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B coBpeMEHHBIX 3KOHOMHUYECKHX YCIOBHSIX OCOOYIO
aKTyaJbHOCTh MPHOOPETACT Pa3BUTHE OTPACITH
YKHBOTHOBOJICTBA B Halei cTpane. M3BecTHO, 4TO

3¢ (GEKTHBHO pa3BUBATh )KUBOTHOBOACTBO BO3MOXKHO
ITyTeM YBEJIMYCHHS TIOTOIOBBS BEICOKOIIPOU3BOIUTEIIHHBIX
KUBOTHBIX. MHOTOYHUCIICHHBIE HCCIICAOBAHMS
MTOKa3bIBAIOT, YTO HAMOOJBIIETO 3P PEeKTa B yBEITUICHUN
MoKa3aTesel )KUBOTHBIX O3BOJIIOT JOOUTHCS PAIHOHHI,
MIPUTOTOBJICHHBIC HA OCHOBE BHICOKOKOHIICHTPHPOBAHHBIX
KOpMOBBIX J100aBOoK (npemukcos) [1, 2, 3].TpaauiroHHo
MIPEMUKCHI MIPEJCTABISIOT COOO0M MOPOLTKOOOPa3HYIO
Maccy, KOTOPYI0 HEOOXOIUMO BBOJIUTH B CMECh 36PHOBBIX
KOMIOHECHTOB. TOYHOE COOIIOACHUE PEICTITYPHI
MPUTOTABIMBACMBIX KOPMOB ITO3BOJIICT MAKCUMAIIBHO
HCTOJIB30BaTh KOPMOBOW MOTEHIIMAT KOMIIOHCHTOB
KOHIIEHTPATOB [4, 5, 6, 7].B cBsA3u ¢ BhIIIECKA3aHHBIM
0CcO0YI0 aKTyaJbHOCTh IPHOOPETAIOT CMECUTEITH-
oboraTuTen HEOOXOIUMBIE IS IPUTOTOBIICHHS
BBICOKOKAUECTBCHHBIX KOMOMHMPOBAHHBIX KOPMOB [8, 9,
10]. [Ipumenenne cucreM auddepeHnuanbHbpIX YypaBHEHUN
®doxkkepa - [I1anka Mo3BOJIAET ONPENAECIUTH
3aKOHOMEPHOCTH MPOLIECCa CMEIIUBAHUS PA3IMIHBIX
CBHIITyYUX KOMIIOHCHTOB. B pe3ynbraTe 4ero mosBisieTcs
BO3MOKHOCTh ONTHMHU3UPOBATH TEXHOJIOTHUCCKUI
MPOIIECC CMECUTEIISA-000raTUTENST KOHIICHTPUPOBAHHBIX
KOPMOB TaKUM 00pa3oM, 4YTOOKI MojiydacMas KOpMa-CMeCh
MMeElla BRICOKHE KAYeCTBEHHBIC M TEXHOJIOTHYCCKHE
XapaKTePUCTHKH MPH 3TOM MIPOIOIDKUTEIHFHOCTD PaOOTHI
CMECHTENI-000TaTUTENs, a KaK CIeICTBHE U
9HEPTOEMKOCTh TEXHOJIOTHYECKOTO MpoIiecca MPUHIMATIH
MHUHHAMAJIBHO BO3MOKHBIE 3HaYeHus [11-16].
IIpennaraemslii TEOpETHUECKUI TTOAXO0A OCHOBAaH Ha
paccMOTpeHHe IBIKECHUS OTACIHHOMN YaCTHIIBI,
cozepaKalleiicst B chimy4eii 3epHOBo# Macce (dase). B
CBSI3H C 3TUM HEOOXOJUMO MPHUHATH P JOMYIICHUN
KacaTeJbHBIX MPUIOKCHUS CHIJI K YaCTHIIAM KOpMa, a
TaKXKE YUIECTh BEKTOPHI CKOPOCTH €€ EPBOHAYAILHOTO
nBrkeHus. [IpuHUMAas BO BHUMaHHUE CJIOXKHOCTb
MOJYYCHHOTO MaTeMaTU4ecKu au(hepeHINaTLHOTO
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In the current economic situation, the
developing of cattle breeding is taking on
special significance. It is well known that the
effective way to develop cattle breeding is to
increase the total number of efficient livestock.
The numerous researches show that the high
concentrated fodder premix diet gives the
highest effect in increasing animal indicators [1,
2, 3]. Traditionally, the premix is a powder
mass, which should be added into the mixture
of grain components. Exact following the recipe
of prepared fodder allows the maximum usage
of forage potential of the concentrate
components [4, 5, 6, 7]. In view of the
foregoing, food enrichers have special actuality
in making high concentrated fodder [8, 9, 10].
The usage of differential Fokker — Planck
equation systems allows determining the laws
of the mixing process of various granulated
products. As a result, it becomes possible to
optimize the technological process of the mixer-
enrichers of concentrated feed so that the
resulting mixture of feed would have high
quality and technological characteristics. At the
same time the duration of sewer-enricher’s
work and, as a consequence, the energy
intensity of the technological process would
accept the minimum possible values [11-16].
The given theoretical approach is based on the
consideration of the motion of an individual
particle contained in a loose grain mass (phase).
Concerning this, it is necessary to accept a
number of assumptions about making effort to
the feed particles, and the velocity vectors of its
initial motion should be taken into account.
Taking into account the complexity of the
mathematically derived differential equation, its
literal analytical solution seems very difficult.
Therefore, the first step of the solution is aimed
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ypaBHCHHS OYKBaJbHOE €0 aHATUTHICCKOE PEIICHUC
MPECTABIICTCS BEChbMa 3aTPyAHUTEIbHBIM. [ToaToMy
TIEPBEIH ATAIl PEIICHNS HAIIPABIICH HA TOTyICHUE
HECTAIlMOHAPHOTO ypaBHEeHUs T dy3un Dokkepa -
[Tmanka ¥ TpaHUI] YCIIOBHS IS BBIICIICHUS
€IMHCTBEHHOI0 pemieHus. Bropoii atan pemenus

