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BiHHMIBKHIT HalliOHABHUIT arpapHUi yHiBEpCHTET

MATEMATHUYHE MOJEJTIOBAHHSI TA OCHOBA KOHCTPYIOBAHHA
BIBPALHINHUX 3MIIITYBAYIB

B cmammi cucmemamu308aHo [ y3a2a/1bHeHO Memodu nNpoeKmy8aHHs 3MIiuye8anbHo20 00/4a0HAHHA ma
inmeHcugikayii npoyecie 3miwysaHHs, supiweHi 3a80aHHs, N08'aA3aHi 3 Memodoo2iyHUMU 3acadamu NOWYKY W./sXi8
nideuweHHss iHmeHcusHocmi ma edekmusHocmi po6ouux npoyecigé 3Miuy8asbHux MawuH. Bcmanoesewo, wjo eoHu
8UMA2al0Mb YMOYHEHHs 1 nodanbuwo20 800CKOHA/NEHHS ICHYHOYUX MemoOduK PO3PAXYHKY 3MIuy8a/abHO20 0061A0HAHHS 3
BUKOPUCMAHHAM nepcnekmusHux @izuko-mexHiuHux egexmis. O6TpyHmMo8AHO 8NAUS 3MIWYHOHUX CUNI0BUX pakmopie Ha
3MiHy mpaekmopii pyXy sukoHas4ux opzaHie gibpayiiiHoi mexHo02i4HOT cucmemu, Wo 00380151€ NPo2HO3y8amu nogediHKy
3a8aHMaNiceHHst ma MiHimMi3yeamu KiibKicmb KIHEeMamuyHUX JAAHOK y cucmeMi. BugueHi HanpsiMu po38umky KOHCMPYKyiii
eHepzo3bepizalovyux ma eucokonpodykmueHux eibpayilinux npueodie mawuH 045 peaaizayii Opo6aeHHs, pi3aHHS,
nepemiuly8aHHsi, O4UWEHHS NOBEPXHE8020 NOKpusy ma po3dieHHs HeoJHOPIOHUX cucmem 8 npoyecax Xapyoeux I
nepepo6Hux eupo6Huymsa. /JlocaidxiceHo duHamivuHi modesi gibpayiliHux npueodie 3 KOMOIHOBAHUM KIHEMAMUYHUM
8i6p036ydJiceHHAM, OMPUMAHO AHAAIMUYHI 3aJjexcHocmi 0451 OYIHKU KIHeMamu4HUX, CU/08UX Md eHep2emu4Hux
Xapakmepucmuk KO/AUBAJIbHUX cucmeM, wo 003804ua0 30ilicHumu eubip ma o6rpyHMyeaHHs payioHaAbHO20 Cnoco6y
8i6p036ydoiceHHs 04151 MeXHO102[YHUX MAwWuH MexaHiuHoi dii Ha cuposuHy. [IpoaHanizogaHi mamemamuyuHi Modeni, wo
HalbiAbW Yacmo 8UKOpUCMo8ylomuCsl npu 8us4eHHi KiHemuKu npoyecie 3miuy8anHsi 3a donomozor GyHkyii posnodiay
uacy nepe6ysarnus (PUIl) docaidxcysaHozo komMnoHeHma 6 anapami no kKpueum 8i02yKy Ha xapakmep onopy. BusHauena
adekeamuicmo po3aasiHymux modesell 3MIWAHHA peanbHuM @i3udMHUM npoyecaM, wjo 8i06ysaromucsi 8 nepemiulyroqux
npucmposix, WAsIXoOM HAHECEeHHsl nepesipeHuX daHUX HA PO3PAxXyHK08i Kpusi npu cmyniHuacmoMy eeedeHHi iHOukamopa.
IIpu po3pobyi ma aHanizi mamemamu4Hux modesell 6yau BUKOPUCMAHI HABAUMNCEHI JaHI NPO MOXCAUBI 8eAUYUHU JessKUX
napamempie pigHsiHb Modei, nposedeHa KopeKyis Modedi.

