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The purpose of the study is to examine the processes of structure formation of valuable waterproof
aggregates, the conditions under which they are formed for further analysis of the energy interaction of the
structural components of the discrete soil environment.

From the energy point of view, the physical and mechanical properties of the soil are determined by the
nature and magnitude of the forces of cohesion of particles with each other, and also by the number of contacts
between particles per unit volume of the system. The primary act of structuring is the emergence of contact
between the neighboring particles of the dispersed phase, and the final result is the formation of a spatial
structure that encompasses the entire soil profile. The soils, due to the dispersion, have a colossal specific surface
and, as a result, a large amount of specific energy, the magnitude of which causes the formation of soil
aggregates and their constancy. It should be noted that the mixed effect of many factors is most typical for soils,
that is, the aggregate stability of the structure is provided by the action of several factors simultaneously. Thus,
the consistency of soil structures is determined by the balance of the energy of attraction and the energy of
repulsion of particles.

The method of energy calculation, the interaction of soil particles, makes it possible to carry out a
simple calculation of the electrostatic interaction of ground colloids, which are a composite structure of the soil
and can be used to model the energy interaction of the structural components of a discrete soil medium.
interaction of soil particles, waterproof structure, energy calculation, physical and mechanical properties
of soil
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K ypaBHEHUIO IBUXKEHUS YaCTHUI] IIPU MOJICITUPOBAHUA
IpoIIEcca Cemapalnu 3€pPHOBBIX CMECEHN
BUOPOIMMTHEBMATUYECKUMHU CerapaTopaMu

B craree paccMOTpeHO ypaBHEHHE ABMIKEHMs 4acTull N-ro cios Npu MOAEIMPOBAHUM CeMapalnuu
3epHOBBIX cMeced. OmpeneneHo, YTO MOJEIMPOBAHME IIPOIECCOB MEpPEpaclpezieieHUs] CIOEB 3EPHOBOTO
Marepuaa IyTeM PacCMOTPEHUs N-TO CII0sl, ABIAETCS NEPCIICKTUBHBIM ITOIX0JIOM.
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VY crarTi po3MISHYTO PIBHAHHS PyXY YacTHHOK N-TO IIapy MpH MOJENIOBAHHI cermapauii 3epHOBHX
cymilneil. Bu3HaueHO, 110 MOJENIOBaHHS IPOLECIB IEPepo3NoAily MIapiB 3epPHOBOrO MaTepially LUIIXOM
po3mIsiAy N-To mapy, € IepCIeKTHBHUM MiIX0I0M.
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IToctanoBka mnpoOJjieMbl. B COBpEMEHHBIX SKOHOMHYECKHUX YCIOBHUSIX pPa3BUTHE
HapoOJHOI'O XO3SMCTBA HEPA3PbIBHO CBS3aHO C HAYYHBIM [OAXOAOM K PpELICHUIO
MOCTABJICHHBIX 3aJ1ay. YKpauHa sIBISETCS OAHOM M3 Benylmux EBponeickux arpapHbIX CTpaH.
OnHMM U3 OCHOBHBIX aCIEKTOB Pa3BUTHsI arpapHOro CEKTOpa CTPaHBI ABJIETCS HAapalMBAaHUE
o0beMOB M KauecTBa  BbIpal[MBaeMoOro  3epHoBoro  marepuana.  llomyuenue
BBICOKOKQUECTBEHHOTO 3€PHOBOTO UM IIOCEBHOI'O MarepHajla BO3MOXHO TOJIBKO MU
MCIIOJIb30BaHUU TIEPEIOBbIX HAYUYHBIX U TEOPETHUECKUX Pa3pabOTOK.

Haubonee mnepcnekTHUBHBIMM MallMHAMHU JUIS  (PPAKLMOHUPOBAHUS  3€PHOBOTO
Mmarepuana, SBISOTCS THEeBMocopTupoBaibHbie CcTONbl ([ICC), mOCKOJBKY MONTydeHHE
BBICOKOKAUECTBEHHOIO CEMEHHOI0 MaTepHaja BO3MOXHO IPU JAEJIEHUM YacTHUL] CMECH I10
YACIBHOU TJIOTHOCTH 3epeH. Vcronp30BaHne yKa3aHHOTO (DHU3MKO-MEXaHHYECKOTO CBOMCTBA
MO3BOJISIET, C MUHUMAJIbHBIMU YHEPreTUYECKUMHU 3aTpaTaMu, BbIICIUTh MAKCUMAJIBbHOE YHCIIO
OHMOJIOrMYECKH aKTUBHOI'O CEMEHHOT0 MaTepHara.

