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Investigation and optimisation of the functioning parameters
of the milking machine electronic unit, diagnosing the state
of the udder quarters of cows for mastitis
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The article informs on the search of values of setting the parameters of electronic unit of the milking machine providing
the current control of physiological state of udder quarters during milking. The milking machine is equipped with electrode
sensor for quarterly control of the lactation intensity. A rotatable plan was used in the studies on a hexagon for two factors.
The influence of delay duration of measuring and the duration of search for maximum on relative values of average yaver
and maximum ymax deviations from minimum voltage value at the lower voltage divider arm has been determined.
The algorithm of the program for the functioning of the electronic unit provided for restrictions on the width A = 0.03 s and
height Un = 2.45 V of the lactation diagram. There were experimentally determined the values of the duration of the measure-
ment delay 10 s and the duration of the search for the maximum 40 s, which ensure an adequate quarterly indication of mastitis
during milking. The threshold for changing the colour of the LEDs of the electronic unit from green to red, signalling inflam-
mation of the mammary gland in the quarters, is set to exceeding ymax > 5 %. Parallel samples of milk from the udder quarters
for the kenotest confirmed the efficiency of application and expediency of the milking machine, performing the function of
quarterly testing of the quarters for mastitis. Providing the option of quarterly control of udder quarters by milking machine
does not need correction of the basic circuit of electronic unit and is achieved only by its programming considering physiological
features of livestock kept. The results of investigations indicate that, on average, for healthy cows, the range of variation of the
maximum relative voltage deviation on the lower divider of the electronic unit should not exceed 6...10 %.
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HccAaenmoBaHHE H ONITHMH3allHA NapamMeTpPoB GyHKIIHOHHPOBAHHSA
3A€KTPOHHOro 0DAOKAa AOMABHOIO anmnapaTa, AHAarHOCTHPYIOILETO
COCTOsIHHE YeTBepTeH BhIMEHH Ha MACTHT

© 2022.I1. A. CaBKHBIXlE, A. A. PeinoBl, B. H. lllyaaTseB!, C. A. HBaHOB?
1PI'BHY «DedepanvHulil azpapHblil HayuHblil yenmp Cegepo-Bocmoka

umeru H. B. Pyoruuyrkozo», 2. Kupos, Poccuiickas dedepayus

2Alameuiickuil yHugepcumem ecmecmaeHHblX HayK U mexHoaoaull, 2. Puea, Aameus

Cmambusn noceauiena NOUCKY 8eTUYUH HACHIPOEK NAPAMENPOE INEKMPOHHO20 010KA 00UNbHO20 annapama, obecne-
YUEAIOWE20 MEKYUUIl KORMPOb 60 6pems 00eHUsl HA0 u3uoN0ZUUeCKUM COCmOoanuem Yemeepmeli evimenu. /JounbHulil
annapam ocHauieH NeKmMpPoOHbIM OAMYUUKOM ROUEMEEPMHO20 KOHMPOIs UHMEHCUBHOCIU MOJIOKO8bléeoenus. B uccneoo-
6AHUAX NPUMEHEH NOYmU POMAmadebHblil NIAH HA WeCMUY20IbHUKe 013 08X (hakmopos. Onpedeneno enuanue Ha OMHO-
cumenbHble 8eIUYUHBL CPEOHEZO Yep U MAKCUMATILHOZO Yimax OMKIOHEH UL OM MUHUMAIbHOU eTUYUHBL HARPANCEHUI HA HUIC-
Hem nieve Oeslumeisi HANPAICEHUsL OJIUMETbHOCHIU 3A0EPICKU USMEPEHULL U RPOOOIICUMENIBHOCIU ROUCKA MAKCUMYMA.
Anzopumm npozpammol GYHKUUOHUPOGAHUA INEKMPOHHO20 O10KA npedycmampuean ozpanuuenus no wupune A = 0,03 ¢
u evicome Uy = 2,45 B ouazpammol M010K06bI6EOCHUA. IKCREPUMEHMATILHBIM HYIMEM OnpedeeHbl 3HAYEHUA OIUMENbHOCIU
3a0epacku uzmepenuii 10 ¢ u npooondxicumenvrocmu noucka makcumyma 40 c, obecnevusaroujue 80 8pems 00eHUs A0EKean-
Hy10 nouemeepmuyro unouxayuio macmuma. Ilopoz usmenenun yeema ceemoouo006 c 3e1eH020 Ha KPACHLLI INEKMPOHHO20
0710Ka, CUZHATUZUPYIOULE20 O BOCHATICHUU MOJOYHOIU Hcene3vl 6 Uemeepmsax, HACMPOEH HA NpeGbludeHUue Ymax > 5 %.

