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AHHOTaNUA

B crathe paccMOTpeHBl TpPEMMYIIECTBA M HEAOCTATKH CYIIECTBYIOIIUX METOOB
unaeHTuUKanuu 1eeKToB CKOPIYIbl KYpUHBIX SIUIl. B HacTosiiee Bpemst JjIsl OIEHKU KayecTBa
CKOPJIYIIBI SIMI] HKCIIOJIB3YETCS MEXAHMYECKUE HM3MEPEHUs, ONTUKO — JIIEKTPOHHBIE METO/IbI,
aKyCTHUYECKHUU METOJI M OpraHojienTuyeckue MeToasl. [IpennokeHHbie MeTOAbI 00IaaI0T PSIIOM
HEJOCTaTKOB, OJHMM U3 KOTOPBIX SBJSETCS HEOOXOIWMOCTh HapylIeHHE LEeI0CTHOCTU
ckopiymbl. [lepcreKTHUBHBIM  HAmpaBICHUEM  SBISICTCS  HCCIEAOBaHHME W pa3paboTka
OCCKOHTAaKTHBIX METOJOB OMpEIeICHHS Je(PEKTOB CKOPIYIBI SUI[ C NMPUMEHEHHEM OITHKO-
AJIEKTPOHHBIX CPEACTB UACHTHU(PUKAIUU Ae(PEKTOB CKOPIYIBI BIUSIONINX HA BHIBOJUMOCTD SIUIL
U Ha KaUE€CTBO CTOJIOBBIX SIHII.

Kniouesvte cnosa: veron, uaeHTUPUKAIMSA, CKOpPIyMa, W10, Ne(EeKT, TpellruHa, Tps3b,
KpOBb, OBOCKOITUPOBAHHE, MPUOOP.

KyamaxamberoBa A.T., Anuxanos .M.

Kaszax ynmmuix acpapnvix ynusepcumemi, Anmamoi
K¥YMBIPTKA KABBIPIIBIFbIHBIH AKAYJIAPBIH COMKECTEH/IIPY O/IICTEPI

AHHOTALUSA

Makanaga TayblK KYMBIPTKAlapbl KaOBIPIIBIKTAPBIHBIH aKayJapblH COWKECTEHIIPY
omicTepi, COHBIMEH KaTap OJapAblH apTHIKIIBUIBIKTAPhl MEH KEeMIILTIKTEpl KapacThIPbUIFaH.
Kazipri Tanma >XyMBIPTKA KaOBIPIIBIFBIHBIH CamachblH aHBIKTAyABIH HETI31HeH YII Oici
KOJIJIaHBIIAbl: MEXaHUKAJIBIK OJIIICY, CIEKTPOCKOMUSIIBIK OJIIIeYy, OPraHOJEHTHKANIBIK SJICTep.
Y ChIHBUIFAH OJicTep OipKaTap KEMINUTIKTepre ue, ojapAblH Oipi KaOBIpIIBIK OYTIHAITIH O0Y3y
KaxeTTiniri. JKyMmpIpTKanap HIBIFapbUIBIMBIHA JKOHE a3bIKTHIK JKYMBIPTKAJap carnachlHa dcep
€TeTIH KaOBIPIIBIK aKayJdapblH COWKECTEHAIpPYyre apHalfaH ONTUKAIBIK — JJIEKTPOHIIBIK
Kypangapasl KOJJaHYMEH KYMBIPTKalap KaOBIPIIBIFBl aKaylapblH aHBIKTAYAbIH >KaHACYCHI3
OMICTEPIH 3EPTTEY KOHE d3IpJiey MEPCIEKTUBTI OAFBIT OOBINT TAOBLIA B,

Kinm co30ep: onic, colikecTeHIIpy, KaOBIPIIBIK, KYMBIPTKA, aKay, >KapbIKTap, JacTaHy,
Kypai.
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THE SUBSTANTIATION OF THE METHOD FOR DETERMINATION OF THE EGG
DENSITY BY INDIRECT METHOD

Annotation

In the article considered methods of determination of egg density by direct and indirect
way. For substantiate the reliability of the indirect method for determining egg density carried
out experimental studies of the size-mass characteristics of eggs by hand and using an automated
optic-electronic installation.

Researches have shown that the most accurate calculation of the indirect density is made
through the indirect volume and the measured mass, the average absolute error was 0.017 g / cm’
compared to direct measurements. In this case, the time taken to determine the density of one
egg is 15 seconds, which is 6 times faster than the direct method using a hydrometer.

