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RESEARCH OF MODES OF OPERATION OF A TEAT THE RUBBER OF VARIABLE CROSS-
SECTION

Anomauis.

Bimuusnsana ma 3apybisicna npomuciosocmi He 6unyckaroms 00UIbHI anapamu, sIKi 8 NO8HIl Mipi 8ionosioanu 6
gizionoeii meapun. [lognoyinne 6UO00IOBAHHS BUMEHI MA 3HUNCEHHS 3AX60PIOBANHS KOPI8 MACMUIMOM 3HAYHO 3djle-
arcums 8i0 pobomu doinbHozo anapama. Axicms pobomu cepitinux OOLIbHUX CMAKAHI@ He 8 NOGHIL Mipi 8ionogioae
CYHACHUM 300MeXHIMHUM 8uMo2am. B npoyeci ix pobomu, ocobnueo na nouamky i 6 KiHyi 00iHHs Kopie modice 8i00)-
MUCb «X0J0CMme» OOIHHSA NPU HOMIHATLHOMY 8aKyyMi. [OIHHS Npu 8UCOKOMY 8AKYYMI 4ACMO NPU3B00UNDL 00 NOOPA3-
HeHHsL chinkmepa OTiOK, WO YACMO CHPUYUHALE 3AX80PIOBAHHS MEAPUH MACIUMOM 3 ROOAILUUUM iX BUOPAKOBYBAHHSM.
Taxoorc pazom i3 3p0CMaHHAM 8UPOOHUYMBA KITbKOCHI MOTOKA BUKTIOUHO 6AMCTIUSE SHAUEHHS HAOYBAE 020 AKICHIb.
Ilpoananizosani 0CHOGHI MEXHIYHI PilleHHsT CMOCOBHO OOLTbHUX anapamie 3 KeposaHol0 3MIHOI 6aKYYMEMPUUHO20
mucky. [Ipogedeni desiki meopemuuni ma eKCnepUMEHMAIbHI O0CTI0NCEHHS pOOOmMU 00IbHO20 anapamy, sSKull 3a0e3-
neuye aMeHUIeHHs! 6aKYYMEeMPUYHO20 HABAHMANCEHHS HA BUM'ST MA JHCOPCMKY 8IOpayitiny 0ito Ha chinkmep Oiliku npu
HOMIHATLHOMY 8AKVYMI 8 NPOYeci MAUUHHO20 00ilHs Kopie. He3sadcaiouu na besniy 8i0omux piuleHb 600CKOHANCHHS
00iIbHO20 anapamy, aKmyaibHUM 3aTULAEMbCS 3A60aHHS CMBOPEHHA KOHCMPYKYIL, W0 NOEOHYE GUCOKY NPOOYK-
mueHicmb i cmumyiosarts peghnexcy. Koncmpykyii 0oinbrux anapamis 3apaz yOOCKOHAIIOIOMbCS 8 OCHOBHOMY 6 080X
HANPAMAxX, a came - po3pooKa OOLIbHUX anapamis, Wo 00360JA10Mb Pe2yIio8amu poooyi napamempu 3a1exiCHO 8i0
DIBHSL MOIOK0GI00aui ma KOHCMPYKMUGHI 800CKOHANICHHS. MEXAHI3MI8 QOLTbHUX anapamis sKi CHuMyI0ms pegiexc
MOJIOK08IO0ayi He HAHOCAYU MBEAPUHI HeeamugHux Oitl. IIpogedeni meopemuyti 00CiONCeHHs pOOOYO20 NPOYeECy Ma-
WIUHHO2O O0IHHSL 00360AUNYU CUCIEMAMU3YEAMU MEMOOUKY THICEHEPHO20 PO3PAXYHKY OOLIbHOLO anapamy 3 Kepoea-
HUM PENCUMOM 6aKYYMEMPUUHO20 MUCKY HA OIIKU KOPOBU | BUSHAYUMU ONMUMATbHI KOHCIMPYKMUGHI Rapamempu 8u-
KOHABYUX MeXaHizMie. Ompumani AHamtimuyHi 6Upasu Xapakmepu3yioms GNUeG ix napamempis ma peicumy pooomu Ha
OUHAMIKY MOJIOKOBIOOAYT NPU MAUUHHOMY OOIHHI KOPI6.