Arpapnas nayka EBpo-Cesepo-Bocroka /
562 Agricultural Science Euro-North-East. 2022;23(4):562-571


https://doi.org/10.30766/2072-9081.2022.23.4.562-571

OPHUI'HHAABHBIE CTATBbH: MEXAHHU3AIIHUS, SQAEKTPHPHKAIIHSI, ABTOMATH3AILIHUA /
ORIGINAL SCIENTIFIC ARTICLES: MECHANIZATION, ELECTRIFICATION, AUTOMATION

Hapannenvnsie npodvt Monoxka u3z uemeepmeil 6bIMeHU HA KEHOMECH ROOMEEPOUNU IPPHeKmueHoCmy npUMeHeHUs U yeie-
CO0OPA3HOCHL OCYUIeCMEeHUA 0OUTbHBIM ARRAPAMOM PYHKUUU HOUEMEEPMHO20 MECMUPOSAHUA Yemeepmell HA MACHUM.
Obecneuenue onyuu ROYeMEEPMHO20 KOHMPONA PYHKUUOHATIBHO20 COCHIOAHU YemEePM el 6bIMEHU 0OUIbHBIM ANNAPAMOM
He HyJcoaemcs 6 00pavomKe RPUHKURUATLHOI CXeMbl JIEKIMPOHHO20 010K, & O0OCIMUZAEMCA UCKTIOUUMENbHO €20 RPOZPaM-
MUDPOGAHUEM C YUEMOM (PUUOI02UYECKUX 0COGEHHOCMEN 00CYHCUBAEMO20 NO20108b3 Kopos. Ha naw 63211510, 6 cpednem
07151 300PO6HIX KOPOE OUANA3OH 8APLUPOSAHUS NPEOETbHO20 MAKCUMAILHO20 OMHOCUMENILHOZ0 OMKAOHEHUA HANPAICEHUS

Ha HUdICHeM Oenumene INeKmMpPOHHO20 O0Ka He 001iceH npesbluiamy 6...10 %.

KunioueBble cjioBa: oeiumeis HANPAsNCEeHUs, macmum, SﬂeKmpOdbl, oJleKmpudeckas npoeodu/m)cmb MOJIOKa, OmHoCcuU-

mejibHoe OMKJIOHeHue

bnazooapnocmu: pabota BEIIONHEHA IIpH nojiepskke MunoOpHayku PO B pamkax ['ocynapcrsennoro 3amanns @I'BHY
«®DenepanbHblil arpapHblil HayyHbIH HeHTp CeBepo-Boctoka nmenu H. B. Pynnunkoro» (tema Ne 0767-2019-0094).
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Dairy farming is an important agricultural
sector in the Baltic States, Northern and Central
Europe, Russia and other countries and the dairy
products are traditionally a popular food [1, 2].
There are ubiquitous various option for machine
milking of cows allowing to carry out this process
with high efficiency [3, 4, 5]. However, machine
milking also has negative aspects, associated with
the impact of the machine elements upon the
animal health. For example, as a result of general
use of machine milking in the industrially devel-
oped countries, the lactating cows have widespread
mastitis [6].

Diseases of the mammary gland reduce the
milk yield by 10...40 %, worsen the sanitary and
technological quality of milk and, especially with
the highly productive cows, lead to a decrease
in the reproductive function [7, 8].

There are many scientific works devoted to
the problem of reducing the mastitis morbidity,
there are significant achievements in this direction
[9, 10, 11]. Yet, unfortunately, the situation in
practice remains tense as before, there is no final
victory over this disease, and, moreover, mastitis is
becoming the main reason for the short period of
productive use of the high-yielding cows in the
large modern automated dairy complexes. Such
a situation forces the milk producers to exercise
constant control [12, 13] over the functional condi-
tion of the mammary gland.