Key words: eggs, incubation, density, volume, dimensions, eggs area, stationary automated
installation, sorting machine, productivity.
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Introduction

An egg represents the egg cell of a bird supplied with nutrients. The vitellus is formed in
the ovaries - the yolk, and the protein and the shell are formed in the oviduct. Thus, the quality of
the yolk (mass, density, consistency), that forms before a thorough egg formation, is affected by
the feeding ration and the conditions of poultry management. In the chicken eggs the protein is
56-58% and its average density is 1,045 g/em’, yolk is 30-32%, the average density is 1,028
g/em’, the shell is 10-14% of the total weight, the average shell density is 1.5 g/cm’. Their ratio
and density for different crosses of chickens are different, and it also depends on the conditions
of the poultry management. Each component of the egg has its own density, which can be
different for each egg that affects the incubation and quality of the marketable egg. For example,
eggs with a high density of the shell are unsuitable for incubation because they do not pass
nutrients and air to the embryo. Eggs with a low density of protein have a low nutritional value.
Thus, the density of the egg characterizes its freshness and the thickness of the shell, whereby it
is an indispensable indicator of the quality of both hatching and marketable eggs.

A fresh full-fledged egg has a density of 1.085-1.1 g/cm’ or more. According to sanitary
and hygienic requirements hatching eggs should have the following density for successful
incubation: of not less productivity than 1.08 g/cm’ for hens for the purpose of farming eggs and
not less than 1.075 g/cm’ for the purpose of farming meat. Eggs with a low density reduce
hatchability to 17% [1].

Before determining the egg density by a direct method, salt brines of various
concentrations are created using a hydrometer. If the egg, immersed in one of the solutions, is in
a suspension state (does not sink and does not float), then its density corresponds to the density
of the solution.

Density is also determined by another method: two-fold weighing of the egg (or the whole
egg sample) first in the usual way, and then in distilled water at a temperature of 20 °. The
difference between the parameters of these values is equal to the volume of the egg (cm’), and
the mass (in air) divided into the volume gives the egg density (g / cm’) [2].

Thus, the process of determining the density of eggs is laborious and takes considerable
time when sorting eggs, so in the poultry plants it is not important to determine the density of all
eggs, but those for the control lot.

Materials and research methods

The eggs of the cross "Loman-White" were taken as the test material in different masses
and in a quantity of 60 pieces, stored for not more than 3 days.

The experiment was conducted in several stages. First, all the eggs were weighed on the
DX-240 laboratory scales with an accuracy of 0.01 g, Figure 1.
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Figure 1 — Weighing eggs on the DX-240h scales

After that, the volume of the egg was determined. It was determined with the help of
measuring flask with a division value of 0.1 cubic centimeter by a direct method according to
Archimede's principle, Figure 2.

Figure 2 — Determination of egg volume according to Archimede's principle
At the third stage of the experiment, containers with different strengths of salt brine were

prepared in the range from 1.07 to 1.10 g/cm’® with a division interval of 0.00025 g / cm’, the
density of the solution was measured by the hydrometer, Figure 3.
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Figure 3 — Salt brine with a density of 1,085 g/cm’

The density of each egg is determined by the consequetive immersion of eggs in the salt
brines of different density.
The geometric parameters of eggs (S, L, D, d) on a stationary electrooptical installation, which
consists of a video capture device (digital camera) mounted on a tripod, a personal computer
with a developed capture program and analysis of images and a black matte surface on which an
egg is mounted. [3].

Attained results are included in the table for subsequent calculations and statistical
processing.

Thus, according to the geometric parameters of the egg, the mass of eggs is determined
indirectly using the formula proposed in [4]:

m = 0.0399 *S — 15.166, g (1)
here m — a mass of the egg; S — an area of longitudinal section of the egg;
To determine the volume by an indirect method, the formula proposed in was used [5]:
Veg = 0.641 %S+ d, cm’ )

here Vi — a volume of the egg; S — an area of longitudinal section of the egg; d — a small
diameter of the egg.

According to the results, calculations of the egg density were made by indirect means, the

indirect egg volume through experimental measurements of weight and measured egg volume
through the indirect mass:

py = 5 glem’ 3)
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pm = =5, glom’ )

All the attained results are verified and it was figured out the absolute error for each
method of density measurement in comparison with the real density of eggs.

The attained results are processed by methods of variational statistics in the program
Statistica 12.

