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SYSTEMS FOR MONITORING THE PRODUCTIVITY
OF DAIRY FARM ANIMALS

Abstract. The relevance of this project lies in the fact that the use of modern digital, informational and
intelligent technologies makes it possible to keep records of dairy productivity quickly and to respond to changes in
the health of livestock in a timely manner. The result will increase the efficiency of resource potential use, as well as
profitability and attractiveness of dairy cattle breeding for investors. The systems developed will also enable
agricultural producers to make concrete decisions based on automated data analysis. The high quality of milk in the
dairy farming industry, taking into account the feedback from the household to the consumer, ensures the
competitiveness in the direction of the dairy industry. The article describes in detail a mathematical model for
automating on-farm production control of dairy products, which will have an impact on the leveling of the
commodity market. Also there are described the results of implementation of already developed software products
for accounting of animal status on dairy farms of Northern Kazakhstan. As a result, some recommendations for the
use of the developed software are given. In this way detailed results have been described for each farm, indicating
the characteristics and status of the farms to date. The results obtained will be studied and considered by farmers at
the local level to organise production processes. The implementation of this task will take place at the Seyfullin
Kazakh Agrotechnical University. We have established a scientific group to develop and implement IT solutions for
a large number of processes in agricultural production. This scientific programme is the first integrated solution
aimed at introducing and adapting best practices in the application of digital technologies in dairy farming in
Northern Kazakhstan.

Key words: expert system, data analysis, monitoring, milk yield, artificial intelligence, digital technologies,
integration, diagnosis.

Introduction. The modern livestock industry in Kazakhstan is a transition to new approaches to
production. It is based on agricultural machinery and equipment augmented with telemetry systems.
Telemetry and monitoring systems for agricultural production are deemed as one of the most innovative
technologies of precision livestock production and are automatic systems for collecting and transmitting
information as well as data analysis and remote decision making [1].

There are many causes, which can be roughly divided into 'internal' and 'external', that have a major
impact on cow yield. The 'internal' causes include: hereditary characteristics of the animal, its health and
physiological condition; the 'external' causes include: quality and quantity of feed, length of pauses
between milking of the animal and method of milking, number of years of cow's life, time between calves,
length of fattening period. Common breaches of the accepted norms of cattle housing, untimely
vaccination lead to disease, which can lead to the death of the herd in the future. In the case of infectious
diseases there is also the potential for human infection [2].




News of the National Academy of sciences of the Republic of Kazakhstan

In all of the above-mentioned livestock production processes, zootechnicians and veterinarians of
livestock farms play a key and possibly important role, on whose expertise the productivity of livestock
production and the economic component of the farm itself depends.

There has been an increase in the use of information technology in various sectors of the economy
over the last decade. The development of cloud technology for data storage and processing, the ubiquity of
mobile devices, smartphones and tablets, and [oT devices are creating new opportunities for the
digitalisation of agriculture through automatic animal tracking and automatic control of production
processes. The opportunities opened up by the development of IT technology require research and
investigation into how it can be applied in livestock farming in practice.

Mathematical model used in an automated information system for the analysis and control of milk
production. A mathematical model of changes in the productivity of a dairy cow by lactation periods has
been developed. The model uses a function like:

y(t) = atPe~ct (1

where is the rate of milk production in the animal's body at a time ¢, kg / day; ¢ - time, days; a,b,c -
options.

In this case, the milk yield in the time interval between the moments #.; and # is determined by
integrating the function (1):

Y= [y, @)

where Y; is the productivity of the animal in the lactation time interval between the moments #;.; and #. The
parameters a,b,c are determined by the formulas:

c=71(tym + tf)/(tm - tf), 3)
b = ct,,, 4)
Q= —— (5)
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The calculation of the parameters is based on the use of such characteristics of lactation as its duration
t, annual milk yield Y, time to reach peak lactation #,, as well as the average relative rate of decline in
productivity after reaching the peak of milk yield r.

We will illustrate the use of function (1) for approximating the lactation curve using the example of
one of the basic farms.