However, a veterinary control of this condi-
tion has a number of problems, and it is associated
with high labour costs. There is no unequivocal
solution to this issue by using automation tools yet.
The search for efficient solutions of continuous
control of the condition of the mammary gland
is still an urgent scientific task [14, 15].

IIpunsra k myomukanuu: 08.07.2022

Ony6nukoBaHa oHnaifH: 25.08.2022

The purpose of the work is to study and
optimise the parameters of the electronic unit of the
milking machine, which diagnoses the functional
state of the mammary gland directly during the
milking of the cows.

Materials and Methods. An experimental
milking machine was used for the investigations,
equipped with a device for quarter-by-quarter
control of the lactation intensity (Fig. 1).

Fig. 1. General view of the milking machine, equip-
ped with the device for the quarterly control of lactation
intensity /

Puc. 1. O01muii BUJ JOMJIBLHOIO ANNAPATA, OCHAILCH-
HOI'0 yCTPOICTBOM MO4YETBEPTHOr0 KOHTPOJISI HHTEHCHB-
HOCTH MOJIOKOBBIBeIeHHSI

The voltage on the lower arm of the divider
of the electronic unit of the milking machine,
equipped with a device for the quarter-by-quarter
intensity control of the of milk output, adequately
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reflects the trend of changes in the intensity of the
milk output from each quarter of the udder, i.e. the
voltage is proportional to the intensity of lactation
and electrical conductivity of milk. An objective
difficulty in experimental determination of the
functional condition of the mammary gland in
cows directly during milking with a milking
machine is created, firstly, by the presence of a
biological object (cow), and, secondly, by the tech-
nical complexity of making a full-fledged and
strictly organised measuring cell in the collector
of the milking machine [7]. It is known [16] that,
with the increase in the immersion depth of the
electrodes of the lactation intensity sensor into the
solution, the dependence of voltage on the lower
arm of the divider upon its immersion decreases.
Therefore, to reduce the degree of influence of the
depth of immersion, it is necessary to measure the
electrical conductivity in each quarter of the mam-
mary gland during the onset of the maximum
intensity of lactation in it.

The lactation intensity in each quarter is
determined by the physiological and technological
parameters of the biological and technical links
that ensure the evacuation of milk from the nipple
of the cow's udder. It should be noted that, when
using the modern milking machines, the values of
the technological and physiological parameters
practically do not change during the attendance
of each animal. For some time they may be approx-
imately equal in the quarters as a result of active
milk excretion, depending on the accuracy of the
preparatory operations performed by the milker,
on the functional state, and anatomical and mor-
phological indicators of each cow. Consequently,

for the ascending branch of the milk excretion,
there is a necessary period of time, even if of a
relatively short duration, and not necessarily
simultaneous in all the quarters, during which there
takes place practically the same intensity of lacta-
tion. During this period of time in healthy cows
the spread of estimates of the current electrical
conductivity by the quarters of the udder, propor-
tional to the intensity of lactation, determined by
the intensity of the milk excretion, will be minimal.

Figure 2 presents a diagram of voltage
pulsations on the lower arm of the electronic unit
divider during the milking of a cow by a milking
machine, equipped with a device for the quarter-
by-quarter control of the lactation intensity, and
operating on a two-stroke cycle. The trend of the
voltage pulsations on the lower arm of the divider
is proportional by its scale to the intensity of the
milk flow from a quarter of the udder to the elec-
trodes of the sensor of the milking machine.

A start for the search program of the maxi-
mum intensity value (maximum voltage Uyax,
Fig. 2) should occur at point 1, located slightly
above the voltage, equivalent to the minimum
allowed lactation intensity, for example, 50 ml/min.
The search for the maximum Uy should end at
point 2, corresponding to a slightly lower voltage
U,, than voltage U, at point 1. The duration of the
search for the maximum value U is regulated
by the searching time #,. The start of the search
program should be performed when the width of
the lactation diagram A (the time of intensive con-
tinuous outflow of milk) is reached after the meas-
urement delay time #, has elapsed, required for
a start of a stationary process of milk extraction
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Fig. 2. Diagram of the voltage pulsations on the lower divider arm of the electronic unit during milking

of the udder quarter /

Puc. 2. IlmarpaMma nyabcanuii HaNpsi>KeHNsl HA HUKHEM ILIede JeJHTels 3J1eKTPOHHOro 0J0Ka BO

