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If the production cycle specifies insufficient time to achieve a homogeneous mixture, then this leads
to a change in the recipe composition, which is unacceptable when feeding animals. The optimal mixing
time is usually determined by empirical data based on mixture monitoring and testing. The range of
recommended mixing times for different types of mixers today is significant and can vary significantly.
To achieve the best performance in achieving the uniformity of the feed mixture for animals, the time
spent by the components in the working area of the machine is often increased, which in turn leads to
negative consequences due to the resulting segregation and deterioration of uniformity indicators. On
the other hand, an unreasonable reduction in the time for the formation of a homogeneous mixture is
also a problem in the appearance of which there is a change in the recipe composition. Therefore, the
determination of the reasonable time for mixing the ingredients in the manufacture of compound feed is
an urgent task of modern production.
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Introduction. The task of the feed industry in the production of homogeneous in composition, feed
mixtures in accordance with prescription indicators. The industrial production of feed mixtures for
animals and poultry with strict adherence to regulatory requirements is based on this principle. The
production of a homogeneous homogeneous mixture is necessary in order that all nutrients are evenly
distributed in the final product and thus provide animals with the necessary substances for their industrial
use. It should be noted that the production of feed in industrial conditions may be more homogeneous in
the quality of the prepared mixture. The homogeneity of the prepared mixture is estimated in different
ways, the most common method of estimating the uniformity of mixing, received the method of
evaluation using the coefficient of variation. Warehouse transformation.

The ingredients included in the feed based on the recipe are due to their specific properties.
Considering the process of formation of the mixture, it can be considered as a total effect of the processes
whose implementation involves the formation of homogeneous in physical and mechanical parameters
of the products with a set of necessary components. The presence in the mixture of a nutrient or ingredient
(usually chlorine from salt) is used to assess the degree of dispersion of the components in the prepared
feed. The most common are recommendations for the coefficient of variation at which its values reach
less than 10 percent, which in turn indicates the quality of the mixture. This figure can be varied up to
20%, which may be sufficient for feed of various practical applications. In real production, mixing can
be described as the conversion of two or more ingredients into a homogeneous mixture. The process of
formation of the mixture is represented as the Kinetic energy provides the process of making a
homogeneous mixture. The main task of the mixing process is to make a homogeneous mixture of feed
components, which in turn leads to a uniform concentration of both ingredients and nutrients contained
in them. The quality of the products of the mixture depends on a number of factors that affect the final
performance of the products. As a rule, the homogeneity of mixing increases with the mixing time, but
the extra time spent in the working area of the machines can cause the effect of segregation, stratification
of components, which in turn leads to an increase in the rate of variation.

Problem. Study of patterns of change of phase state in the process of manufacturing compound
feeds.

Analysis of recent research and publications. It is known that the mixing time of the feed
components will depend on both the physical and mechanical properties of the ingredients and the design
features of the mixer used and the characteristics of the mixed ingredients. Constructive types of mixers
used in the production of feed have shown that the greatest mixing time to achieve a homogeneous
mixture is observed during the operation of vertical mixers in comparison with horizontal mixers. There
are recommendations, according to which vertical mixers require the time of preparation of the mixture

116



Agrarian Bulletin of the Black Sea Littoral. 2021, Issue 99

with uniform distribution of components should be at least 15 minutes, and when using a mixer of
horizontal design equipped with blades for mixing ingredients, the required time to form a mixture is
reduced to 7 minutes [1]. It should be noted the special preparation of the mixed ingredients due to the
fact that the pre-crushed products require processing to the same size, which in turn reduces the time to
manufacture a homogeneous mixture of animal feed. There are data according to which depending on
the accepted technology the improved indicators of mix can be received, so the sequence of the accepted
operation at primary loading of the mixer by the main components, secondary loading of additives in
compound feed and the final stage when loading the main components. The composition of the equipment
used for mixing feed is at least as diverse as the ingredients [2,3]. There have been many attempts to
reduce the concept of mixing to a series of engineering equations, thus facilitating the design of
equipment from a theoretical approach. The fact is that state-of-the-art mixing equipment, including
horizontal belt mixers, vertical screw mixers and drum mixers, has simply evolved on the basis of
historically successful designs without taking into account theoretical mixing data. For example, most
horizontal faucets have a length about three times their diameter, and a speed of rotation of 75-100 meters
per minute, regardless of diameter. The inner tape is usually 2.5 times the thickness of the outer tape to
balance the directed forces applied through the diameter of the tape. Given this discussion, it is easy to
estimate the complexity of the mixing operation at the manufacturing plant. However, this area seems to
be of little concern to most feed manufacturers - commercial or private. As regulatory requirements for
the homogeneity of additives increase and as the need to ensure uniform nutrient densities for genetically
excellent livestock, feed manufacturers will be interested in ensuring homogeneity through testing.