The farm contains Holstein cows. The milk yield of animals in January calving is 8260 kg / head, the
duration of lactation is 305 days, the moment of reaching the peak lactation is on average the 90th day, the
milk yield in the first days is 12 kg / head, on peak days - 50 kg / head, in the last days - 12 kg / bird, in the
sixth month (on average - 168th day) of lactation - 35 kg / bird, in the eighth month (on average - 228th
day) - 18 kg / bird. Then, the coefficient £~=-0,0110829 is the relative rate of change in the level of the
lactation curve r=-0,01102175; a=0,083954; 6=1,822433364; ¢=0,02024926.

Thus, function (1) takes the following form:y(t) = 0,083954¢1,822433364,-0,0202192

By integrating function (1) over time, we obtain the distribution of the annual milk yield by months of
lactation of the animal (for convenience, we will assume that the calving date is January 1): in January -
317 kg, February - 968 kg, March - 1471 kg, April - 1439 kg , May - 1279 kg, June - 967 kg, July - 734 kg,
August - 512 kg, September - 336 kg, October - 236 kg; total - 8260 kg / head. Model calculations are
easily automated in MS Excel environment.

The obtained mathematical model of the lactation process is used in planning milk yields and income
from its sale in the context of the periods of the year and for the whole year, as well as the needs of
animals for feed in different periods of the year.

—— Q4 =——
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Models have been developed for calculating the optimal duration of the productive life of an animal
in the conditions of the farm and evaluating the effectiveness of decisions to renew the main herd. It has
been established that the maximum average annual profit from the maintenance and use of animals should
be taken as an optimality criterion. To calculate the total profit for T years of keeping animals, taking into
account the time factor (the amount of discounted profit), you should use the formula:

P(M) =X, (1+r)7tD®) —Z(t) + 1 +7r)7TS(T) — 5(0)), (6)

where P(7) is the total discounted profit from keeping a cow over the T years, tenge; D(?) - income
from keeping a cow on the farm in the i year of lactation, tenge; Z(z) - expenses for keeping a cow in the
i year of her productive life, tenge; S(?)- income from the sale of a cow after years of her stay in the herd,
tenge; » - costs of replacing a cow left the herd (cost of a replacement heifer), tenge; - discount factor
(usually corresponds to bank interest); ¢ - current productive age of the cow, year.

Comparing P(T) different options for investment plans to choose the best one makes sense if projects
with the same life cycle are considered. However, when we are faced with options that differ in the
duration of their cycles, a different approach to solving the problem is required. A methodology for
calculating and comparing alternative capital investment plans is needed, which would take into account
both the time factor and the differences in the life cycle of the options under consideration, and the infinity
of the planned horizon.

With regard to the conditions of our problem, these requirements are met by a methodology, the
implementation of which involves calculations in two stages: using formula (1), the total discounted profit
P(T) from the use of animals during the T years of productive life is calculated, 7=1,2,...; for each variant
of the duration of the economic use of the animal, the average annual profit P,,(7) is determined, which is
provided P(7T), T=1,2,..., according to the formula:

Py (T) = P(D)[r/(1 = 1/(1 + 1)), (7

Since, under the conditions of the problem under consideration, the minimum required return » on
investment is the same for all possible options, the best of them will be the one that provides the maximum
average annual profit P, (7) from the economic use of animals. Keeping an animal in a herd for more or
less T years will reduce the value of the indicator under consideration.

Methodologically, a more correct solution of the problem involves taking into account the stochastic
characteristics of the process under study: the probability distribution of mortality, unplanned culling of
animals, offspring per 100 queens by years of productive life, and others. In this case, the calculation
formula takes on a more complex form, and the task will be to maximize the value of the function:

P, (T) = 25_1(1+r>—fER(t)p(t—1)+(1+r)T—TS(T)(1—pn(T)) H?:fp(t)—S(O)’ @)
where P,,(T )is the average annual profit from keeping a cow over the T years, tenge; ER(?) - expected
profit from keeping a cow on the farm in the i year of her productive life, tenge; p(z-1) - the probability
that the cow of the (#-1) productive age will move to the next, ¢ age group. Wherein p(0)=1; p(t) - the
probability that the cow of the i productive age will move to the next, (¢+1) age group; p.(7) - the
probability of the death of cows of the T productive age; S(7) - market value of a cow at the end of the T
year of productive life, tenge; S(0)- market value of a heifer introduced into the main herd, tenge;
r - discount factor (usually corresponds to the bank interest). Wherein,

ER(t) = P(O)p(8) + R(Opp(t) — S(0)(1 — p(1)), ©

where P(t )is the profit from keeping a cow on the farm in the i year of her productive life, tenge;
R(?) - proceeds from the sale of a cow of the i age in the event of a production marriage (barrenness,
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illness, low productivity), tenge; S(0)- the cost of a heifer introduced into the main herd instead of a cow
retired at ¢ age, tenge; pp(?) - the likelihood of unplanned culling of a cow due to a production defect in the
t year; t - current productive age of the cow, year.