MaiuHel, UCHOJAB3YEMbIE B HACTOSILIEE BpPEMs, HE B IMOJHOU MeEpEe YAOBIETBOPSIOT
BO3POCLIMM TPEOOBAaHUSAM K TEXHOJIOTMUECKHUM IpolieccaM U 000pyI0BaHUIO, pEaTU3YIOIEMY
3TU Ipouecchl. B ¢BA3M ¢ 3TUM, IIpU NPOEKTUPOBAHUM HOBBIX MAILMH U MOJIEPHHU3AINHU YKE
CYILLECTBYIOIIMX, KpailHE Ba)KHO HCIIOJIb30BAHUE COBPEMEHHBIX TEOPETUYECKHX METOJI0B
MOJIETTUPOBAHUS MPOLIECCOB, MPOUCXOASIINX B 3€PHOBBIX CMECAX Ha pabodeil MOBEpXHOCTH
[CC.

AHa/IN3 MOCJEeIHUX HCCAeI0BaHUN M myOamkanmid. Psgom uccinepoBatenei
(bnexman H.U., Toptunckuii B.B., XXenryxun B.B., Jlelikun SI.W. u ap.) co3naHbl OCHOBBI
TEOPUH CAMOCOPTHPOBAHUSI YACTUIl 3E€PHOBBIX CMECEH B IICEBIOOKWKEHHOM CIJIO€ IpHU
BO3JeiicTBUM  KojeOanuii pasznuynoro tuna [1, 2]. OmnpeneneHbl yciioBHs Hayaia
BHYTPHCIJIOEBBIX NIEPEMENICHUH, 3aKOHOMEPHOCTH MPOTEKAHUS ITPOLIECCa CAMOCOPTUPOBAHMUS,
CBSA3BIBAIOIIME CBOWCTBA CBIIy4ed CMECHM C JAMHAMUYECKUMHU M KHHEMaTUYECKUMU
XapaKTepucTUKaMu paboueld moBepxHOCTH. OAHAKO 5T TEOPETHUECKHE MCCIeI0BaHUS
BHYTPHUCJIOEBbIX IPOLECCOB, KaK IPaBWJIO, OCHOBBIBAJIMCH HA MPOCTEHIIMX (PU3MUYECKUX
mozensix [3, 4]. Cnoit cMecH 4YacTHIl, Pa3IUYAIONIMXCS MO0 T€OMETPUYECKUM, (DU3UKO-
MEXaHUYECKUM CBOMCTBAM UM HAXOJSIIMKICSA Ha BO31YyXONPOHULIAEMOM IOBEPXHOCTH,
MOJZIBEpPracTCsi BO3JCHUCTBHIO BO3AYIIHOTO TIOTOKA W/WiM BHOpOKOIeOaHusIM paboueit
MOBEPXHOCTHU. B pe3ynbTare, npu onpeeseHHbIX 3HaYEHHUSIX CKOPOCTH BO31YIIIHOIO TIOTOKA U
BEJIMUMHAX aMIUTUTYIbI ¥ YaCTOTHI KOJeOaHUIl OMOPHOI MOBEPXHOCTH, CIIOM YaCTHUI[ MOKET
HaXOAUTHCSI B INCEBJOOKMKEHHOM COCTOSIHUH, T.€. MPUOOPETAET CBOMCTBO TEKYUECTH. DTO
MPUBOJIUT K TOMY, YTO HAOJIO/Ia€TCsl paccIauBaHUE CMECH YaCTHUIl. YaCTUIIbI, OTIHYAIOLIUECS
[0 CBOMM a’pOrpaBUTALlMOHHBIM CBOWCTBAaM, MOTYT TIOIpPYyKaTbCsd WIM BCIUIBIBATH B
MICEBIAO0KIDKEHHOM CJoe. OJTOT (PU3MYECKUH MeXaHW3M M JISKUT B OCHOBE IIpoliecca
camocopTtrpoBanusi [1].