BpeMsl JOCHUA Y€TBEPTH BLIMCHH
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The performed investigations [17] showed
that, to achieve reliable and stable operation of
the device for a quarter-by-quarter control of the
lactation intensity, it is necessary that the width of
the diagram A should be an order of magnitude less
than the duration of the sucking cycle; since at
setting A of one order of magnitude in duration
with the sucking cycle, there is no light signaling
about the appearance of milk from a quarter with
an intensity of more than 50 ml min™'. The flow
of milk into the collector from the quarters of the
udder is visually recorded, and the LEDs for the
lactation intensity do not turn off. In addition, when
milking cows, using a small volume milk and teat
tanks, with a low intensity of the milk flow from
the alveoli, no maximum value of tension is deter-
mined in the quarters of the udder for the entire
period of milking. With the duration of the setting
parameter A = 0.25 s, one order of the magnitude
by the duration with the sucking cycle, the algo-
rithm of the electronic unit program is unable
to collect the amount of the necessary data during
milking and, accordingly, process them. The
search for the settings of the electronic unit that
provide an objective assessment of the functional
state of the udder quarters directly during milking
was performed in a livestock complex with already
healthy lactating cows. An almost rotatable design
was implemented in the research for two factors
from seven tests, providing for the variation of one
factor at five levels, and the other factor at three
levels [18]. To reduce the impact of uncontrolled
factors upon the absolute values of the electrical
conductivity of milk and to improve the diagnosing
accuracy of mastitis, there were chosen in the
studies as the target functions: the relative values
of the average yuv.- and the maximum y,. devia-
tions from the minimum voltage value on the lower
arm of the voltage divider. To test the mathemati-
cal models, experiments at the zero point of the
plan were performed in triplicate and accordingly
processed statistically [19, 20].

After the values of settings and the corre-
sponding programming of the electronic unit were
determined, the data, obtained when testing
the cows in various functional states of the udder
quarters by means of the milking machine, the
results of the milk samples were compared in
parallel for the kenotest.

Results ad Discussion. Finding the duration
of the search of time #, which guarantees an objec-
tive determination of the maximum lactation inten-
sity in each quarter was experimentally performed

on a dairy farm. To achieve in the experiments re-
liable fixation of the beginning of milking and
its end, there were significantly lower requirement
in the settings of the operation algorithm of the
electronic unit for the width (A = 0.03 s) and the
height (U, = 2.45 V) of the lactation intensity
diagram. The search for the maximum voltage was
carried out by varying the duration of the measure-
ment delay time #; (x2) and the duration of the
search for the maximum ¢, (x;). Finding the maxi-
mum voltage took place by varying two factors
(the periods of time ¢ and ¢,), so that the search
time in each channel (quarters) included a time
interval of 50 s after the connection of the corre-
sponding teat cup. This range contains, on average,
an interval, sufficient to achieve the maximum
lactation intensity for all the quarters of the lactat-
ing cows. The plan of experiments and the results
of the studying the impact of factors upon the value
of the relative average voltage deviation y., are
presented in Table 1.

After mathematical processing of the results
of the experimental data in Table 1, the following
second-order equation was obtained (the factors
are normalised):

YVaver = 3,38 = 1,22x1+ 0,62x, — 6,93 x1x, +
+8,33x7~ 0,81 (1)

Statistical analysis shows that equation (1)
with a significance level ¢ = 0.05 at freedom num-
bers fi = 1 and f, = 14 adequately describes the
results of the experiments since the calculated
value of the Fisher criterion is less than the corre-
sponding tabular value: Fe = 14.56 < Fyp=18.51.

The duration of the search for the maximum
(x1) and the measurement delay (x;) time, starting
from which the maximum voltage is found, in the
preset interval of factor variation do not statisti-
cally significantly affect the value of the objective
function yaer, since the corresponding calculated
values of the t-criteria are less than the tabular
value with the level of significance ¢ = 0.05:
tear =1.58; 0.80 < t,,5 =2.15. The coefficient at the
first factor is negative, so it has an inverse effect
on the value of the objective function. The coeffi-
cient at factor x; has a positive sign, which indi-
cates its direct influence upon the objective func-
tion yae- the greater the delay time, the higher the
average relative voltage deviation. The coefficient
at the combined impact of the search duration
x, and the delay time x; has a negative sign, and
it statistically significantly affects the average
value of the relative voltage deviation yav.r with a
5 % significance level since #..; = 4.48 >t = 2,15.
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Table 1 — The plan, levels of the factor variation, the measurement results and calculations of the average
relative deviation /