Research results

Based on the results of the experimental study, the values of mass, volume and the egg
density were measured, the scale of longitudinal section, perimeter, large and small diameter of
eggs and also their shape coefficient were measured on an automated electrooptical installation.
By direct method using a hydrometer, time taken to measuring the density of 60 eggs was 90
minutes.

Time spent for determination of the indirect density of 60 eggs using an electrooptical
installation was 15 minutes.

On the basis of the proposed formulas 1 and 2, the indirect values of the mass and volume
the of the egg are calculated, and also obtained the values of the reference density the measured
mass (M) through the indirect volume (Vy) and the measured volume (V) through the indirect
mass (My), table 2

Table 2 — Results of indirect determination of density in comparison with measured one.

Measured values Indirect values Absolute error

Ne M v p M Vs pv Pm P-Pm p-pv
1 54,62 50,1 1,0900 56,10 50,51 1,1198 | 1,0814 0,030 0,009
2 57,00 52,5 1,0850 58,52 52,13 1,1147 | 1,0935 0,030 0,009
3 57,24 53,0 1,0800 59,13 52,57 1,1157 | 1,0889 0,036 0,009
4 57,44 53,6 1,0725 60,41 53,56 1,1270 | 1,0724 0,054 0,000
5 58,16 53,4 1,0900 59,56 53,13 1,1153 | 1,0947 0,025 0,005
6 58,51 54,2 1,0800 60,04 53,20 1,1077 | 1,0999 0,028 0,020
7 58,57 53,6 1,0920 60,08 53,90 1,1209 | 1,0867 0,029 0,005
8 58,60 54,0 1,0850 59,06 53,31 1,0938 | 1,0991 0,009 0,014
9 58,79 54,6 1,0775 60,07 52,71 1,1002 | 1,1153 0,023 0,038
10 59,04 54,6 1,0800 60,85 54,06 1,1145 | 1,0921 0,035 0,012
11 59,36 54,9 1,0825 60,40 53,14 1,1001 | 1,1171 0,018 0,035
12 59,37 54,3 1,0925 60,43 54,08 1,1129 | 1,0979 0,020 0,005
13 59,39 55,0 1,0800 61,24 53,15 1,1135 | 1,1174 0,033 0,037
14 59,43 55,0 1,0825 60,97 53,58 1,1085 | 1,1092 0,026 0,027
15 59,77 55,1 1,0850 60,78 54,55 1,1030 | 1,0958 0,018 0,011
16 60,12 55,5 1,0825 61,16 53,45 1,1020 | 1,1248 0,019 0,042
17 60,32 56,2 1,0750 60,30 54,99 1,0730 | 1,0970 0,002 0,022
18 60,47 55,7 1,0850 61,75 54,17 1,1087 | 1,1163 0,024 0,031
19 60,57 55,2 1,0950 60,84 54,03 1,1022 | 1,1211 0,007 0,026
20 60,58 55,8 1,0850 61,11 55,84 1,0952 | 1,0848 0,010 0,00001
21 60,67 56,1 1,0800 62,27 55,34 1,1100 | 1,0964 0,030 0,016
22 60,78 55,6 1,0925 62,70 55,63 1,1276 | 1,0926 0,035 0,00001
23 61,12 56,6 1,0800 61,77 55,40 1,0913 | 1,1033 0,011 0,023
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24 61,32 56,6 1,0825 62,78 55,71 1,1091 | 1,1007 0,027 0,018
25 61,38 56,4 1,0875 63,40 56,40 1,1241 | 1,0882 0,037 0,001
26 61,47 56,3 1,0925 61,73 55,20 1,0964 | 1,1135 0,004 0,021
27 61,51 56,8 1,0825 62,32 55,65 1,0972 | 1,1052 0,015 0,023
28 61,69 56,5 1,0925 61,98 55,40 1,0970 | 1,1136 0,004 0,021
29 61,72 56,9 1,0850 62,34 56,15 1,0955 | 1,0992 0,011 0,014
30 61,89 57,0 1,0850 62,27 56,42 1,0925 | 1,0969 0,007 0,012
31 62,08 57,4 1,0800 63,93 56,96 1,1137 | 1,0898 0,034 0,010
32 62,64 57,4 1,0900 62,79 57,11 1,0938 | 1,0969 0,004 0,007
33 62,96 58,1 1,0850 63,41 57,04 1,0915 | 1,1039 0,006 0,019
34 63,00 58,0 1,0800 64,86 56,75 1,1183 | 1,1101 0,038 0,030
35 63,52 58,7 1,0825 63,46 57,64 1,0811 | 1,1020 0,001 0,020
36 64,20 59,2 1,0850 65,25 57,19 1,1022 | 1,1226 0,017 0,038
37 65,00 59,5 1,0925 64,08 58,03 1,0769 | 1,1202 0,016 0,028
38 65,03 60,0 1,0850 64,74 58,63 1,0790 | 1,1091 0,006 0,024
39 65,50 60,5 1,0825 66,97 59,75 1,1069 | 1,0963 0,024 0,014
40 66,18 61,0 1,0850 66,38 59,75 1,0882 | 1,1076 0,003 0,023
41 66,32 61,0 1,0850 65,30 59,94 1,0705 | 1,1064 0,014 0,021
42 67,65 63,1 1,0725 68,36 61,35 1,0833 | 1,1026 0,011 0,030
43 68,33 62,9 1,0875 68,51 62,14 1,0892 | 1,0996 0,002 0,012
44 68,73 63,4 1,0850 69,53 61,81 1,0966 | 1,1120 0,012 0,027
45 69,04 64,3 1,0750 68,40 62,36 1,0637 | 1,1071 0,011 0,032
46 70,08 65,0 1,0800 69,82 63,42 1,0742 | 1,1050 0,006 0,025
47 70,15 64,6 1,0850 70,09 63,74 1,0850 | 1,1006 | 0,00002 0,016
48 70,19 65,0 1,0800 69,47 63,45 1,0688 | 1,1062 0,011 0,026
49 70,19 64,7 1,0850 69,51 64,44 1,0743 | 1,0891 0,011 0,004
50 70,36 65,1 1,0825 69,22 64,54 1,0634 | 1,0903 0,019 0,008
51 70,65 65,3 1,0800 71,59 63,83 1,0964 | 1,1069 0,016 0,027
52 71,12 66,0 1,0800 70,18 66,11 1,0634 | 1,0758 0,017 0,004
53 71,63 66,7 1,0775 70,07 65,74 1,0505 | 1,0896 0,027 0,012
54 72,02 66,6 1,0800 70,76 66,56 1,0625 | 1,0821 0,018 0,002
55 72,12 66,5 1,0850 70,07 66,88 1,0537 | 1,0783 0,031 0,007
56 72,51 67,1 1,0800 72,58 66,11 1,0817 | 1,0969 0,002 0,017
57 73,26 67,8 1,0800 71,70 67,29 1,0575 | 1,0888 0,022 0,009
58 73,39 67,7 1,0850 71,66 67,26 1,0585 | 1,0912 0,026 0,006
59 74,44 69,0 1,0800 75,06 68,42 1,0878 | 1,0880 0,008 0,008
60 78,00 71,8 1,0850 77,25 72,29 1,0759 | 1,0790 0,009 0,006