Abstract.

Domestic and foreign industries do not produce devices for milking cows, which would fully comply with the physiol-
ogy of animals. Full milking of the udder and reduction of mastitis in cows significantly depends on the operation of the
milking machine. The quality of serial milking cups does not fully meet modern zootechnical requirements. In the process
of their work, especially at the beginning and end of milking cows, "idle™ milking can take place at a nominal vacuum. High
vacuum milking often irritates the teat sphincter, which often causes mastitis in animals with subsequent culling. Also, along
with the growth of milk production, its quality is extremely important. The main technical solutions for milking machines
with the controlled change of vacuum pressure are analyzed. Some theoretical and experimental studies of the milking
machine, which reduces the vacuum load on the udder and the rigid vibration effect on the teat sphincter at nominal vacuum
in the process of machine milking cows. Despite the many known solutions to improve the milking machine, the task of
creating a design that combines high productivity and stimulation of the reflex remains relevant. Designs of milking ma-
chines are now being improved mainly in two directions, namely - the development of milking machines that allow you to
adjust the operating parameters depending on the level of milk yield and design improvements of milking machines that
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stimulate the milk reflex without causing adverse effects on the animal. Theoretical studies of the working process of ma-
chine milking allowed to systematize the method of engineering calculation of the milking machine with controlled vacuum
pressure on the teats of the cow and to determine the optimal design parameters of the actuators. The obtained analytical
expressions characterize the influence of their parameters and mode of operation on the dynamics of milk yield during

machine milking of cows.

Knrouosi cnosa: monoxo, 00inHs, 00inbHULl CMAKaH, O0LIbHA 2yMA, anapam MAwuHHO20 OOIHHSL.
Keywords: milk, milking, milking cup, milking rubber, machine milking machine.

In general, the profitability of milk in the country is
very low and is only 7.8%. At the current stage of eco-
nomic development of the country, for domestic dairy
farming to be profitable, competitive and ensure food in-
dependence, it must be highly productive. To do this, it is
necessary to accelerate the introduction of advanced tech-
nologies of milk production in dairy farming on the basis
of the creation and use of competitive domestic equip-
ment. In this regard, the direction of work to improve
milking machines is quite multifaceted. This is, first of all,
increasing the capacity of milking machines.

The operation of milking equipment significantly
affects the completeness of milking cows. And the dis-
ease of cows with mastitis to some extent depends on
the proper operation of the equipment. Existing serial
milking equipment does not always provide quality in-
dicators of the technological process that meet current
zootechnical standards [1,2]. In the process of their
work, especially at the beginning and end of milking
cows, "idle" milking can take place at a nominal vac-
uum. This often leads to mastitis in animals, which
leads to their culling. In addition, along with the growth
of gross milk production, its quality is important.

Domestic and foreign industries, as can be seen
from the analyzed technical solutions of milking equip-
ment with a controlled process, do not produce such
milking machines that would fully comply with the
physiology of animals.

Cows are characterized by a disease such as mas-
titis.

Zootechnical science reveals viral and technical
causes of mastitis in lactating animals. Technical rea-
sons are the mechanical action of the milking machine
on the teats of the udder. One of their types is the effect
of the nipple tube on the teat during the compression
stroke in the form of "cotton". For one machine milking
the milking machine can "give out" up to 400-600 such
"blows" [3,4].

The nature of the effect of nipple rubber on the
cow's teat depends on many factors: the pressure drops
in the interstitial and sub nipple spaces of the milking
cup; physical and mechanical properties and design pa-
rameters of nipple rubber; its tension in the sleeve of
the glass and the elasticity of the teat.

Analyzing the situation regarding machine milk-
ing of cows, we see that the issue of development of
milking equipment, which eliminates these negative
phenomena during its operation, remains relevant and
requires a further solution.

There are three ways to remove milk from the ud-
der of a cow: a) natural; b) manual; ¢) machine. In the
natural way, milk is sucked out by calves. However, in
order to obtain milk for human needs, technical means
are needed that would maximally model the process of

suckling cows to calves [1,2]. The rate of sucking in
calves consists of two phases: sucking (I squeezing)
and rest. These phases are characterized by maximum
positive and maximum negative pressures.