Tabnuya 1 — Ili1aH, ypoBHM BapbUPOBaHUS (PAKTOPOB, Pe3y/JIbTAThl H3MEPEHUI H PACYETOB CPeIHEro
OTHOCHTEJbHOTO OTKJIOHEHHS

The search duration t, (x1) Duration of the search delay t; (x») Average relative voltage
of maximum voltage Uyax / for the maximum Uya/ deviation yaer, %/
No./ Ipooomicumenvrocme t, (x1) noucka | IlpodomicumensHocms 3a0epiicKu t; (X2) Cpeornee ommocumenvoe
Ne marcumyma HanpssceHust Upax noucka maxcumyma Upgy OMKNOHEHUE HANPANCCHUA
level / yposenw | value, s /3nauenue, ¢ | level /yposenv | value, s /3nauenue, ¢ Yaver, %6
1 -1 10 0 10 15.85
2 1 50 0 10 7.58
3 0.5 40 0.866 15 2.84
4 0.5 40 -0.866 5 4.18
5 -0.5 20 0.866 15 10.09
6 -0.5 20 -0.866 5 2.37
7 0 30 0 10 3.38
8 0 30 0 10 3.95
9 0 30 0 10 1.85
Yaver
Fea 14,56 (fi=1; £, =14)
Foap 18.51 (¢ = 0.05 provided / pu f1 = 1; f> =14)
b bo b by b2 bn b
ti cal 2.53 1.58 0.80 4.48 5.08 0.53
tab 2.15 (¢ =0.05 provided / mpu f= 14)

The coefficient at the quadratic term x;of the
first factor exerts a statistically significant effect
the objective function ya.- with a 5 % significance
level since the calculated value of the #-criterion
is considerably higher than the tabular value:
tear = 5.08 (0.53) > tius = 2.15. The sign at the coef-
ficient is positive; therefore, at the boundaries of
the variation interval, the factor increases the value
of the average relative voltage deviation. The sign
at the coefficient is negative, therefore, at the
boundary of the interval of variation of factor x,
the value of the average relative voltage deviation
decreases. Graphical interpretation of equation (1)
is presented in Figure 3. The surface of the
response function y..- has a saddle shape with a
minimax, equal to yaer = 3.38 % at the center of
the experiment. Fig.3 shows that the value of the
average relative voltage deviation in the studied

Fig. 3. Joint impact of duration x; and delay x, of
the search on the value of the average relative voltage
deviation yaver /
range of the factor variation varies in a wide range Puc. 3. CoBMecTHOE BJIMSIHHE MPOAOIKHTETLHOCTH

from 2.0 % to 8.0 %. The minimum values of the X1 M 32/1€PKKH X, MOUCKA HA BEJINMHHY CPEIHEr0 OTHOCH-

. . g 3 TEJbHOI'O OTKJIOHCHUA HANIPAKCHUSA
average relative voltage deviation are located in the P Faver

first and third quadrants.
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In our opinion, an algorithm for the determi-
nation of mastitis by the electronic unit should
contain intervals of variation as the delay duration
intervals ¢,=12.5...15.0 s; and search ¢, = 34.0...38.0 s
since with these adjustable parameters the value of
the average relative voltage deviation yve- will vary
within a range: yaver = 2.0...2.5 %. The range of
variation of the average relative voltage deviation
at the lower divider of the electronic unit should
not exceed 3.0 %, which, in our opinion, should be
considered the maximum allowable norm for
healthy cows. The plan of experiments and the
results of the research of the impact of factors x;

and x; upon the value of the relative maximum
voltage deviation y... are presented in Table 2.
As a result of mathematical processing of the
experimental data, given in Table 2, a second-order
equation was obtained (the factors are normalised):
Vmax = 3,95 - 11,43x; + 1,17x,-8,57x;x, +

+8,83x% — 0,71x2 Q)

The statistical analysis indicates that equa-
tion (2) with a significance level g = 0.05 at free-
dom numbers f;=1 and f>= 14 adequately describes
the experimental data since the calculated value of
the Fisher criterion is less than the corresponding
tabular value Fey = 8.83 < Fip=18.51.