Based on the results of the obtained values, the statistical processing of the data was
carried out, as the result of which it was revealed that the minimum absolute error of the indirect
density values through the calculated mass was 0.00002 g / cm’, the maximum was 0.054 g /
cm’, the average value was 0.018 g / cm’. The values of the minimum absolute error of the
indirect density values through the calculated volume were 0.00001 g/cm’, a maximum of 0.042
g/cm’ and an average value of 0.016 g/cm’ in comparison with the measured data.
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As it is apparently seen in attained results, the calculation of the indirect density through

the measured mass and calculated volume give more accurate density results. Thus, the optimal
density determination formula by an indirect method will be:

m m 3
=—=——"— 9/cm 5
Pv Vsd  0.641%Sxd’ g ©)

here m — a measured mass; S — an area of longitudinal section of the egg; d — a small diameter of
the egg;

Conclusion

The following conclusions can be drawn from the results of the research:

1. Time to determine the density of 60 eggs with the indirect means using an electrooptical
installation is 15 minutes or 15 seconds per egg, which is 6 times faster than a direct method
using a hydrometer.

2. Experimental measurements of the volume of 60 eggs by a manual method using the
measuring flask and the hydrometer were carried out, and a mathematical calculation of the
density of those eggs was carried out in two ways: an indirect volume - a measured mass and an
indirect mass - the volume measured by five known formulas. The results of comparison of
calculated density values showed that the most accurate calculation of the indirect density is
made through an indirect volume and the measured mass, the average absolute error was 0.017 g
/e’

3. The experimental researches that are carried out on the automated installation allowed
to determine the values of the area and perimeter of each egg. The obtained values are used to
calculate the indirect value of the volume in the proposed method and the density through the
measured mass and the indirect value of the volume. A formula for determining the indirect
density value is proposed:

m

= = n /em®
Pv = U5d T veatesea’ &
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MouanaxkanoB A.K., AnuxanoB /.M., KyamaxamoeroBa A.T.