BBITIOJTHACTCA ITYTEM Ta6yHI/IpOBaHI/IH B CCTOYHBIX TOYKaAX,

TO €CTh pacCMOTpeHHe TU(HEePEHIIMATHEHOTO YPABHEHHS
HE B MPOU3BOJILHOW TOYKE 00JIACTH, a TOIBKO B y3JIaX
ceTkH. boiee Toro, B Ka)II0M y3JIe ClIeAyeT MPUMEHHUTh
aNMPOKCUMAITUIO MPOU3BOIHBIX. PelieHre cucTeMbl
YpaBHCHUH TIO3BOJISICT YCTAHOBUTD, MOYJIb
MHUHHMAJIBHOTO, CPETHETO U MAKCUMAILHOTO 3HAYCHUS
JIBUYKCHUS YaCTHIBI (ha3bl B PA3IMYHBIX YACTIX
CMECHUTEJIbHOW KaMephl COOTBETCTBEHHO. B CBsi3M ¢ 3TUM
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at the obtaining the non-stationary diffusion
equation of Fokker - Planck and the boundary
conditions for isolating the only one solution.
The second step of the solution is implemented
by the tabulation at the grid-based points, that
is, considering the differential equation not at a
random point of the area, but only at the grid
nodes. Moreover, it is necessary to apply the
approximation of the derivatives at each node.
The solution of the equation system allows
determining the module of the minimum,
average, and maximum values of the phase
particle motion in different parts of the mixing
chamber, respectively. In connection with this,
the aim of the study is to substantiate the
processes of motion of various types of
granulated products

Keywords: FORAGE MIXTURE, SCREW
MIXER

PaccMoTpuM ABIDKEHHE YacTWIl B PasiUYHBIX (a3ax (BUAAX CHITY4YHX

KOMIIOHEHTOB),

CIeAyIoIIUe JOMYIICHHUS:

TPAHCHIOPTUPYIOIIUX IITHEKaMHU,

A1 OTOr0  IIPUMCHAIOT

- B3aUMOJICICTBUE CBHITyYUX 3JEeMEHTOB (a3bi(B) ManoBeposTHBI B CpaBHEHUU

AJIIEMEHTOB U3 pa3HbIX (a3.

- YBCIMYCHHC 00BHEMOB OIHOI'0 M3 CBIIIYYWX KOMIIOHCHTOB HC IPHUBOAUT K

HU3MCHCHHUIO (1)I/IBI/IKI/I npoueCCoOB CMCUIMBAHUA.

- IBHOKCHHEC YaCTHI] O6YCHOBHCHO BBaHMOHCﬁCTBHCM COCCIHHUX DJICMCHTOB.

