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3ACTOCYBAHHA MIKPOCKOIIIYHOI'O METOY
JJIA JUCITEPCIMHOI'O AHAJUII3Y XAPYOBHUX ITOPOIIKIB

ML.L. IMoroxux, I.M. [1aBmok, A.O. bopucosa,
O.I'. AbsikoB, A.B. 3atyna

Tlooano 0oun i3 memoodie Oucnepcitino2o ananizy — MiKpOCKORIYHUL Memoo
015l NiOBUWEHHS MOYHOCMI OAHUX | NOPIGHANbHUL AHANI3 ONUCAHO20 Memoody 3
IHWUMU  RORYISApHUMU Memooamu. Memoo mikpockonii 0o36ons€ ananizyeamu
ocobnueocmi opmu, mexcmypu ma CmMpyKmypu HOBEPXHI pO3TAHYMUX 3DPA3KIE
npooosonvuoi cuposunu. Lleti paxm mae eenuke 3HauenHs MoOi, KOMU NOPOWKU
BUKOPUCTNOBYIOMbCSL 6 NOOANLWOMY Ol OMPUMAHHA — XIMIYHO — AKIMUBHUX
2€MEepPOeHHUX ~Ccymiuieli, 5Ki 3aCMOCOBYIOMbCA 6 XAPHYOoBill NPOMUCTIOB0CHI.
3uaiioeno onmumanvHull Po3mip YACMUHOK | HAUOLIbUW ONMUMATILHI ANPOKCUMYIOUL
KpUsi OJist NOPOWIKIG PI3HO20 CYyNneHst OUCNepPCi.

Knrwuosi cnoea: mixpockoniunuii memoo, OUCHEpCisi NOPOWIKis, aHauiz
3HIMKI6 NOPOWIKI6, Ougepenyitini hyHKyii po3nooiny.

HNPUMEHEHUE MUKPOCKOIINMYECKOI'O METOJA
JJIA JUCITIEPCUOHHOI'O AHAJIN3A ITUIIEBBIX ITIOPOIIKOB

H.N. lloro:xux, U.H. IlaBaiok, A.A. bopucosa,
A.T'. IpsikoB, A.B. 3atyna

Ilpeocmasnen  00un  u3  MemoOO8  OUCNEPCUOHHO20 — AHAIU3A — —
MUKPOCKONUYECKULl MemoO O NOGblULeHUs MOYHOCMU OAHHBIX U CPABHUMENbHBII
aHAIU3 ONUCAHHO20 Memooa ¢ Opyeumu NOnYIsApHeiMu memodamu. Memoo
MUKPOCKONUYU NO360J5eM  AHATUSUPOBAMb OCOOEHHOCTU (POpMbl, MeKCmypsbl U
CMPYKMypbl  NOBEPXHOCMU PACCMAMPUBAEMBIX  00pA3YO8 NPOO0BOILCHIBEHHO2O0
coipbsi. dmom ghpakm umeem OOIbUIOE 3HAUEHUE 6 MeX CIYUASX, KO20d NOPOUKU
ucnonv3ylomes 6 oanvHeliuem O NOAYHeHUs XUMUYECKU AKMUGHbIX 2emepO2eHHbIX
cmecell, KOmMopvle NPUMEHSIOMCA 6 Nuwesol npomviuienHocmu. Hatioenvl
ONMUMANbHBIIL pazmMep 4acmuy u Hauboree ONMuUMAIbHble ANNPOKCUMUPYIOUjUe
Kpugvle 05 NOPOUWKOB PA3IUYHOU OUCHEPCUl.

Knioueevte cnosa: muxpockonuueckuii Memoo, OUCHEPCUs NOPOUIKOB,
AHAU3 CHUMKO8 NOPOWK08, Jughpepenyuanvhvle yHKyuu pacnpedeneHus

© Tlorosxkux M.L, Tamok LM., Bopucosa A.O.,
HesixoB A.T'., 3atyna A.B., 2016
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USAGE OF MICROSCOPIC METHOD TO ANALYZE
DISPERSION OF FOOD POWDERS

M. Pogozhikh, 1. Pavliuk, A. Borysova, A. Dyakov, A. Zatula

The relevance of this work relates to the problems of dispersion systems
investigation and improvement of the experiment accuracy. These problems’
solution requires new experimental methods. Trends of modern science, its
orientation to new technologies require a differentiated approach to conducting
experiments and training. Using the latest experimental methods is intended to
provide clear and sufficiently accurate results that can be used in the future. In this
regard, the authors of the article discuss the goals, objectives and requirements
posed to the experimenter working in modern science.

This article presents one of the methods of dispersive analysis for improving
the data accuracy and comparative analysis of the described method with other
popular methods of mathematical statistics.