Katouoei cnroea: 3miwysarHs, duHamivHi modenai, MamemamuyHe Mo0eA08AHHS, 8I6payitiHi MAWUHU.
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MATHEMATICAL MODELLING AND BASICS OF CONSTRUCTION OF VIBRATION MIXERS

The article systematizes and generalizes the methods of designing mixing equipment and the intensification of mixing processes,
solved the problems associated with the methodological principles of finding ways to increase the intensity and efficiency of the working
processes of mixing machines. It was established that they require clarification and further improvement of existing methods for calculating
mixing equipment using promising physical and technical effects. The effect of mixing force factors on the change in the path of the executive
bodies of the vibration technological system, which allows to predict the loading behaviour and minimize the number of kinematic links in
the system, is substantiated. The directions of development of the designs of energy-saving and high-performance vibration drives of
machines for the implementation of crushing, cutting, mixing, cleaning the surface cover and separation of heterogeneous systems in the
processes of food and processing industries are studied. The dynamic models of vibration drives with combined kinematic vibration
excitation are investigated. Analytical dependences are obtained for assessing the kinematic, power and energy characteristics of vibration
systems, which made it possible to select and justify a rational method of vibration excitation for technological machines for mechanical
impact on raw materials. Mathematical models are analysed, and they are most often used when studying the kinetics of mixing processes
using the residence time distribution (RFI) function of the component under study in the response curves of the nature of the resistance. The
certain adequacy of the considered mixing models for real physical processes occurring in mixing devices by applying verified data to the
calculated curves with the stepwise introduction of the indicator. When developing and analysing mathematical models, approximate data
on the possible values of some parameters of the model equations were used, and the model was corrected.
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Beryn

VY3araipHEeHHs 1 aHaNli3 METOJIB NPOEKTYBaHHs 3MIllyBalbHOrO 0OJaqHaHHA 1 iHTeHcudikalil mpoueciB
3MIlIyBaHHS [OKA3yIOTh, 10 BUPILIEHI JAJIEKO HE BCl 3aBAaHHS, IOB'sI3aHI 3 METOMOJOTTYHUMH 3aca/laMH IOIIYKY
LUISAXIB IiJABUIIEHHS IHTEHCHUBHOCTI Ta €(EKTUBHOCTI POOOYMX IPOLECIB 3MIIIyBalbHUX MalIMH. 30Kpema,
BHMAraroTh YTOYHEHHS 1 IIOJQJIBIIOTO BJIOCKOHAIEHHS ICHYIOUMX METOAMK pO3paxyHKy 3MIIIyBalbHOTO
oONagHaHHSA 3 BHKOPHUCTAHHSM TEPCHEKTHBHUX (i3UKO-TEXHIYHHX e(EKTIB, HANpHUKIAL, BiOpamii, a TakoX psa
NPUBATHUX 3aBJaHb 3 IPOSKTYBaHHS MEPIIOYESPTOBHX BXKIMBUX €JIEMEHTIB KOHCTPYKLIH.

Sk y3araJbHEHHMH METOA IIOLNIYKY HOBHX TEXHIYHMX DIIICHb B JAHUH Yac BHKOPHUCTOBYIOTH METOJ
CHCTEMHOI'0 aHAJIi3y JJIs BUBUYEHHS CKIaJHUX TEXHIYHUX CHUCTeM i mporeciB. [lix cucTeMHNM aHai30M MaeThes Ha
yBa3i BCSl METOOJIOTIS ITPOLIECY BUPOOIICHHS 1 IPUIHATTS PillieHb Y MPOOJIEMHHX CUTYalisX, KOJIH Orepailii aHamizy
1 CHHTE3y TICHO IepeTHHAIOThcsA. B Ipolenypy CHCTEMHOrO aHali3y TEXHIYHOI CHCTEMH BXOJATH eTalli:
(opMyJIIOBaHHSI METH, aHali3 NPOOJIEMH i CTPYKTYpH TEXHIYHOi CHCTEMH, aHaji3 3aKOHOMIpHOCTEH i TeHAeHIl
ICTOPUYHOTO PO3BUTKY, CKIIQJIaHHS MoOJesieil 1 po3poOka pO3ropHYTOro IUIaHy JOCIHiKeHb, BUOIp KpHUTEpiiB
HOPIBHSHHS TOILIO.

Mera i 3aga4i podoTu

MeTor0 JOCIiIKEHHS € 3MEHIIEHHs] €HEPTOBUTPAT Ta MiJBUILIEHHS ITPOIyKTUBHOCTI OIepaliii BibpauiiHux

3MIITyBaYiB, MEPEMIlIyBaHHS, MEXaHITHOTO PO3AUICHHS HEOAHOPITHUX CHCTEM HA OCHOBI MaTEMATHYHOTO aHAII3Y

30 Herald of Khmelnytskyi national university, Issue 5, 2019 (277)



TexHiuHI HayKu ISSN 2307-5732

JOCTIKYBaHUX TIPOLECIB Ta OOJaIHAHHSA, BU3HAYCHHS NEPCIEKTHBHUX HAMPAMIB MiABHUINEHHS 1X €(pEeKTHBHOCTI,
OOI'pYHTYBaHHSI HAYKOBO TEXHIYHUX OCHOB KOHCTPYIOBAaHHSI BiOpaIliiHIX 3MilIyBayiB.