An econometric model of the movement of the market price for raw milk has been developed, which
makes it possible to predict the price level in different periods of the year. The model is based on chain
milk price indices. The model was tested on materials from the milk market of the Kostanay region
(table 1).

Table 1 - Model parameters and their characteristics

No Variables Coefficient t -test
1 Free parameter 1,033 137,28
2 Trend -0,00021 1,12
3 February - -

4 March - -

5 April -0.033 2.66 *
6 May -0,051 4,13*
7 June -0,037 2,97*
8 July -0,032 2,60*
9 August -0,024 1,97**

10 September -0,015 1,19
11 October - -

12 November - -

13 December 0,018 1,46
14 R’ 0,424 -

15 F-test 4,689 -

* - significant at the level of 0.05; ** - significant at the 0.1 level.

The coefficient of determination is equal to 0.424, which indicates an acceptable predictive ability of
the model. Accordingly, the correlation coefficient turns out to be 0.651; the relationship between the
actual and calculated series of indices is quite strong. At the 0.05 level, the equation as a whole is
significant. It has been established that in the dynamics of milk prices sold by agricultural entrepreneurs in
Kostanay region, there is certainly a seasonality. Seasonality of prices is explained by the seasonality of
production and supply of products to the market. Relatively low prices are observed during the "big milk"
period from April to August-September. In turn, the season of large milk follows with a lag of 2-3 months
after the period of mass calving (winter-first half of spring) on farms, especially in private farmsteads.
Thus, the seasonality of production and prices for the products under consideration is decisively
influenced by the fact that the overwhelming share in the total volume of milk supplies to the market is
still occupied by personal subsidiary farms and small commercial enterprises (up to 80% or more). This
situation will persist as long as the individual sector and small-scale production dominate in the industry's
economy. And only with the development of intensive livestock raising should we expect the leveling of
the product market [3].

The results of the implementation of expert systems for monitoring the status of animals in
dairy farms in Northern Kazakhstan. The scientific research under the programme was organised in
6 model farms of Northern Kazakhstan: in farm No. 1 - 32 heads (Holstein-Friesian breed) and farm
no. 2 - 100 heifers (Simmental breed), in farm Ne 3 - 800 head of heifers (Simmental breed), in farm
Ne. 100 cows (Simmental breed) and in farms Ne 5 and Ne 6 - 230 cows (Holstein-Friesian breed).

All of the base farms were analysed on: economic activity, genealogical analysis of the herd to enter
the SmaXtec system into the database, dairy cow productivity, possibility and profitability of using the
"Veterinarian Tablet" and "Herd Management" software products.

The main source of information on livestock were data from on-farm record-keeping systems
integrated with milking equipment (DairyPlan and AfiFarm) and remote animal health and microclimate
monitoring systems (Smaxtec) implemented as part of the project.
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Table 2 - Results of implementation of software products "Veterinarian's Tablet"
and "Herd Management" on farms in Northern Kazakhstan

Notes

Quite a new farm. It is a small farm where almost all processes are managed by a few people. There is an AfiMilk
system installed on the farm, integrated with the milking equipment, which is also used for accounting and cattle
management. In the course of the project, the "smaXtec" system was installed on the farm, which demonstrated high
efficiency in detecting oviposition, resulting in 100% fertilisation of the breeding herd. In particular periods there was
no access to the internet. The developed 'Veterinarian Tablet' programme was demonstrated to the responsible staff.
There is no need for an additional product on the farm.

New farm. Previously it did not have any accounting software implemented, it has access to the Internet, for which
reason the web-based software package is well suited for bookkeeping.

There is a "smaXtec" system installed on the farm (boluses) for remote animal welfare monitoring. At the beginning,
the operation of the system was complicated by the lack of a permanent power supply. In order to power the system
and the modems, the diesel generator was powered up once or twice a day for half an hour, which resulted in untimely
reports of hunting, and as a result the system could not be used to its full potential. In addition, pasture maintenance
has led to increased alarms on animal activity as the system is designed to maintain stalls.