The methods of dispersive analysis are widely used for food raw material
analysis. There are several methods of dispersive analysis at the modern stage of the
development of science. A microscopic technique allows analyze the shape, texture
and surface structure of the considered samples of food raw materials. This fact is of
high importance in cases, when the powders are used for further preparation of
reactive heterogeneous mixtures, which are used in food industry. The calculation
of dispersion for modelling powder sample is shown and the optimal size of its
particles is determined. The most optimal approximating curves for powders of
different dispersion are chosen.

The authors of the article give a number of conclusions and
recommendations for the analysis of food powders.

Keywords: microscopic method, dispersion of powders, screen analysis of
powders, differentiated distribution function.

Statement of the problem. Microscopic method differs from other
methods by the possibility not only to define geometrical dimensions of the
analyzed objects, but also to see the features of their form, texture and surface
structure. The last fact is of high importance in cases, when powders are further
used for the preparation of reactive heterogeneous mixtures, which are used in
food industry. Microscopic method allows to measure particles of
0,3-100 micrometers in dimension. The disadvantage of microscopic method is
its high laboriousness. Reliable results of particles determination by microscopic
method can be derived only by measuring several hundreds of particles.
Consequently, duration of microscopic analysis could take several hours. This
disadvantage is easily eliminated by means of modern computer technologies.
Application of the computer techniques allows both to evaluate rapidly the
average dimension of the particles of powder, and to define parameters of the
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distribution law describing dispersed composition of the powdered food raw
material in the best possible way [1; 2].

The objective of the research. The purpose of the research is to develop
methods of calculation of powders’ dispersion and to select the most optimal
variant of approximating function for powders with different dispersion.

Presentation of the research material. To define dispersion of
particles it is necessary to prepare the samples in a special way. The pattern of the
powder is carefully mixed in full volume, and then a needle moves the sample on
a slide with a water drop, which disperses. The particles of the sample are
uniformly allocated on the drop and are covered with cover glass. The cover glass
is carefully pressed to the sample to make monolayer of particles in the sample.
After this, microphotographs are taken.

To describe the dispersed composition of powders four equations are used:
Goden-Andreev equation, Rozin-Rammler equation, normal (ND) and lognormal
distribution law (LND) [3]. Goden-Andreev equation derived under the
generalization of the results of particle size analysis of powders disintegrated on
various industrial equipment is the following:

5 I
D(5)= 0,8[—] , (1)
A

where D () is an integral function of distribution, & — size of particles,
A — constant, parameter 1 characterizes direction and rate of inflection of
distribution curve: if 1 = 1 curve changes to straight line; if 1 <1 curve D (3)is
convex; if1> 1 curve D () is concave.

After the differentiation of its relative distribution function, the following
comes out:

o(6)=08-1.-47".s"71. Q)
In Rozin-Rammler equation, [1] distribution curves according to screen
analyses’ data, can be expressed by the formula:

D(6)=1 _exp[_ (%ﬂ , )

where A and B are constants, easily defined in logarithmic form of this equation
according to data of the research.

As a result of previous equation density of mass distribution by diameters
is defined by formula [4]:

oo)-4(2)"oa (3| @



If A<1 and 6 — 0, distribution density ¢ (8) — o, though D (3), if =0,
stays finite. Therefore, if A < 1, the formula (4) doesn’t give correct description of
the distribution of very small fractions. Normal distribution is normal Gaussian
function, which looks like:

D(5)= ! ? exp[— w}5 , ©)

20

where 6S0 is median of distribution; 6 — mean-square of deviations of diameters
from their mean value. Differentiation of distribution function D (8) by 6 provides
distribution density function:

1 (5—5so)2 1
5 = X — =—F Py 6
o) e -2 L, o
where 0 < 6 < o,
F(t)z;exp 2 , @)
N2rw 2

where t is normalized quantity normally distributed, which can be found in
reference literature.

Lognormal distribution is obtained, if the argument in normal Gaussian
function substitutes not the particles’ diameter, but logarithm of diameter. LND
function looks like:

(n(6)-1n(550) |,
21n2(0')0 }dl (5) ’ ®

where S0 is a distribution median; In(c) — mean-square mediation of logarithms
of diameters from their mean value. Differentiation of distribution function D (8)
by & results in relative distribution function:

~ 1 ~ (In(8)-1n(s50))* | 1 t
(/J(5)— \/%'5-1n(6)exp[ 21n2(GS)0 ]_ \/5'6'1n(6)F( )’ ©
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where 0 < & < oo, If distribution of particles’ mass by dimensions follows
lognormal law, then it will also be followed by the distributions of quantity and
specific surface area of particles by dimensions [5; 6].