Studies of the sucking process of calves have shown
that during the swallowing phase the positive pressure de-
creases to atmospheric, while the vacuum is maintained
during both phases: sucking and swallowing. The maxi-
mum vacuum in the mouth of a calf is 30.6-33.25 kPa, and
the number of sucks ranges from 100 to 120 per minute.
The average value of the vacuum created in the oral cavity
of the calf at a constant sucking process is equal to 17.20
kPa. The average pressure caused by the calf on the teat is
in the range of 110.7-112.7 kPa, and the maximum pres-
sure reaches 132.3 kPa [4,5]

In machine milking of cows, milk is removed from
the udder by the action of a working vacuum (vacuum)
created under the teat (1.5 to 2.5 times higher than in
the calf's mouth during sucking) [5]

In our country milking machines which have var-
ious technical indicators and design features are issued.
Milking machines can have different weight of the sus-
pended part and the sizes of separate parts. Milking ma-
chines of the same brand are often provided with dif-
ferent nipple rubber in terms of stiffness and diameter
of the inlet. The analysis of tendencies in designing of
milking machines shows a classical way of their devel-
opment - expansion of adaptive possibilities of equip-
ment and at the same time its sharp complication.

Thus, analyzing the existing designs of milking
cups and based on scientific physiological research, the
chosen direction is aimed at developing structural ele-
ments of the actuators of the milking machine, which
meet zootechnical requirements and eliminate the neg-
ative impact on animals.

The purpose of the work is to increase the effi-
ciency of the milking machine on the basis of the de-
velopment of teat rubber of variable cross-section, to
reduce the effect of vacuum pressure on the teats of the
udder of cows.

It is known that the nature of the influence of nip-
ple rubber on the teat of a cow depends on such factors
as the pressure drop in the interstitial and subpapillary
spaces of the milking cup, physical and mechanical
properties and design parameters of teat rubber and its
tension in the glass sleeve, teat elasticity and others.

Therefore, it is advisable to develop teat rubber
that allows you to minimize the impact of its working
part on the teat of the cow during the operation of the
milking machine and eliminate the technical cause of
mastitis in cows.
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One of the ways to solve this problem is the devel-
opment of nipple rubber milking cup with symmetri-
cally mounted cord threads with a diameter of about 1
mm. The total number of threads ranged from 0 to 6.

Studies of milking rubber with cord threads were
carried out in the laboratory of machine milking of
cows of VNAU.

Cord threads provide the necessary rigidity of the
upper part of the nipple tube, thereby reducing the im-
pact of milking rubber on the walls of the teat at the
rates of suction and compression (fig. 1).

1-suction chamber, 2-working part of milking rubber;
3-milk tube; 4-cord threads.
Fig. 1. Milking rubber with cord threads

The results of laboratory studies of the use of such rubber are shown in table 1.

Table 1.
Test results of corded milking rubber
Number of threads Average number shock loads
0 260-360
3 185-228
6 52-64
9 5-10

As can be seen, the studied design of teat rubber
reduces the impact of the nipple tube on the teats of the
cow, but it does not fully reduce the vacuum load on
the tissues of the udder.

Also, rubber with reinforced threads is difficult to
manufacture and can increase the cost of equipment.

To solve this goal, it is more appropriate to use
milking rubber with a differentiated wall thickness.

The nipple tube of milking rubber (Fig. 2) consists
of several parts. The upper working part, the middle -
(about 40 mm) made of thickened 3.5 ... 4 mm, and the
lower - (about 40 mm) working part of the nipple tube
which has a thickness of 2.0 ... 2.5 mm. The thickness
of the walls of the nipple tube of serial milking ma-
chines is 2.0 ... 2.5 mm, and the length of the working

part is 120 mm. The variable stiffness of the working
part of the nipple tube allows to reduce the vacuum load
on the tissues of the cow's teats and to avoid impact on
the nipple, and to prevent the "aerosol" effect.