Metonu MoaeawoBaHHA mnponeciB  3mimyBanus. OCHOBHI 3aBHaHHS, IO CTOATh  Iepex
MPOCKTYBAJIBHUKOM: BUOIp KOHCTPYKTHBHOI CXEMHU 3MIlllyBaya; BU3HAYCHHS MOTO0 TCOMETPUYHHX 1 KIHEMATHIHUX
napaMeTpiB; po3paxyHOK IOTY>KHOCTI, CIIO)KMBAHOI B MPOLIECi 3MillIyBaHHS; BU3HAUSHHS 4acy nepeMilryBaHHs (abo
NPOJYKTUBHOCTI 3MillyBaua). BuOip KOHCTPYKTHBHOI CXeMH 3MilllyBaua MOB'si3aHUl 3 (HOpMyIIIOBaHHSM BUMOT 10
pexxumy poOOoTH (LUKIIIYHUNA, Oe3repepBHUii). ['eoMeTpuyHi 1 KiHEMaTH4HI TapaMeTpH B OCHOBHOMY BH3HAYalOThCS
HEOOX1THOIO MMPOAYKTUBHICTIO 10 BHITYCKY T'OTOBOI IPOYKIIi.

[Ipy BUBYEHHI KiHETHKH ITPOLECY 3MILIyBaHHS FTOMOT€HHHMX a00 TeTepOreHHHUX CEepelIOBUIL, Y BU3HAYCHHI
CIIOXKMBAHOI MOTY>KHOCTI TOJIOBHY POJIb Biirpar0Th €KCIIEPHMEHTANBHI JOCHTIHKEHHS, [0 JO3BOJIIIOTE BCTAHOBUTH
HAMMPOCTIII JOCHIIN, HA OCHOBI SKMX MOXHa (DOPMYIIOBATH 3aKOHH, IO KEPYIOTh OCHTIMHKYBaHHM SBHUIIEM, i
3aMucaTh 1X y BUTIIAAL AeIKUX MaTeMaTHYHUX CITiBBiTHOIICHb. BOHNM BKIIIOYalOTH Taki MeToau: | — 3acHOBaHMI Ha
aHaJi3l CTPYKTYpH IMOTOKIB 3a noromMoror ¢(yHkuii posnoniny uacy nepeOyBanus (PUIT) wactuHOK cymimii B
KOpIycCl 3MilllyBada; 2 — MeXaHika CYLUIbHHUX CEePeJOBHII 3 BUKOPUCTAHHSIM JICTEPMIHOBAHMX a00 CTOXACTHYHHX
miAXoiB; 3 — eHTpomiiHo-iH(opMariitHuii; 4 — emmipudanii (PeHOMEHOIOTIYHU); 5 — (HI3UIHOTO MOJICITIOBAHHS; 6
— CTaTUCTUYHMH; 7 — ONTUMANIBHOTO IIaHyBaHHH [ 1, 2].

Hwxkue mnpexacraBiieHi geski MareMaTW4HI MOJE, HAHOLIbII YacTO BHKOPHCTOBYBAHI B XiIMIiuHIH
TEXHOJIOTIT TiJi Yac BUBYEHHS KIHETHKH IIPOILIECIB 3MIIllyBaHHS 3a JOMOMOror (YHKIII pO3MOALTY dYacy
nepeOysanus (PUII) nocnigKyBaHOTO KOMIIOHEHTA B aniapari 110 KpUBUM BIITYKy Ha XapakTep OIip.

Monensb ieadbHOTO BUTICHEHHS. BiAMOBIAHO 10 1i€T MOEI TPUAMAETHCS:

dc dc
—_— =y — ,
orT ot
e C — KOHIIGHTpALlisl TOCIIHPKYBAHOTO KOMIIOHEHTY, V — IIBHJKICT IIOTOKY Marepiany, 7 — 4ac [3-5].

Xapaktep Binryky Ha crynindatuii F(7) iimnynscanit C(7) onip nokasani Ha puc. 1.