Kazaxcruu nayuonanvnvii azpapuuiii ynueepcumem

OBOCHOBAHUME METOJIA OITPEJEJIEHUA INIOTHOCTU AUl KOCBEHHBIM
CIIOCOBOM

AHHOTANUA

B crathe paccMoTpeHBl METOABI OMpPEAENeHUs IUIOTHOCTH SIHIa MPSMBIM U KOCBEHHBIM
criocoboMm. J[si 000CHOBaHMSI JOCTOBEPHOCTH KOCBEHHOTO METO/A OMpEETICHHS TJIOTHOCTH
SI1Ia TPOBEJICHBI AKCIEPUMEHTAIIBHBIE HCCIIEA0BAHUS Pa3MEPHO-MACCOBBIX XapaKTEPUCTUK SHI]
PYYHBIM CIIOCOOOM W C HCIOJb30BAHUEM aBTOMATH3MPOBAHHOW OITHKO-3JIEKTPOHHOM
YCTaHOBKH.

UccnenoBanusi moka3nmu 4TO, HauMOOJEe TOYHBIM pacueT KOCBEHHOM IUIOTHOCTH
MPOU3BOIUTCS dYepe3 KOCBEHHBIH O0BbEM U HU3MEpPEHHYI0 MacCy, CpefHssi aOCOoNoTHas
norpemHocts cocrasuiaa 0,017 r/em’ 1o CPaBHEHHUIO C MNpsIMBIMH H3MepeHusMu. lIpu sTom
BpeMsl, 3aTPAYEHHOE Ha ONpEe/IeJI€HUE TUIOTHOCTH OJHOTO siila, cocTaBisier 15 cekyHn, uto B 6
pa3 ObICTpeii MPSIMOTO Crtoco0a ¢ UCIIOIB30BAHUEM aPEOMETA.

Kniouesvle cnosa: siina, wHKyOanus, TUIOTHOCTh, OOBEM, pa3Mephl, IUIOIMIAIhL SHII,
CTallMOHapHasi aBTOMaTUYeCKasl yCTaHOBKA, COPTUPOBOYHAS MAIlIMHA, POU3BOJUTEIHHOCTbD.

MouanaxkanoB A.K., AauxanoB /.M., KyamaxamberoBa A.T.

Kazax ynmmuix acpapnvix ynusepcumemi
XK¥YMBIPTKA ThIFbI3AbIFbIH KAHAMA TOCUIIMEH AHBIKTAY SAICIH HET'T3IEY

AHHOTALIUA

Makanana *KYMBIPTKA THIFBI3JIBIFBIH TIKEJICH JKOHE )KaHaMa TOCITIMEH aHBIKTay oaicTepi
KapacThIpbUIFaH. JKYMBIPTKA THIFBI3JIBIFBIH KaHaMa OJICTICH aHBIKTay HAKTBUIBIFBIH HETi37ey
YIIIH SKYMBIPTKAJapAblH OJIIEMIIK — CaJMaKTBIK CHIIaTTaMallapblHA KOJI OJICIMEH JKOHE
ABTOMATTAHABIPHUIFAH ONTHUKO — OJJIEKTPOHABI KOHIBIPFBIHBI KOJJAAHYMEH JKCIEPUMEHTTI
3epTTeyJep KYprizuiil.

3eprTeyniep jKaHaMa THIFBI3IBIKTBIH JIOJ €CenTeMeci »aHama KeJieM MEH OJIIICHTeH
caJMarbl apKbUIbI MIBIFAPBUIATHIHABIFBIH KOPCETTI, OpTalia abCOMIOTTI KaTeIK TIKEJIeH oJIey
omicimen camsicteipranga 0,017 r/em® kypazsl. COHBIMEH KaTap, Oip sKYMBIPTKA THIFBI3IBIFBIH
aHBIKTAyFa KETKEH YaKbIT 15 CeKkyHJ, SFHH apeoMeTp KOJAaHBUIATHIH TIKeJeH oicTeH 6 ece
JKBIIIAM.

Kinm ce30ep: >XyMmpIpTKajap, WHKyOalus, THIFBI3IBIK, KOJEM, OJIIeMIep, >KYMBIPTKa
ayJlaHbl, CTAIIHOHAPIIBIK ABTOMATTHI KOHBIPFHI, CYPHINITAY MAaIIHHA, OHIMJILITIK.
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