The calculation of the stability of the nipple rubber
with a differentiated wall thickness (Fig. 3) can be per-
formed on the basis of the classical theory of shells [7].
Thus, geometrical linear equations for the decision of a
problem of stability of a cylindrical cover are received.
Knowing the boundary conditions for solving the sys-
tem of differential linear equation, the authors obtained
the formula of the critical pressure q (kPa) on the tis-
sues of the teat.
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a- suction stroke, b— compression stroke:
1 - suction chamber, 2 - working part of the nipple rubber; 3 - milk outlet;
Fig. 2. Milking cup with modernized nipple rubber.

_(hY
QZQEE , 1)

q - dimensionless critical load factor obtained ex-

perimentally; E - modulus of elasticity of teak rubber,
N / cm?; h - is the wall thickness, cm; R - is the radius
of the rubber, cm

An important parameter in the operation of milk-
ing rubber is the magnitude of the change in the diam-
eter of the teat during the compression stroke

_ (Yp 'I1)+ (Yp '|2)+(Yp- '|3) _ Yp(ll +1, + |3) )

d d :

|1, |2, |3 - are taken equal to 0.04 m

During the compression stroke, the transverse de-
formation of the teat rubber allows its absence in the

area - |2 and its reduction in the area - |2 in the form

of such a design of the suction chamber (suction cup).
Then expression (2) will take the form

bV d+Y, ol Y, +1;) o
d d

Teat rubber, which affects the teat of the animal,

can be represented as a beam lying on an elastic base.

However, the magnitude of the reaction to the beam is

proportional to its deflection [7]. Therefore, we can as-
sume that the pressure exerted by the nipple tube on the

teat P r is proportional to the magnitude of the defor-
mation of the tube in cross section [6,7], etc.

P, =CY, (4)

C — the total coefficient of elasticity of teat rubber

and teat tissue of the animal
C = Crubber + Cteats’H/m :

From formula (4) we obtain Yp
Y =

B S
P Cc._+C._. '

rubber teats

®)

we accept P. =Ap; AD=p,,.. = Dy
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D - outer diameter of the suction cup, m;

d - is the inner diameter of the suction cup, m;

1y, 15 - working length of rubber without change of
thickening, m;

[, - working thickened length of rubber, m;

[ - is the total working length of the rubber, m;

Py - atmospheric pressure acting on

rubber, kPa;

P, - vacuum pressure, kPa;

P..am - the force of tension of the tire, H;

Yy - is the transverse deformation of the rubber under
the action of Ap, m;

Ap - pressure drop in the interwall and sub milk spaces
of the milking cup, kPa;

h - is the magnitude of the change in the diameter of the
teat at the compression stroke, m

Fig. 3
Scheme of action of forces on the experimental milking rubber and teat tissue during the compression stroke

Substituting the value Yp into formula (3), we ob-
tain:
Ap Ap

ety
h — Crubber + Cteats Crubber + Cteats (6)
1,33-d

Taking into account that the upper part of the teat
rubber closes when the compression stroke is not com-
pletely. In the resulting formula (6) is introduced a co-
efficient (1.33), which takes into account this fact.

Analysis of formula (6) shows that the experi-
mental nipple tube reduces the "cotton" effect on the
tissues of the teat of the animal by reducing the pressure
difference in the teat and in the teat space.

The results of studies of a milking machine with
nipple rubber of variable cross section showed that the
minute vacuum load was reduced by half, compared
with serial samples. Also, a smaller value of the maxi-
mum tensile force acting on the teat was obtained in
comparison with serial milking machines. Thus, the
proposed design of teat rubber of variable cross-section
can significantly reduce the vacuum load on the tissues
of the udder of the cow and the teat of the teat, which
will have a positive effect on the health of cows.

The existing tendencies of researches and calculation
of influence of nipple rubber on teats of cows are ana-
lyzed. The analytical dependence of the effect of the tube

of variable stiffness on the tissues of the udder and teats of
teats of cows is derived.

It was found that the experimental teat rubber of
variable cross-section reduces the vacuum effect that
the milking cup has on the teat tissues by an average of
30%, and promotes a safer process of machine milking
COWS.
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METO/]I OBPATHOI'O PACIIPOCTPAHEHU S OIIUBKH JIJISI OBYYEHUS HEMPOHHBIX
CETEHA

Bitibayeva Zh.K.
«Turan-Astana» University

A METHOD OF BACK PROPAGATION ERROR FOR NEURAL NETWORKS TRAINING

AHnnomauus.