Table 2 — The plan, levels of the factor variation, the results of measurements and calculations of the voltage

maximum relative deviation /

Tabnuya 2 — IlinaH, ypoBHH BapbUPOBaHUS (PAKTOPOB, Pe3yabTAThI H3MEPEHH U PacYeTOB MAKCHMAIBLHOTO

OTHOCHTEJILHOI'0 OTKJIOHCHHUSI HAIIPAKCHUS

The search duration t,(x1) Duration of the search delay t; (x2) | pfaximum relative voltage
No./ of maximum voltage U, / for the maximum Uyay / deviation yma, %/
3 | e nanpaoconn U ot s G| Makciotainoe omocis
max max mebHOe OMKILOHEHUe
level / yposenw | value, s /3nauenue, ¢ | level /yposens | value, s /3Hauenue, c HAaNpAACEHUA Y max, %0
1 -1 10 0 10 19.94
2 1 50 0 10 9.67
3 0.5 40 0.866 15 6.61
4 0.5 40 -0.866 5 6.11
5 -0.5 20 0.866 15 14.78
6 -0.5 20 -0.866 5 3.16
7 0 30 0 10 7.99
8 0 30 0 10 3.40
9 0 30 0 10 6.58
Y,
Fea 883 (fi=1;£=14)
Foab 18.51 (¢ = 0.05 provided / mpu f1 - 1; f> =14)
ti cal bo ti cal bo ti cal bo ti cal
tab 2.55 1.06 0.86 3.17 3.08 0.26
tab 2.15 (¢ = 0.05 provided / ipu f= 14)

The duration of the search for the maximum
x; in a preset interval of the factor variation does
not statistically significantly affect the value of
the objective function ymax, since the corresponding
calculated value of the #-criterion is less than
the tabular value with a significance level ¢ = 0.05:
tear = 1.06 <ty = 2.15. The coefficient at the first
factor is negative, so it exerts an inverse effect
upon the value of the objective function.

The duration of the search delay x:, after which
the search for the maximum voltage begins in the
particular interval, does not statistically signifi-
cantly affect the value of the objective function
Vmax €ither since the corresponding calculated value
of the t-criterion is less than the tabular value with
a significance level ¢ = 0.05 (fcw=0.86 < tip = 2.15).
The sign of the coefficient is positive; therefore,
the factor has a direct impact upon the objective
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function. The coefficient at a joint impact of factors
x1 and x, in equation (2) has a statistically signifi-
cant effect upon the magnitude of the maximum
relative voltage deviation with a 5% significance
level since .y = 3.17 > twp = 2.15, the at the
coefficient at a joint impact of factors is negative.
The coefficient at the quadratic term of factor
X1 exerts a statistically significant effect upon the
objective function ym. with a 5 % significance
level since the calculated value of the #-criterion
is much higher than the tabular value, since
tear = 3.08 > tp= 2.15. The sign at the coefficient
is positive, therefore at the boundaries of the vari-
ation intervals the factor increases the value of the
maximum relative voltage deviation. The coeffi-
cient at the second quadratic term does not statisti-
cally significantly affect the objective function
ymax With a 5 % significance level since the calcu-
lated value of the ¢-criterion is significantly less
than the tabular value, since f..;= 0.26 < tp = 2.15.
The sign at the coefficient is negative, therefore
at the boundaries of the variation intervals the
factor somewhat reduces the value of the maxi-
mum relative voltage deviation yuar.

Graphical interpretation of equation (2) is
shown in Figure 4.

Fig. 4. Impact of duration x; and delay x; of the search
on the value of the maximum relative voltage deviation ymax /

Puc. 4. Bausinue nNpogo/LKMTEIbHOCTH Xy U 3a1€PKKH
X, MOMCKA HA BeJINYNHY MAaKCHMAJIbHOT0 OTHOCHTEJIHLHOTO
OTKJIOHEHMSI HATIPSIKEHUS Ymax