Marematnueckre MoJIe1, OMKMCBIBAOIINE 3TOT MPOLIECC, B OCHOBHOM, OCHOBBIBAIOTCS
Ha YpaBHEHMSX JBW)KEHHsS OTAenbHOW wactuubel [5]. Tlpm 3tom, Bo3medcTBHE
MICEBJI00KMKEHHOTO CJI0SI HA YACTHUILy YYUTHIBAETCS BBEICHUEM PA3JIMYHOIO THUIMA CHII: CHJa
TSOKECTH, CHJIa CONpPOTUBJIEHMsS cpenbl B npubmmkenun Hprootona wmm  Crokca,
BBITAJIKMBAIOIIas cuia Apxumena U T.n. Takod MOAXOJ, XOTA U MO3BOJISIET ONPEAENSTh
BJIIMSIHUE KUHEMATHUECKUX, TEXHUYECKUX U KOHCTPYKTUBHBIX TapaMETPOB Ha BHYTPUCIOEBbHIE
MPOLECChl B TCEBIOOKMKEHHOM CJIO€ YacTHIl, OJHAKO, UMEET OrPaHUYCHHYIO 00JIacTh
IPUMEHEHUs, IOCKOJIbKY BBE/ICHUE B YPAaBHEHUE JBM)KEHUS OTJECJIBHON YaCTHIIbl YKa3aHHBIX
BBIIIIE CHUJI, KaK MPaBUIIO, JenaeTcs GopManbHO, 0€3 YBI3KU C APYTUMHU YICHAMH YpaBHEHUSI.
Kpome Toro, ¢usnueckue Monenaw, OCHOBAaHHbIE HAa YPAaBHEHMM JABW)KEHUS OTJIEIbHOMN
YacTHIIBI, HE MOTYT OMHCaTh B TOJHOH Mepe Takhe BakHble d(PQPEKThl KaKk BHYTpEHHEE
B3aMMOJIEHCTBHE MEX/ly YaCTHIIAMU, O0YCIIOBJIEHHOE MONEPEUYHBIM CABUIOM M 00pa30BaHUIO

22



ISSN 2414-3820 KoHcTpyroBaHHS, BAPOOHHUIITBO Ta EKCILTyaTallis CLTbCbKorocrnoaapcehkux Manms, 2017, sy, 47,411

CKOIUICHUH YacTHll, MPUBOJSAIIEE K CHIKEHUIO KO3((dUIIMEHTa CONMPOTUBICHUS U JAp. DTH
3G GdeKThl  OKa3bIBAlOT  CYIISCTBEHHOE  BIWSHHE Ha  HMHTCHCHBHOCTH  Ipoliecca
CaMOCOPTHUPOBAHMSI CJIOSl YACTHIl M, B KOHEYHOM cyeTe, Ha 3PPEKTUBHOCTh MCIOIb30BAHUS
ATOTO MPOIECCa B COOTBETCTBYIOMINX TEXHOJIOTHUSIX.

IlocTanoBka 3agauyu. B 3Tol CBS3M akTyalbHOW SIBISETCS MpoOieMa pa3paboTKu
MaTEeMaTHYECKUX MOJIENICH, TIO3BOJISIONMX B Hanbosee o0IeM BUIE yU4eCTh B3aUMOICHCTBUE
yacTull (a He OTACIbHOM YaCTHUIIBI) C TICEBI00KIKCHHON CPEJIOi.

N3n0:xxenne ocHoBHOro Matepuaja. OqHuM u3 3PEeKTUBHBIX MOIXO0/I0B K PEIICHUIO
BO3HUKAIOIINX TPU ITOM 3ajad SBISETCS TMOIXO0/, UCIOIB3YIONUN METOABI THIPOINHAMIKI
MHOTO(]a3HbIX cucteM [5, 6].

[Ipu mocTpoeHMH MaTeMaTHUECKHX Mojenell OyjaeM mpeanosarate [/], 4ro mox
BO3/ICHICTBMEM BO3JyIIHOTO IOTOKa W KoleOaHWii pabodeld MOBEPXHOCTH IMPOU30ILIO
paccioeHue MCeBI00KUKEHHOTO 36PHOBOTO CIIOS TIO BBICOTE (BIOJIb OCH, MEPICHIUKYIISIPHOI
ONOpHOI TOBepxHOCTH). B pesynprate oOpaszoBanuch N -cloeB 4YacTHil, 00IaIarolIrx
Pa3TUYHBIMU  a3POTPABUTAIIMOHHBIMU M THIPOJUHAMHUYECKHUMH CBOWCTBaMHU. JIBHMKECHHE
KOKIOro cjosg yvacTul OyJeM paccMaTpuBaTh Kak JIBJKEHUE CIUIOIIHBIX Cpen, a
B3aMMOJICHCTBHE 3TUX CPEIl MOJCTUPYETCS COOTBETCTBYIOIIMMU KPACBBHIMHU YCIOBUSIMHU Ha
rpaHunax paszaena cpen. Takum oOpa3oM, B COOTBETCTBHHM C OCHOBHBIMU KOHLEHIHUSMU
MEXaHUKH MHOTO(a3HBIX CUCTEM, JBHKEHHE PACCIOEHHOTO MO BBICOTE IMCEBI00KIKEHHOTO
CJIOsl yacTull OyJaeM MoaenupoBath kak aABmkeHue N +1 - dasHoit cuctemsl, cocTosieit u3
N cioeB dacTul] TUCKPETHBIX (a3 W OJHOW HENpephIBHOW (a3bl — razoo0pas3Has cpenua
(Bo31yX).

