeHa na-
XKWUTHMKA CEHHOTO, M3 KOTOPbIX 3KCTparMpoBann Au-
OCUMH. KMHETVKY K3MeflbuyeHMs M3ydanu Nno K3MeHe-
HUIO AWCNEPCHOrO COCTaBa YacTUL B Mepuoanyeckom
npouecce.

PE3YJIbTATblI U OBCYXAEHUE

XapakTepHble KpuBble N3MEHEHMW BO BPEMEHU OTHO-
CUTENbHON Macchl YacTul — &(t, n) B nepMoamnyeckom npo-
Llecce U3MesibYeHNA NPU Pa3ANYHbIX 3HAYEHUAX YacTOTbl
BpaLleHVA poTopa NpeacTaBieHbl Ha PUCYHKe 2.

0,8

0,6

§(t,n)

04

0,2

0 50 100 150 200 250 300 350
t,c

PucyHoK 2. 3aBUCMMOCTb OTHOCUTENbHOIM Macchl YacTUL, OT Bpe-
MeHU NPy pa3nunYyHoIi YacToTe BpalleHUs poTopa:

O-n=16,71/c;A-n=501/c; ® -n=83,31/c

Figure 2. Dependence of the relative mass of particles on time at
different rotor speed:

O-n=16.71/s;A-n=501/s; ® -n=83.31/s

CpaBHUTENbHbIN aHaNN3 KPUBbIX M3MEHEHUA OTHO-
CUTENIbHOM MaccChbl YaCTUL, BO BPEMEHNW NOKa3as, YTo Hau-
6051ee MHTEHCUBHOE M3MeNTbYEHME NPOTEKAET Ha NepPBbIX
60-120 cekyHAax, Npu 3TOM OTHOCUTESIbHAA Macca Yac-
TUL yMeHbLUaeTcA B ABa 1 6onee pas, 3aTem npotiecc 3a-
MeanAeTca u B nocnegyoliee Bpemsa U3MeHeHne mMacchbl
CTAHOBUTCA HE3HAYUTENbHbIM.

Mo pe3ynbratam, NOMyYeHHbIM MpU 06paboTKe 3IKC-
NMepUMEHTAJIbHbIX JaHHbIX MO YpaBHeHWIO (6), bbn pac-
CUMTaHbl 3HaYeHUA cpefHeln BEepPOATHOCTU U, KaK OKa-
3anocb, (B)(t, nN) NPAKTUYECKN He 3aBUCUT OT BPEMEHM,
a 3aBUCUT TONbKO OT YacTOTbl BpalleHMA poTopa, T. e.
(B)(t, n) = (B)(n). Bbina NonyyeHa 3aBUCUMOCTb M3MEHEHUA
(6)(n) Npn pa3nnuHON YacToTe BpaLlleHUs potopa n. Ta-
Kan 3aBUCMMOCTb NpeAcTaBfieHa Ha PUCYHKe 3.
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PucyHok 3. 3aBucumoctb (8)(n) oT YacTOTbl BpalLeHUA poTopa

Figure 3. Dependence of (8)(n) on the rotor speed

AHanu3 3TMX pe3ynbTaToB MOKasas, YTo BenYMHa
CpepHei BEPOATHOCTM N3MEeNbYEHMWsA YacTuUL, B KaBUTaLu-
OHHOM FOMOTeH/3aTope YBEIMUMBAETCA C MOBbILEHNEM
YacTOTbl BPALLEHNA POTOPA, YTO BMOJIHE OXMAAEMO, TaK
KaK BO3pacTaeT YacToTa KOHTAKTOB YacTul ¢ paboummu
opraHamu annapara.

Kpome Toro, nony4yeHHas 3aBMCUMOCTb ANA Cpej-
Hel BePOATHOCTU M3MESIbYEHUA YacTUL UMEeT JIHEN-
HbIi XapaKTep, U XOPOLIO annpOKCMMUPYETCA Bbipake-
HVem BMAa:

(6)(n) = 0,0001n + 0,0106, )

1
30eCb N—— W TOrAa NOSIyYaeM Bblipa*KeHne ana onpeae-
C

nexna &(t, n):

&(t, n) = exp - (0,0001n + 0,0106)t. (10)

BbipakeHune (10) 4OCTaTOYHO TOYHO OMUCHIBAET 3Ha-
YyeHus & B pabouem AnanasoHe n = 16,7 — 83,3 1/c.

C yyeTOM 3TUX 3HAYEHWIA SKCMEPUMEHTasbHble pe-
3ynbTaThbl No onpegeneHnto &(t, n) N pacyeTHble MO Bblpa-
eHuto (10) metoT xopoluee coBnageHme (PUCYHOK 4).

1,2

0,8

0,6

§(t n)

0,4

0,2

0 50 100 150 200 250 300 350
t,c

PucyHok 4. CpaBHeHMe pacyeTHbIX 1 SKCNeprMeHTa/lbHbIX 3Have-
HUIN OTHOCUTENbHOWN MacCbl YacTNL, OT BpeMeHU Npu YacToTe Bpa-
weHus potopa n =50 1/c. JInHuAa - pacyeT, TOUKU A - SKCNepMMeHT

Figure 4. Comparison of the calculated and experimental values
of the relative mass of particles from time to time at a rotor speed
n =50 1/s. Line - calculation, points A - experiment
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3AKJTIOMEHUE

Takum obpa3om, 3Hasa N U t, C NOMOLLbIO BblpaXKeHNA
(10) MOXHO pacyeTHbIM NyTeM onpepenutb &(t, n) u, cne-
JOBaTeNbHO, CPEAHIOI MacCy YacTuL, MONTyYeHHbIX B pe-
3ynbTaTe U3MeSIbYEHNA NPU B3aUMOAENCTBUUN YacTul C
BpaLLaloLLMMCA POTOPOM, U OLEHUTb CTEMEHb U3MENbYe-
HWA MaTepuana B annapartax Takoro Tmna.

Kpome Toro, npeanoxeHHblli MOAX0A U NosyYeHHble
pe3ynbTaTbl MOTYT 6bITb UCMONb30BaHbI AN OLEHKN ANC-
NMepcHOro coctaBa 4acTuu, MOJyYaeMblX U B APYrux
KOHCTPYKLUMAX anmnapaTos Nogo6bHOro aencreums.
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