Tax kak pacmpeseneHue MO UMITyJIbCaM OpPOYHOBCKHUX YACTHI[ B 3TOM

BpCMCHHOﬁ IKaje SBJISETCS B JIOOO0H MOMEHT BPpEMCHHN MAKCBCJIJIOBCKHUM, TO

Hac OyJeT MHTepecoBaTh TOJBKO (YHKIHMS pachpenesieHus MO KOOpAHHATaM

p(7, 1) p(r, t)dr

Takasl, 4YTO

ONpEIENsIET

BEPOSATHOCTh  OOHAPYXKUThH

OPOYHOBCKYIO YacTHuIly B 006éMe (7, 7 + d¥) B MOMEHT BpEMEHH t, IPUYEM

”]’ p(F, t)dr =1

1_.1'
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Tak kak HamM OpOYHOBCKME YaCTUIIbI CTAOWUIIbHBI, HE HUCYE3aI0T, HE
POXIAFOTCS BHOBH (HET WX HMCTOYHUKOB), TO (yHKOMS TUIOTHOCTH [ (T, 1)

JOJKHA YIOBJIETBOPATH YPAaBHEHUIO HENPEPBIBHOCTH

E+§(ff):%+di’[-‘(ff‘)=0 (1.2)

at
Beens rpyOyio Imikamy BpeMEHH. BpeMs IBHKEHHS MHOTO OoJblie
BPEMEHU MEXy ABYMs IMOCIIENOBATEIbHBIMUA COYAAPEHUSAMH, Mbl (PAKTUYECKU
WA ce0s BO3MOXHOCTU HCIOJIB30BaTh MUKPOCKOIMYECKHUE COOOpaKEHUs

JUIsl TIPEBpAIeHUs] 3TOr0 COOTHOIIEHHS B ypaBHEHUE JJIsi OJHON (DYHKIMU
f(7,t). OcraBasicb B paMKax MOJY(PEHOMEHOJOTUYECKOIO0 PacCMOTPEHMUS,

npeacCTaBuM IMOTOK INNIOTHOCTH BEPOATHOCTHU f T Kak ObI CKJIaAbIBAIOIITUMCA M3

JIByX 4aCTEH:

T =T + Tpe (1.3)

CyH

[lepBast u3 HUX T; 00ycCIOBIEHA BHEIIHUMHU CHJIAMH, JEHCTBYIOIIMMHU Ha

OpOYHOBCKYIO YaCTHILy, BTOPASl Upqpw, - CIYYAWHBIMH «DIyKTYHPYIOIIAMHE

BO3JICUCTBUSIMM Ha HeE €O CTOPOHBI 4YacThIl cpeabl (C aHAJOTUYHBIM

paslelcHUEM Ha <«PETYISPHYIO» M «CIyYailHYH0» 4YacTH TIOJB3YIOTCI U B
CTaTHUCTUYECKOMN (PHU3UKE.

Jns peryssspHOM 4YacTM Mbl MOXEM MCIIOJIb30BAaTh ITPEACTABIICHUS

MaKpOCKOHI/I‘{CCKOﬁ r'uaApoAMHaMUMKHU O ABHIKCHHUH TCJia B BSI3KOU cpeac. I[JI}I

MaJbIX CKOPOCTEH U cpepruIecKuX YacTHIl CITPABEAITUBO

F =yv,,y = 6nRy (1.4)

MO3TOMY YIIOPSIOYEHHBIM MOTOK YaCTHUI MOYKHO 3aIIUCaTh KaK
_ 1.8V
Vg =—-] 1.5
f 0] ]-"I f d I—. ( )

rac V — IMOTCHI WA BHCHIHCTO CHJIOBOI'O IIOJIA, HAIIPpUMCEP, CHJIBI TSIKCCTH.

CnyuaiiHoe e OnyXJaHue C MAaKpPOCKONMHYECKOM TOYKH 3pPEHUS HMEET
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xapakrep Auddy3MoHHOrO mpolecca, nodToMy AUQPQGYy3UOHHBIN MOTOK YaCTHIL

MBI 3aITHIIEM KakK (CITydaid MajbIX IPalieHTOB)

B D'Eiljc 1.6
fT'c.n3'€ = ﬁ f.: . j

rae BenuuuHa LD 1o  (QU3MYECKOMY CMBICIHY SBIAETCA KO3(PPUIMECHTOM
i ¢y3un OpOYHOBCKMX YacTHIl JAHHOTO pa3Mepa, Macchl B Cpele C JaHHON
TEMIIEPATYPOH, BA3KOCTBIO U T.1.