Obtained from food raw material, the powders of different dispersion
are studied by means of USB Digital Microscope. After removing the
microscopic bar, the division value of microphotography is obtained. At least
five fields from different angles of vision are shot for each sample. With photo-
editing program PhotoM 1.21, linear dimensions of particles are defined. The
results are presented in table 1.

Table 1

Number of particles of different dimension in food raw material

powders with various dispersion during grinding

Intervals 2 min. 5 min. 8 min. 12 min.
0 1 1 3 2
1 7 14 8 6
2 14 17 11 13
3 17 25 14 16
4 19 16 26 27
5 16 13 21 19
6 12 11 15 14
7 6 5 6 6
8 4 3 4 4
9 2 2 2 2

In this table, the columns (except the first one) respond to the
powders of different dispersion, rows — to the number of particles of
different dimension. The highest dispersion has the powder in the fourth
column, and the lowest — in the second. Our calculations started from the
last one. First, the percentage of the particles of different dimensions is
found by the formula [7]:

data "
= e
Z data |

According to the formula (2), we divide the amount of particles of
the defined dimension by the total amount of particles and multiply by
100%. By the formula:

-100% - (10)

ZQ:QO +Q1 +... (11)
Integral function of distribution is build:
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Fig. 1. Integral distribution function for powder 2 min

Then using Mathcad software environment, we build differentiating
distribution function.
Conclusion. After the analysis of different methods for the determination of
the powders’ dispersion, microscopic method is selected for the study of
food raw material for powders, which allows to obtain much information
about the features of shape, texture and surface structure of the observed
samples of food raw materials. The study of modeling samples of food raw
materials of various grinding allowed to develop a method of calculating the
dispersion of food powders. In the analysis obtained during the experiment
of dispersion curves selection of the most rational approximation curves for
powders of different dispersion was carried out.

23

a0

Fig. 2. Differentiating distribution function against the background
of experimental discrete histogram pointing out amount of particles
of different dimension (for powder 2 min)
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From our point of view, a comparative analysis of two pairs of food
powders with significantly different dispersion was appropriate.
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JOCIIIKEHHA JUCIIEPCHUX CUCTEM
JJIsA CTBOPEHHSA NOJIKOMIIOHEHTHUX ®APIIEBUX MAC

JLII. Kpamapenko, H.I. I'ipenxo, B.B. /Iy

Hasedeno pesyiomamu  excnepumeHmanbHux OOCHIONCEHb PeonoiUHUX
eracmusocmeli OUCNEPCHUX cucmem O/l CMEOPEHHs. NONIKOMNOHEHMHUX (hapuiegux
mac. Ompumano 3anexiCHOCHi OCHOBHO20 PeoNoSiuH020 NOKA3HUKA 05 ghapuiesoi
cucmemu — epanuyHol Hanpyeu 3¢cygy. Jociodceno 3MiHu SpaHudHOT Hanpyau 3Cy8y
810 3MIHU CNIBGIOHOWIEHHSI KOMNOHEHMIS.

Knrouosi cnosa: oucnepcna cucmema, anpyaa 3cygy, gapuiesa macad.

HNCCIIEJOBAHHUE JUCIIEPCHBIX CUCTEM
JJIA CO3JAHUA ITIOJIMKOMITIOHEHTHBIX
®APHIEBBIX MACC

JLIL. Kpamapenko, H.H. I'mpenxko, B.B. [1y0

Tpusedenvi pe3yibmamol IKCHEPUMEHMANLHBIX uccnedosanutl
DEONO2UUECKUX CBOUCME OUCNEPCHBIX CUCmeM OJii CO30aHUsL NOTUKOMHOHEHNHbIX
Gapuesvix macc. Tlonyuenvl 3a6UCUMOCIU OCHOBHO20 PEONOSULECKO20 NOKA3AMES,
onst apuwiesvix cucmemvl — npedeivbHO2O HanpsidceHus cosuea. Hccrnedosarvl
UBMEHEHUs. NPedelbHO20 HANPAJNCEHUs CO8Ued OM  UBMEHEHUs COOMHOWEHUS.
KOMNOHEHMOS.

Knrouegvte cnosa: ducnepcHas cucmema, HAnNpsjiceHue cosued, gapuiesas
Mmaccea.

THE STUDY OF DISPERSE SYSTEMS FOR CREATING
MULTI-COMPONENT STUFFING MASSES

D. Kramarenko, N. Hirenko, V. Dub

Knowledge of basic rheological indicators forming a structure of semi-
finished and finished food products, allows us to properly assess their quality, in a
timely manner to ensure the control and regulation of technological processes in
various stages of production.

© Kpamapenko JI.I1., 'iperko H.1., 1y6, 2016 B.B.
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