ITycts X,, X, 1 X3 — A€KapTOBbIE KOOPAMHATHL. IIpr4em MIOCKOCTh X, X, COBHAIAET C

IUIOCKOM pabouell MOBEPXHOCTBIO, a OCh X, €i MeplIeHAUKYJIspHa U HanpasiieHa BBepX. Och
X, HAKJIOHEHA II0J| YIJIOM O K I'OPHU30HTaJbHOM IUIOCKOCTH, a OChb X, €W napajuienapHa. B

JaNbHENIIeM, He orpaHuuMBasi oOUIHOCTH, OynieM paccmaTtpuBath aBkeHne N +1 - dasnoit
CHCTEMBI BIOJIb OCH X, U I0JaraTh, 4YTO BCE BEJIMYUHBI, XapaKTEPU3YIOILIUE 3TO IBUKEHUE, HE

3aBHCAT OT KOOPAHWHATDBI X2 .
BBGI[GM IPUBCACHHYIO INIOTHOCTb YacCTHUIl N-TO CJI0A P, U CPCAHIOIO IINIOTHOCTBH

YacTHUIL p_n, o0pasyronux N -1 AuckpeTHyto ¢a3zy. Torna:

Pr=0,Pp, (1)

rae o, — oObeMHas A0Sl 4acTull N -oi AUCKpPeTHOM (azpl. OO03HAUMM uepe3 p —

NPUBEJCHHYIO IJIOTHOCTh HENPEPBIBHOM (hasbl, a p — CPEAHIOI IUIOTHOCTHh ra3000pa3HON
cpenbl, obpasyromryto 3ty ¢a3zy. Toraa, cornacHo [6], umeem:

_ N o _ N
p=p[1->Eni=pl1->5, |. (@)
n:lpn n=1

Jlanee, OyneM CUUTaTh, YTO CPEAHsS TOIMIMHA N -ro ciost yactiu — h., n=212,..,N.

3HayeHne MHAEKCa N =1 COOTBETCTBYET CaMOMY HIDKHEMY CJIOIO, PACIIOJNIOKEHHOMY Ha
paboueit moBepxHocTH, a N=N- BepxHemy. Takum 00pa3oMm, CpemHssl TOJIIHMHA
TMICEBI00KIKEHHOTO CII0S YaCTHII
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h=3h,. ©)

B coorBercTBUM € ypaBHCHHSAMH [/] ypaBHEHMS ABIDKCHHS YacTHI N-TO CJOf,
— —_— —_— n —_—
hoy <X <h, n=12.,N, h;=>h, hy=0, MOKHO IpeACTABHTE B BHJE:
P=1

pn(a\/m +(V,\7ni)\/nij :_@ 'HvlnAVni +O'5ij [g(vl _Vni)+(v’\7 _\_/n XVI _Vﬂi):|+

a X P
Ip. v i 8 ( X @
— _Vl _Vni +V1\7_\7n Vl _Vni x(t-1 —1/2d,c+ nFnVi _Vni + nfni’
S 2w )ott=) s -
divw, =0, n=12..,N, i=123. (5)

rae V, :(an ,VnZ,Vns) U \7:(\/1 ,V2,V3) — CKOPOCTHM 4acTHLl N-OW IJUCKPETHOH

(a3bl ¥ CKOPOCTH HEMPEPHIBHOM (ha3bl;
P, — nmaBneHue B N-oM cioe;
K, — 3¢dexTuBHBI KO3((UIMEHT NUHAMUYECKOH BA3KOCTH N -OM AUCKPETHON
da3zmr;
v — 3 dexTuBHBII KO3PPUITUEHT KHHEMATUIECKOHN BA3KOCTH HEMPEPHIBHOH (ha3bl;
a, — SKBUBAJICHTHBIN CPEAHUI paguycC 110 00beMy JacTul N -oil JUCKPEeTHOH (as3sl;

f, — 1-1 KOMIIOHGHTa MAacCOBOW CHJIBI, JCHCTBYIOIIAs HA YaCTHIBI N -0

JMCKPETHOH (a3bl (B KauecTBE KOTOPOU BHIOMPAEM CUITY TSDKECTH);

F, — xo3dduuument, xapakrepusyrooummuili B3aMMOAECHCTBUE HENpPEepbIBHOW (a3bl ¢

yacTuiamMu N -oif TUCKPETHOM (a3bl, KOTOPBII MOXKHO MPEICTABUTh B CIEAYIOIIEM BUJIE!