Purpose: evaluation of the homogeneity of mixing by one indicator, regardless of the principle of
operation and design of the mixer, processing mode, differences in the physical properties of the
components, mixed, depending on the processing time.

Research results. Based on the generalization of data on mixing mechanics, the mathematical
description determines the relationship between the parameters that characterize the mechanical motion
of particles under the influence of input factors, in accordance with the equations or probabilistic
properties of the process. With this representation of the process, it is possible to obtain characteristics
related to energy consumption, time and quality of mixing on the basis of various indicators that can be
taken as criteria for optimality. In this case, mathematical descriptions can be obtained both on the basis
of deterministic factors that cause changes in the position of particles in space, and using probabilistic
methods for estimating the physical properties of particles and their distribution in the working area of
the mixer. The criteria of optimality in both cases may be the same. The most homogeneous mixture can
be obtained by mixing components with the same or similar physical and technological properties. The
mixing process of a multicomponent polydisperse system of loose feed can be integrated by a random
process with discrete states and a continuous time tc. In this approach, the i-th state of the elementary
volumes is called Filling the e-th component of the bulk feed (i = 1,2,3, ..., n), where n is the number of
components of the feed mixture, and the state of the elementary volumes at time ts is predicted
probability system P1, P2, P3. The transition of elementary volumes from one state to another occurs
under the influence of certain flows of events. Analysis of the phase changes of the mixing process shows
that all probabilistic characteristics in the future depend only on the state in which this process is at this
point in time and does not depend on how this process proceeded in the past. The general scheme of the
mixing process is considered in relation to the polydisperse mixture, in which the geometric probabilities
are given at the initial moment t = 0.

Pi(0) = ai (i=1,2,3,...,n), (1)

where: n - the number of components of the mixture, which determines the homogeneity;

ai - parameters set by the initial conditions.

If Ksi is the density of flow of events that reflects the dynamics of the distribution of the
components of the mixture, is characterized by the probability P (tsi), then for the state of the system
without the return of flows, we can obtain the equation:
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Fig. 1. Changes in the phase state of feed.

Conclusions. The final mathematical description of the homogeneity of mixing when evaluated by
one indicator, regardless of the principle of operation and design of the mixer, processing mode,
differences in the physical properties of the mixing components can be represented by the equation

P — -k, 7
(T) ace (3)

where:t - is the mixing time.
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N3MEHEHUE ®A30BOI'O COCTOSIHUSA CMECUH KOMBUKOPMOB
JUJISA ZKHBOTHBIX U ITTULLBI
Hynapes 1., Ymuncekuii C., SlkoBenko A., Uyuyii B., Koponaskosa M., JImutpuena C.