F(v) 1 c(v) 1

-
>

0 T 0 T

Puc. 1. Biaryk Ha Tunosmii onip

v

Monens ineaabHoro 3mimyBaHHsi. BinnosigHo mo miei mMoneni mpuiiMaeTbess PIBHOMIPHHME PO3MOMIN
JIOCTIKYBaHOTO KOMIIOHEHTA B YChOMY 00CS31 3MIIIyBaHOTO MaTepiany:

dc«blx _&(C _C )
- 6x 6bIX
dr 14
e ng s Cgblx — BIATIOBITHO KOHIICHTPALIis JOCIIIPKYBAaHOTO KOMIIOHEHTA Ha BXO/Ii 1 BUXOJI 31 3MilTyBaya;

VC , V', — BigmoBigHo 06'eMHA IIBHAKICTE MOTOKY i 06CAT 3MilTyBaya.

Xapaxkrep Binryky Ha crynindaruii F(7) iimnynscnnit C(7) onip nokasani Ha puc. 2.

F{T} r C(T) r 3

- =
- -

0 T 0 T

Puc. 2. Biaryk na Tunosmii onip

OueBHIHO, 0 MOJENI i7IeaJbHOr0 3MIIIyBaHHS BIAIMOBINAE arlepioUyYHA JaHKA 1 QYHKIlS BIATYKY Mae
BUTJIS;
-7/T

dr,

C(r)di="ee e ar="°
V T
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ne T =—% — cepennili uac nepeGyBaHHs JOCIIHKYBAHOIO KOMIIOHEHTY B 3MimTyBadi [6, 7].

dudysiiina mogens 3mMimanHs. Po3pi3HAIOTE 1Ba THIIA MOJENeii: OAHOIapaMeTPHYHI i [BOTTapaMETPUIHI.
IX OCHOBOIO € MOMENb ieaTbHOT0 BUTICHEHHS MOETHAHA 3 MIPOIECOM TEePEMINTyBaHHS, SKHN MiIIOPIIKOBYETHCS
¢dbopmanbHuM 3akoHoM nudy3ii. [Ipy BUKOpHCTaHHI JaHUX MOZENEH NPUIMAIOTHCS TaKi IMPUIYIICHHS: 3MiHA
KOHIIEHTpALil IOCIi/DKYBAaHOTO KOMIIOHEHTa € Oe3rnepepBHOI (yHKIi€ KoopauHaTH. KoHueHTpalis #oro B
nepepizi NocTiiiHa, 00'€éMHa MIBUIKICTh MOTOKY 1 KOe(illieHTH MepeMilllyBaHHS HE 3MIHIOIOTHCS 10 MEPETHHY
3MillyBaya.

[Ipu Takux NPHUITYIIEHHSIX MOJEINI OIMUCYIOTHCS PIBHSAHHIMU:

dc dc 8_20 dc _ dc o’c D, . 0 Rac

—=—v—+D,— u —=-v—+D,—+—L2*—|R—|,
ot ox ox ot ox ox> R OJR\ OR
e D, ,D, — xoediuieHTn M0IOBXKHBOTO i IIOMEPeHOro 3MilryBanHs; R — neBHuit HiHiitHIiT po3Mip.

B xozi nocnigHOro BU3HaueHHs KoedilieHTiB NepeMillyBaHHS IX IPEACTABISAIOTh Y BUNIIAL 0€3p03MIpHHAX
KOMILIEKciB — kputepiis [exue:

D D
Pe, =—L;Pe, =—%.
vL vL

Sxmo Pe — 0, nudysiiina Mozeb NepexoauTh B MOJE/b i1eallbHOTO BUTICHEHHS; Ipu Pe —> oo — B
MOJIEJIb 171eaIbHOTO 3MiLITyBaHHSI.
VY 3mimryBavax OesnepepBHOi il Ha mijcTaBi AnyY31HHIX MOeNeH NIPpH Pi3HIl iIHTEHCHBHOCTI 3MilllyBaHHS

. . . . 2
C-KpHBi aIpOKCHMYIOTECSI HOPMaJIbHHM a00 TIayCOBCBKHM PO3MOAiTOM. 3B'S30k MK mucmepciero O ulPe,

3aJa€TbCsl PIBHSAHHAM O : =2—£. Xapakrep Biaryky Ha crymindartuit [ (T ) i imnymscnmit C (T ) orip
V.
IpeCTaBIeHO Ha puc. 3.