75v8
F=—Ff [1,75v0n+ v J 6)
2pn(1_6n) a, a

n

n
rae V,, — cpelHsis CKOPOCTb BO3YIIHOIO ITOTOKA Ha BEPXHEH I'paHHUIIE [X3 = Z hpj
P=1
N -TO CIO4.

BeiBoabl. B crathe paccMOTpEeHO ypaBHEHWE MABIKEHHS YacTHIl N-TO CIIOS TPH
MOJICIIMPOBAHUH CeNapaliy 3epHOBBIX cMeceit. OmpeesieHo, 4YTO MOICTUPOBAHUE MTPOLIECCOB
nepepacipeesieHusl CI0eB 36pHOBOTO MaTepualia IyTeM PacCMOTPEHUs N-TO CJos, SABJSETCS
NEPCHEKTHUBHBIM MOIX0JIOM.
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To the Equation of Motion of Particles While Modelling the Process of Separation of

Grain Mixtures by Vibrating Pneumatic Separators

It is very important to apply modern theoretical methods of modelling processes that take place in grain
mixtures on the working surface of the gravity separators when designing new machines and modernizing the
existing ones. For this purpose, the method of hydrodynamics of multiphase systems was used.

The equation of motion of the particles of the N layer is considered in the process modelling of the
separation of grain mixtures was considered in the article.

It was determined that modelling of the processes of redistribution of layers of grain material by
considering the n layer is a promising approach.
particle motion, separation process, vibro-pneumatic separators, mathematical model
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TexHiuHe 3a0€3neUeHHS MPOrpaMyBaHHs BPOKAHHOCTI

[IpoBenena cepisi AOCTiIKEHH HOBOTO ITHEBMOMEXAHIYHOTO BHCIBHOTO amapata 3 mepudepiiHuM
poO3TalryBaHHSIM KOMIpDOK Ha BHCIBHOMY JWCKy Ta IHEpHIHHUM BHIAJICHHAM 3aiBOrO HACIHHSA [UIA
MiATBEPKEHHS TIITOTE3H II0I0 HOTO YHIBEpCAIBbHOCTI.

KoHCcTpyKIiss HOBOrO MTHEBMOMEXAHIYHOTO BHCIBHOTO amapaTa J03BOJISE 3HAYHO 3MEHIIUTH BaKyyM Y
cucTeMi, 301IBIIMBINN KOJOBY MIBHIKICTH KOMIPOK BHCIBHOTO IWMCKY, HAOMM3UBINM ii A0 3HAYEHH IIBHIKOCTI
PyXy TOCIBHOIO arperary, TaKMM YHHOM 3a0€3Me4yrouH IOCTIHHY TOYKY CKHJAaHHS HACiHHS 3 HacCiHHEBOTO
JIUCKa Ha Ti e TpaexkTopii iX MONBOTY 10 OOpPO3HM 1 SIKICHE 3allOBHECHHS KOMIipok. Jlisi BH3HAUYCHHS
palioOHAIBHUX TapaMeTpiB 1 peXUMIB pOOOTH BHCIBHOTO arapaTta Ha HACIHHI COi, COHSIIHHMKY 1 KYKypyI3u
NPOBEJICHA CEpisl OCITIPKEHb, OTPUMaHi 3aJeKHOCTI KoedillieHTa 3allOBHEHHS KOMIPOK BiJl PO3PIKEHHS y
BaKyyMHil kamepi AP Ta K0o/10BOT IIBUAKOCTI KOMIPOK BHCIBHOT'O Jvicka V ISl epepaxoBaHUX BHU/IB HACIHHS.

Takum uymHOM, KoediumieHT 3amoBHeHHS KoMipok K=100% mnpu mo3yBaHHI BKa3aHHX KyJbTYp
JIOCSATAETHCSI BCTAHOBICHHSIM HACTYITHHX Tapametpis: mis coi — AP=0,4...0,5 klla, V,=1,5...2,0 m/c; mms
cousmianky — AP=0,4...0,5 «Ila, V,=1,5...2,5 M/c. A BuCiB HaciHHA KYKYPY/A3H YCKIaIHEHHH BEITHKHMH
po3MipamMu HaCiHHS.

NpOrpaMyBaHHSl BPOal0, YHiBepCAJbHICTh, IHEBMOMEXAHIYHMII BHCiBHUI amapaTt, BHCIBHHH JHCK,
eKClepuMeHT

© K.B. Bacunbkorcbka, [.A. Kynuk, B.I. Hocynenko, H.M. Tpukina, 2017

25