The mobile application "Veterinarian Tablet" also attracted interest, but in order to use it fully, up-to-date data must be
entered into the Herd Management software.

There is a large dairy farm with a milking herd of over 600 head, there is also a large number of Angus beef cattle.
Total number of staff on the farm is up to 50 people. The farm has implemented the DairyPlan system, which is fully
utilised in the day-to-day running of the farm. In the course of the project, the smaXtec remote monitoring system and
FeedNet feed automation system were implemented. FeedNet is in use on a daily basis to plan and manage the
preparation of feed mixes and record feed distribution. "Smaxtec is mostly in use as a hunt detection tool, so tracking
animal health signals is almost impossible.

Staff and farm management were provided with a demonstration of the Herd Management software and training on
how to use it. There was little interest in the developed software as the "DairyPlan" system already in use has all the
features required for the current operation of the farm. The farm staff understand in advance the complexity of
accounting in the two systems.

They are more interested in the 'Veterinarian Tablet' mobile app, especially its ability to view farm livestock
information offline, right next to the animal, as well as the ability to record veterinary operations right on the spot.
Staff understand the advantage of such electronic recording over paper-based recording. In order to ensure the data can
be viewed on site, the data has been transferred from DairyPlan to herd management software. Although the farm has
access to the internet, the operator's milking parlour, where DairyPlan is installed, is inaccessible to ensure the security
and reliability of the system. Thus it makes it difficult or even impossible to continually synchronise data from
DairyPlan to Herd Management and vice versa.

There is no in-house technical support with computer hardware and automated accounting systems on the farm. An
attempt to introduce Smaxtec, as the most autonomous system among others failed due to a lack of understanding of
the need for such a system on the farm. Therefore, there was no reliable electricity supply, Internet access was not paid
for, and the mobile application was not used. Other systems (herd management programme) could not be implemented
under these conditions in principle.

The farm has a mobile Internet coverage, at the same time it is absent in the automated milking rooms and in the
operator's room (metal surfaces screen the signal of the mobile network). The farm uses the “DairyPlan” system to
automatically record the milk production of the herd; animals are introduced into the system as they reach their
productive age. Integration of “Herd Management” software with “DairyPlan” is not possible under these conditions.
At the same time, program "Veterinarian's Tablet" attracted veterinarians of the farm with the ability to view reference
information on diseases, objects of veterinary and sanitary purposes and the possibility of preliminary diagnostics of
diseases based on the observed symptoms.

The farm is on the lookout for a suitable accounting system, over the years several different systems have changed:
"DairyPlan", "DairyComp", "DairyComp305", "Uniform Agri". The possibility of implementing or even just
demonstrating additional systems is perceived negatively by employees, as they are exhausted by the changes in the
accounting system. At the same time the most stable records are kept in paper journals.

The developed 'Herd Management' software and the 'Veterinarian Tablet' mobile application were demonstrated and
some suggestions for improvements were received, some of which have been implemented. However for the full
implementation of the system it is necessary to update the herd management database, for which the farm currently
has no employees. Possibly in the future the data will be transferred from the Uniform Agri system once it has been
configured and put into operation.

There were also additional suggestions in the "Veterinarian Tablet" programme related to the automation of task
control by the farm staff.

The developed mobile application was installed on the mobile devices of veterinarians of pilot farms,
training on working with the application was conducted, recommendations on their further improvement
were received, conclusions on the implementation of this software product are reflected in table 2.
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Conclusion:

The conducted research proves that nowadays it is impossible to obtain quality milk and its
derivatives without strict regulation of all technological processes and working cycles by time.

Unreasonable collection and prompt delivery cycles will lead to production and loss of production,
the distribution of which will require additional human and financial costs, which will directly affect
competition and self-employment.

High quality milk in dairy farming with customer feedback ensures competitiveness in the direction
of the dairy industry.