B cnyuae ecnu npouzsoocmeennbiM yukiom onpeoeieHo pems HeOOCmamoyHoe 0Jisi 00CMUINCEHUS.
OOHOPOOHOU CcMecU, MO 3MO NPUBOOUM K USMEHEHUI0 DPeyenmypHo2co COCmaed, 4mo AGIsAemcs
HeOONyCmuMbIM NpUu KOPMIAeHUU Hcugommuvix. OnmumanvHoe 8pems CMewusanus Kax npasuio
onpeoensiemcs: IMIUPUYEKUMU OAHHbIMU HA OCHOBE MOHUMOPUHZAd cMecu u mecmupoganus. Pazmax
PEKOMEHOYEeM020 8PeMeHU CMeUUBAHUSL PA3TUYHbIMU MUNAMU CMecumenell Ha Ce200HAWHUL OeHb
umMeem 3HauUmenbHvle GeIUUUHbL U MONCEM CYUWECMBEHHO OMAUYamcs. Jis 00CmudiCenuss Haumyyuux
nokaszamenei no OO0CMUNICEHUI0 OOHOPOOHOCMU KOPMOBOU CMeCU Ol  HCUBOMHBIX 3AYUACHIYIO
VBeNUUUBAIOM 8PeMsl HAXO0JHCOeHUsi KOMHNOHEHMO8 8 paboyell 30He MAWUHbI, YMO 8 C8010 0uepeddb
npUBOOUmM K He2amuHviM MNOCIe0CMBUAM, BCIeOCMBUe GO3HUKAIOWel cespe2ayu, U YXyOuleHus
nokazamenei 00HopooHocmu. C Opye2ou CcmopoHvl HeoOOCHOBAHHOE COKpaujeHue 6pemeHu Ha
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obpazoeanue OOHOPOOHOU CMeCU maKdxice AGIAEMCA NPooOAeMOl NPU  BO3HUKHOBEHUU KOMOPOU
npoucxooum usmeHeHue peyenmyproeo cocmasga. llosmomy onpedenenue 000CHOBAHHO20 BpeMeEHU
CMEWUBAHUSL UHESPEOUEHMO8 NpU  U320MOBIEHUU KOMOUKOPMA ABIAEMCA aKMYAalbHOU 3adayell
COBPEMEHHO20 NPOUIBOOCTEA.

Knrwouesvie cnoea: kombuxopm, 8pems, cmeuiueanue, COCMmosnue, 0OHOpOOHOCHb.

SMIHA ®A30BOI'O CTAHY CYMILII KOMBIKOPMIB
JJIsI TBAPUH I TITAXIB
Hynapes U., Ymuncekuii C., SIkoBenko A., Uyayii B., Kopomskosa M., [Imutpiesa C.

YV paszi akwo 6upoOHUUUM YUKIOM BUSHAYEHO 4YAC HeOOCMAMHE O/l OOCACHEHHs OOHOPIOHOI
cymiwi, mo ye npuzeooumsv 00 3MIHU peyenmypHo2o CKIaody, Wo € HEeNPUnYCMUMUM HpU 200Y8aHHI
meapun. OnmumanbHull 4ac 3Miuly8anHs K NPAGUI0 8USHAYAEMbCA eMRIPUYHUMU OAHUMU HA OCHOBI
MoHImopuHey cymiwi i mecmyeants. Po3max pekomeH008aH020 4acy 3MIUYBAHHS PISHUMU MUNAMU
SMIUYBAUI8 HA CbOLOOHIWHIL OeHb MAE 3HAYHI GEIUYUHU I MOJce ICMOMmMHO GIOpi3HAmbCa. [
00CsCHEeHHS HAUKPAWUX NOKA3HUKIB N0 O0CACHEHHIO OOHOPIOHOCMI KOPMOBOI cymiuti Ol MEAPUH YACTO
30inbUYIOMb Yyac nepeby8aHHs KOMNOHEHMI8 6 poOOUill 30HI MAWUHU, WO 8 CEOI0 Yep2y NPU3800Ums 00
He2amuBHUx HAcC1iOKi6, BHACNIOOK BUHUKAE cezpeeayii, | NO2ipuleHHs NOKA3HUKI6 00HOpiOHocmi. 3
iHWO020 60Ky HeOoOIPYHMOBAHE CKOPOUEHHS YACy HA 0C8IMY OOHOPIOHOI CYyMIWI MAaKoxc € npoo.a1emoro
npu BUHUKHEHHI AKOI 8i00ysaecmuvcs 3MiHa peyenmypHnozo cknady. Tomy eusnauenHs oOIPYHMOBAHO20
yacy 3MIiUY8aHHs iHepeOiEHmi6 npu 6U20MOBIEHHI KOMOIKOPMY € aKmMYyaibHUM 3A80AHHIM CY4ACHO2O
8UPOOHUYMEA.

Knrwowuoei cnosa: kombikopm, yac, 3miuly8ants, CmaH, 0OHOPIOHICMb.
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