ComocTaBisii 3TH  BBIP@XKEHHUSA, Mbl TOJydaeM, 4YTO KO3(PPUIUEHT

mud¢y3un D 10BOJIBHO MPOCTO CBA3aH C TEMIIEPATYPOM, BSI3KOCTHIO CPEIbl U
pa3mMepoM OpOYHOBCKUX YaCTHUI]

D=2 (1.7)

¥

IlozcTaBiisist 9TO 3HAYCHHUE B BBIPAKCHUE JUISL MIOTOKA f T, © COOMpast
BCE€ WIECHbl BMECTE, Mbl NPUXOAUM K ypaBHeHHI0 Dokkepa - [lnanka s
(YHKIMM TUIOTHOCTH pacIpeieleHHsl BEpOSITHOCTU HaX0XkAeHUs yacTull (asel b

B eIUHUYIHOM oObeme [ (T, t)

o —%dﬁ-‘ (f grad V) —gﬂf =0 (1.8)

at
VYpaBHeHUS (CTAllMOHAPHBIC) JBUXKCHUS BSI3KOH IKUIKOCTH |
TPaHUYHBIE YCIOBUS [JIS BBIICJICHUS E€JUHCTBEHHOTO PpEIICHUS

IIPUHUMAIOT BUA
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( du du d*u  0*u
(ﬁ +E) - K (ﬁ.x:z N ﬁj-‘z)’
oo (24 20 (ﬁzufﬁ’)_ .
dx dy H\9x2 ay? P&
) §—+§—= 0. (1.9)
du du
%AC = an e = 0,ulcpras =0,
dr dv
510:- :5?,‘4 = 0,V5c:p5+m6 =0
\ Vlag = Vo, Vlgr = —,

OT0 cymecTBeHHO Oosiee TspkEnas cUcTeMa ABYX YpaBHEHHUHU.
[TosTOoMy B KauecTBe HAYaIbHOTO TPUOJIKCHUST BBIOMpPAEM PELICHUE
HpeAbIIYIIETr0 YpaBHEHUS .

VYpaBuenus (HecrannoHapusie) muddy3un Gokkepa - [Inanka u
TPaHUYHBIC YCJIOBHUS Ui BBIACICHUS €IMHCTBEHHOTO pEIICHUS
NPUHUMAIOT BH]

of a*f ’f @ ( Elf) ( af)
ot ~ bu aﬂJ’b”ay?— dx\ ax +51 ay

f|t=n::- = fo

f|A5+EC+CD+DE+EG+GF+FA =0

(1.10)

JUis TpUMEHEHHE YHCIEHHBIX METOJO0B, KaK YxXe ObUIO CKa3aHo
HE00X0IMMO anmpoKCUMUpPOBaTh AuddepeHnnanbHble YpaBHEHUS! CETOYHBIMH.
OTO 3HAYUT, YTO CIEAYyeT paccMaTpuBath AudQepeHuanbHbe YpaBHEHHUS HE B
IPOM3BOJIBLHON TOUYKE 00JIaCTH, a TOJBKO B y3JIaXx ceTKU. bosee Toro, B Kaxaom
y3Je CcleAyeT NPUMEHUTh aNNpOKCHUMAalMI0 TPOM3BOIHBIX. B pesymnbraTe
MOJly4aeM Ppa3HOCTHYIO CHUCTEMY JIMHEWHBIX YpPaBHEHUH CTallMOHAPHOTO

JNBYOKEHUS UI€ATLHOMN KUIKOCTH

http://ej.kubagro.ru/2017/04/pdf/73.pdf
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f@z‘+1j + ﬁl‘-”z‘—i;' n ﬁl‘-”z‘;t1 n '{ll[)z'_;'—ﬂl _ (2“?-7;':;' n 2@?") -0,
hx= hx< hy= hy= hx=  hy~
Lj=1,..,N—1
Pin — Pin-1 |
: hx = T,,
hy (i.j)eFE
] @11~ @, _ | (1.12)
hy P -
. (i,jlear
Pi1 — Pin _ {]’(Pz'h‘ — Pin-1 —0
hy (i,j)eBC hy (i.jJeDE+FG
@11_@ﬂj| =ﬂ¢79¢j_@w—1j| 0
\ hx (i.j)ecA hx (i.jlecpa ’

o il 40 &0

Puc. 1.1.Bapuant 1. Ilorenmnuan ckopocTeit

[TonyyeHHass cuctemMa JUHEHHBIX alreOpandecKuX YpPaBHCHHUE HMEET
CIMHCTBCHHOEC pEIICHUE, KOTOPOE€ MOXKET OBITh IOJIyYeHO CaMbIMHU
pazHooOpasHpIMH  cmocoOamu. Hamu  OblT1 HMCMONB30BaH  ammapar