Cmambs nocesawaemcs npuMeneHuio Memooa 06pamHo20 pacnpocmpanenus owmudKy 0 Mooenu Heupou-
HOUl cemu. Paccmompena mMooenb UCKYCCMEeHHO20 HEeUPOHA uepe3 YPAGHEHUe COCMOAHUS HEUPOHA U ONpedeieHbl
svipasiceHus: 0id e2o0 cocmasisiowux. /s obyyeHus HellpoHHOU cemu Obll 8blOPAH MemoO 0OPAMHO20 PACHPO-
cmpaneHusi OuUOKY U NPUBOOUMCA UOesl €20 UCHONb308AHUA 01 NOCHABIEHHOU 3a0au.

Abstract.

The article is devoted to the application of the backpropagation error method for a neural network model.
An artificial neuron model is considered through the equation of a neuron state and expressions for its components
are determined. The backpropagation error method was chosen for training the neural network and provides an

idea of its use for the task.

Knrouesvle cnosa: HelipoH, HellpoHHas cemb, obyueHue Hetipocemu, Memoo 06pamHo2o pacnpocmpanenus

01441461(”, UHmMeneKmyalbHas cemso.

Keywords: neuron, neural network, neural network training, backpropagation error method, intelligent net-

work.

B Hacrosmee Bpemst Bo3pacTaeT HeOOXOIMMOCTb
B CHCTEMaX, KOTOPBIE CITOCOOHBI HE TOJIEKO BEITIOJTHATH
OJIHAXJbl 3alPOrPAMMMPOBAHHYIO I1OCJIEIOBATEIb-
HOCTb JIEWCTBUI HaJl 3apaHee OIpeeCHHBbIMU JaH-
HBIMH, HO U CIIOCOOHBIE CaMU aHaJU3UPOBaTh BHOBH
MOCTYMAIOIIYI0 HHPOPMAIIMIO, HAXOIUTh B HEl 3aKo-
HOMEPHOCTH, MPOU3BOJIUTH MPOTHO3UPOBAHUE U T.A. B
9TOH 00JaCTH MPHUIOKEHUH CaMbIM JIy4IIHM 00pa3oM
3apEeKOMEH/IOBaN ce0sl TaK Ha3bIBaEMbIE HelpOHHble
cemu — caMOOOYUAIOIINECs] CHCTEMBI, HMUATHPYIOIITHE
JIeATETLHOCTD YeJIOBEUECKOTO MO3Ta.

Jendpums:

= B Teno HetipoHa

PaccMoTrpum moapoOHee CTPYKTYpY HCKYCCTBEH-
HBIX HEHPOHHBIX CETEHl U MX MPUMEHEHHE B KOHKPET-
HBIX 3a/1a4ax.

Hecmotps Ha Gosbiioe pasHooOpa3syue BAPHAHTOB
HEIPOHHBIX CeTe, Bce OHM UMEIOT 0o0Imue uepThl. Tax,
BCE OHH, TaK €, KaK ¥ 4eJIOBEYECKHUI1 MO3T, COCTOSIT U3
OOJIBILIOrO YMCIIa CBSA3aHHBIX MEXKIY COOO0# OJTHOTHII-
HBIX JJIEMEHTOB — HeUpoHO8, KOTOPblE MMUTHPYIOT
HEeWpoHbI TosoBHOro Mosra. Ha pucynke 1 mokaszana
cXeMa HEeHpOHa KHUBOT'O CYILECTBA.

CuHanchk!

JeuieHue umnynsca

Pucynox 1 — Hetipon y scugozo cywecmsa

Ha pucynke 2 mnpuBeIeH MOJAEIBHHBIN aHAIOT
HelipoHa. U3 pucyHka 2 BHIHO, YTO MCKYCCTBEHHBIH

HEWpOH, TaK XK€, KaK M KMBOW, COCTOUT U3 CHHAIICOB,
CBS3BIBAIONIMX BXONBI HEHpOHAa C sApoM; szapa
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