The response surface .. has a saddle shape
with higher objective function values and a mini-
max of 5.98 % at the center of the study. It follows
from Figure 4 that the value of the maximum rela-
tive voltage deviation yme in the studied range
of the factor variation varies within a wide range

from 4.0 % to 11.0 %. The minimum values of the
maximum relative voltage deviation are located
in the first and third quadrants. The first quadrant
should be considered more preferable since a larger
range of the factor variation corresponds to the
minimum of the objective function: Y. < 5 %.
It should be noted that the desired interval of vari-
ation of the objective function ymu. < 5% coincides
with the optimum range of variation of factors
for the objective function ya..: ¢ =12.5..15 s;
t,=34...38 s. At the final stage, based on the gen-
eralisation of the research results, and also taking
into account the presence in the herd of cows of the
first year of lactation (first-calf heifers), which,
as a rule, quickly shed milk, the following settings
being established for the algorithm of the function-
ing of the electronic unit of the milking machine:
th=40s; 6, =10s; A. =0.03s; U, =245 V.
The threshold of changing the color of the LEDs
from green to red is set at the maximum relative
voltage deviation yma > 5%. The results of testing
the cows with various functional states of the udder
quarters during milking, after programming the
electronic unit of the milking machine, are com-
pared with the diagnoses of the veterinary service
of the farm, made by parallel testing of the milk
samples of the diagnosed cows, supplied by paral-
lel testing of the milk samples of the diagnosed
cows from the udder quarters for kenotest.

For the first-calf heifer No.1, during milking
by a milking machine, equipped with a quarter-by-
quarter control of the lactation intensity, with the
above settings, the LEDs did not change the green
light after the end of milking. The relative maxi-
mum voltage deviation was Ve = 3.76 %. Similar
indicators were obtained when milking the first
heifer No.2: Yayer = 2.80 and yuax = 3.94 %. For the
first-calf heifer No.3, the veterinarian diagnoses
a suspicious inflammatory process in the posterior
right quarter, based on a milk sample for kenotest,
which practically coincides with the results of
digital control by an electronic unit of the maxi-
mum relative voltage deviation in this quarter:
Vmax = 5.1 %, slightly more than 5 %. For the first-
calf heifer No.4, the milk sample for kenotest indi-
cates an inflammatory process in the front left and
rear right quarters, which coincides with the results
of testing with a milking machine: there was a
change of the green color of the LEDs to red;
the maximum relative voltage deviations in
quarters were, respectively, Vmax=13.6 % and
Ymax = 11.3 %. For the first-calf heifer No.5,
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the veterinary service diagnoses an inflammatory
process in the anterior left and posterior left quar-
ters, which coincides with the results of testing the
mammary gland quarters with a milking machine
during milking: the LEDs changed to red, the max-
imum relative voltage deviations in these quarters
reached the values yyq = 12.8 and 9.7 %. The con-
clusion of the veterinary service about mastitis
in the anterior left quarter of the first heifer No.6
coincides with the readings of the electronic unit:
the red color of the corresponding LED and
the digital estimates of the electronic unit of the
maximum relative voltage in the divider since
Ymax = 6.7 % exceeds 5.0 %. Mastitis in the anterior
left quarter of the first heifer No.7 is diagnosed
by the red glow of the LEDs and the digital assess-
ment of the maximum relative voltage deviation
in it since Yma= 8.9 % > yimar = 5.0 %.
Consequently, the results of testing the cows
with different functional states of the udder quar-
ters during milking, after programming the elec-
tronic unit of the milking machine and comparing
them with the diagnoses by the veterinary service,
show the efficiency of the proposed solution.

Conclusions. The investigations have con-
firmed the technical viability, technological feasi-
bility and operational efficiency of the implemen-
tation of milking machines, equipped with
a device for quarterly control of the lactation inten-
sity, checking the functional state of the quarters
of the udder of cows for mastitis immediately
during milking. The additional option of quarterly
indication of mastitis in the quarters of the udder
does not require technical intervention in the
elemental and structural base of the electronic unit
but it is carried out exclusively by its programming
and settings, taking into account the zootechnical,
morphological and physiological characteristics
of the lactating herd.

In our opinion, the permitted range of values
of the maximum relative voltage deviation on the
lower divider of the electronic unit should not
exceed 6.0...10 %, which should be considered the
maximum allowable norm for healthy cows.
For such parameters it is necessary to program an
electronic unit that provides color information
about the functional state (mastitis) of the lobes of
the mammary gland immediately during milking.
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