MaTeMatudeckoro nakera MathcadPe3ynbrat perieHus: mpuBeaEH HIDKE

Brinumiem ceTouHbie YPaBHCHUA JIBUKCHUA BSI3KOM KHNIKOCTHU
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[ i1 T W1y Ugper T Uy
) (uz'+1_j = Uy; +uz'_;'+1 _uz'_;') _H hx? hy?
& hx hy p 2uy; 2y :

hx? hy?
Vitg; T UVpog; N Vyjer T Vi1

v (quﬂ j— Yij + Vijs1 — ﬂ'j) _E ha hy* _
T\ hx hy p _2vy _ 2wy (1.12
) hx?  hy?
g ij=1.N-1 )
o' ¥ 5 BT . WS Y, i=1..N-1
hx h}' i g il
Uy — U Uine — WUinr_ .
”; 10 _% =0,uy; =Uuy;=0,j=1,..,N
Ly iEAC Ly (ED6
dv v 0,7 0
— =0,v _ =
onlep  O7lac BC+DE+FEG
\ Ulgg = V5, Vlzr = — 1,

OTH CeTOYHbBIC YPAaBHEHUS YK€ SBIISICTCS HEIMHEWHBIMU. J[JI MOMcka ux
pelieHust  clieayeT MNPUMEHUTh KaKOW-HUOyAb HWTEpalMOHHBIA  METO/I.
Hanpumep, meton 3eiiaenss uian MeToj] MOKOOPAMHATHOTO cIiycka. Pe3ynbrar
pelieHus]  ypaBHEHWH  CTAIlMOHAPHOTO  JIBIDKCHHSI  BA3KOW  KUIKOCTH
npeacraieH Ha puc. 1.1-1.2[1epssiit pucyHok (puc. 1.2) —mojie cKopocTek 1o

HaIPABJICHUIO

ocu OX.

o z0 40 1]

Puc. 1.2.Bapuant 1. opu3oHTaIbHAS COCTABIISIONIASL
CKOpPOCTH

http://ej.kubagro.ru/2017/04/pdf/73.pdf
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To ecth TOpHU30HTAJIbHAA COCTABJIAOIIAA CKOPOCTH. XapaKTCpI/ICTI/IKI/I

m
9TOro ImIOJIsl. MHUHHMAJIbHOC 3HAYCHHUEC CKOPOCTH _{]025_, MaKCHUMaJIbHOC
' i

m ™m
3HaueHne ckopoctu 0.004— , cpennee 3HaueHune ckopoctn —0.005—. JleBas
i i

4acTh PUCYHKA MOKA3bIBAET, YTO ATa COCTABIIAIONIAST OTpHUIlaTeNbHA (BCIIOMHUM
NpaBUja pPacCKpalIMBaHMs). DTO 3HAYUT, YACTUIBI B OCHOBHOM JIBHXKYTCS K
neHTpy. llpaBeiii kpaif, CKOpPOCTh TOJIOKWUTENbHA, HAMpaBiIeHA BIPaBO. IJTO
O3HAYaeT, YTO KaKas-TO 4acTh ¢a3bl b OyaeT MUTpUPOBATH B MPaBYIO YacTh
obOnacTu, TeM CaMbIM YBEJIMYMBAsl KOHIIEHTpaIuio B Hel. [Iporecc 3ToT oueHb
MEJJICHHBI, Ha YTO YKa3blBaeT MaKCHMajbHas BEJIWYMHA CKOPOCTH H,
CJIeIOBaTEeNIbHO, B TMPABOM YacTH IIOBBIICHWE KOHIEHTpanuu (a3el b
MIPOUCXOAUT JOCTATOYHO MeieHHO. HeoOxomum O0biioil HHTEpBall BpEMEHH,
YTOOBI KOHIIEHTPAIIMS B TIPABOW YaCTH yBEIINYUIIACK.

Pemenne cuctemMbl ypaBHEHHMH IMO3BOJIIET YCTaHOBUTH, YTO MOMYJIb
MUHUMAJILHOTO 3HAYEHUS JIBIKCHUS 4acTullbl coctaBiser mpumepHo 0,00001
m/c’. MakcumansHoe 3HaueHme Mmomyms ckopoctr 0,027 wm/c®. Cpenmmee
3HAYEHUE MOJYJISI CKOPOCTH 0,005M/02.

[Tpu yCTaHOBJICHHHM CKOPOCTH MEXaHHMYECKOTO B3aWMOJCUCTBHS YACTHII,

nepeMeNIeHre UX B HUKHIOIO YacTh pabouell kKaMepbl MUHUMU3UPYETCS.
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