F C
2 T
1 1
™~ 3
) 1 X o ;

Puc. 3. Biaryk nHa Tunosmii omip:
a) nuysiiini moneni: 1 — ineanbHOro 3milyBaHHs; 2 — i1eaJlbHOro BUTiCHeHHs1; 3 — NpoMizkHa; 0) ocepenkoBa Moens: 1) unciio

ocepeakis 1711 = 1; 2) M = °°; 3) N mnpuiiMac NPoMikKHi 3HAYEHHS

OcepenxoBa mozeb. OCHOBOIO MOJIEli € YSIBJICHHS TIPO iJeaibHe MEepeMilllyBaHHSI B MeKax OCEpe/IKiB
(Mimasnok) 3'eHAHMX MOCHIIZOBHO a0 MapajeibHO i BIICYTHOCTI IepeMillyBaHHsS MK HMMH. [lapamerpom, mio
XapaKTepu3ye MOAENb, CIYXKUTh YHCIO OCEPEelKiB m. MaTeMaTHYHUI OMHC OCEepPeIKOBOI MOJIEIi CKIIAIAETHCS 3 M
JHIHHUX TUQepeHiaJbHIX PIBHSIHD HEPILIOTO MOPSAKY:

1, dc, 1
—*—t=—(c,—¢),

m dt 7T

n
e i=12,3....

OcepeKOBOI0 MOJIC/UTIO OIIHIOITh (YHKINIO PO3MOAUTY B IOCTIIOBHO 3'€IHAHMX 3MillyBadax, sKi
3IIMCHIOIOTh  IHTEHCHBHE II€peMilllyBaHHs, aOCOpOLIMHMX 1 eKCTpakIiMHMX  KOJIOHaX, amaparax 3
TICEBJIO3PI/UKEHIMHN [IapaMH. Pi3HOBHIOM ocepeaxoBoi Mojeni € MOJeNlb 31 3BOPOTHMM IIOTOKOM, B SIKiH
BPaxOBY€ThCsl HASBHICTH 3BOPOTHOTO IOTOKY MIX OcepeikaMH. 3B'SI30K MK po3noziaoM nmo C-KpuBid 1 4HcIOM
OCepEIKiB BU3HAYAETHCS PIBHIHHSM:

coC_m"
¢, (m-1)!
Ipu m > 10 pocraTHio A NPAKTHYHKX PO3PaXyHKAX TOUHICTh Ja€ BUPA3:
1 D
o’=—=2-"L,
m VR

OcepenxoBa MOAENb MU m = 1 IEPEeXOANTh B MOJEJb 1A€IBHOTO 3MILITYBaHHS, IPH /11 —> ©© — B MOJIETb
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ineanbHOTO BUTICHEHHs. Xapakrep BiAryKy Ha cryneHeBuil F (T ) i immynbenmit C (Z‘ ) OIlip IIpeJCTaBIIeHI Ha

puc. 3 [8, 9].
BucnoBok

AJICKBaTHICTH PO3TITHYTHX MOZeNell 3MillaHHA peadbHHM (i3WYHAM IIporecaM, MO BigOyBarOTHCS B
MEePeMIlYIOUMX [PUCTPOSX, HAWYACTINIE BCTAHOBIIOETHCS ILISIXOM HAHECEHHsI IEPEBIPEHHX JaHUX Ha
PO3paxyHKOBI KpPHBI NP CTYIIHYACTOMY BBeCHHI iHAMKaTopa. OCKiJIbKH MPU pO3po0Lll MaTeMaTHYHUX MOJAEIeH
BUKOPHCTOBYIOThCSI HAONIMDKEHI JaHi MpO MOXUIMBI BEJIMYMHHM JACSKUX IMapaMeTpiB pIBHSHb MOJIENi, BUHHKAE
HeOOXigHiCTh Kopekmii Mozeni. Kopekitiss Momenm NPOBOAMTHCS Ha peadbHUX (I3MYHHX J1a00PaTOPHUX 1
HariBIPOMHUCIIOBUX Mojeinsix. [lepexin g0 iHIIMX MacmTadiB 31iHCHIOETHCS 32 JIOMOMOTOK METONIB (hi3UUHOTO
MOJICTFOBaHHS.

He Bci peasnbHi MpoLecH BAAETHCS OMMCATH 3a JIONIOMOTOI0 PO3IJISIHYTUX BHIIE MOJIeNel. Y IMX BHIIAJKaxX
BUKOPHCTOBYIOTh KOMOIHOBaHI MOENi, IO CKJIAAIOTBCA 3 TMOCHiAOBHO 1 (ab0) mapalenbHO 3'€qHaHUX
nepepaxoBaHuX BHIIEe Mojeneil. KoMOiHOBaHO MOJIEILIF0 MOXKE OYTH ONUCAHHUN MPAKTHYHO OyIb-SKUH CKIaTHUHA
mpoIiec, MpPoTe HOro MOJETIOBAHHS 3HAYHO YCKIIAIHIOETHCS Yepe3 TPOMI3AKICTh piBHSHB, MIO YTBOPIOIOTHCA, 1
CKJIAJTHOCTI X pIIlICHb.
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