To ensure that modern farm information systems work properly many conditions need to be fulfilled:
clear identification of the livestock, availability of equipment, qualified and motivated staff, understanding
of the systems used by both management and farm staff, availability of network infrastructure on the farm
and access to the internet. In the absence of at least one factor, the economic information system ceases to
work. Implementation of the system requires a considerable amount of time and requires a long-term
sustained effort in this regard, regulation of internal processes and involvement of responsible persons. If
the farm has an accounting system in place, the introduction of an additional system is extremely difficult,
as it requires synchronisation of data in two or more systems, which is not feasible. Using even two
systems in parallel increases the workload of the personnel responsible for accounting.

Start-up labour costs are high and a lot of livestock data needs to be entered manually. Subsequent
accounting is facilitated by the availability of previously entered data, but requires consistency, daily data
entry.

Farms commonly do not enter the full number of animals into the accounting systems, but only
4-5 digits, which are mostly displayed on the ear tag or respondent. Such an approach is warranted if only
one system is used, but if integration with other systems is required, animal identification conflicts arise,
resulting in an inability to communicate between systems. As all systems allow you to track animals by
multiple numbers, you must use at least one field in each system to enter a full-size unique local or state
animal number, e.g: KZC10987654321, USA636293, AT8738748028.

Another infrastructural problem is Internet access: computers near the milking parlor receiving
information from the milking equipment are usually not equipped with Internet access to ensure the
security and stability of such equipment (exclude the use of computers for other purposes, exclude the
penetration of viruses). Placing computer equipment in a building where milking takes place or where
animals are kept increases the risk of failure due to high humidity and proximity to dust / manure / dirt.
This should be taken into account when setting up such workplaces, using equipment designed to work in
such conditions.

The spectrum of basic problems and needs varies greatly on farms. In order for the economy to be
interested in the proposed SW, it must have the functionality to ensure that the most important (at the time
of implementation) problematic issues are addressed. Moreover, the software implemented should not
significantly increase the workload of farm staff in its implementation; where possible, data should be
collected automatically, without human intervention, and made available to responsible staff for analysis
as needed.

Overall it can be said that there are people on farms who know how to use modern recording, analysis
and management technologies, but for this to become a habit, understanding and guidance from
management on how to implement and monitor this process is necessary.

The observations also show that systems handed over as part of a project receive less attention than
systems purchased with their own money or on credit.

Undoubtedly, the software developed has shown to be effective in operating and automating
processes on dairy farms in Northern Kazakhstan, but for a number of reasons mentioned above, they
cannot be used to their full functionality.
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O. onaryJos !, U. Tperbsikos !, A. Ucmauiosa !, A. Toctun 2

' AxmapaTthIk xylienep kadeapacel, C.Celigymn atbingarsl Kasak arporexnukanbik yausepeuteti, Hyp-Cynran, Kasakcran;
2 Oy xyifenepiniH aBTOMATTaHbIPUIFAH 5k00aay xKyiieaepinid 6oimi, B. @. YTKUH aThIHIaFbl PA3aHb MEMIICKETTIK
paguoTeXHHUKAIBIK YHHBEpCHUTeTi, Psa3anb, Peceit

CYT ®EPMAJIAPBICBIHIATBI MAJIJTAPABIH OHIMILITTH BAKBLIIAY )KYWEJEPI

AHHOTamms. By »ko00aHBIH ©3€KTUIIr MBIHaJA: 3aMaHayd IHMQPIBIK, aKIapaTThIK XXOHE 3MATKEPIIK TEeXHOJIOTHSIIAPIbI
naianaHy cyT eHIIpICiHIH eceOiH jKe/IeN KYpris3yre, xaHyapiap JCHCAyJIBIFbIHBIH ©3repyiHe Aep Ke3iHae jkayan Oepyre oHe
TaOBIHHBIH KO0€I TMpOIeCiH THIMAI KocmapiiayFa MyMKiHAIK Oepeni. HoTmkeciHae pecypcThIK oNeyeTTi maiianaHyablH
TUIMALTIT apTajpl, COHBIMEH KaTap MHBECTOpJIAp YUIIH CYTTi MaJl MIapyallbUIBIFBIHBIH KipiCTUIIrT MEH TapTHIMIBLIBIFEl apTalbl.
O3ipJIeHreH JKyHenep aybpUIIapyallbUIblK Tayap OHIIpYyLIUIepiHe AEpeKTepAi aBTOMATTAaHABIPBUIFAH Tal[ay HETI3iHAe HaKThI
mremimaep KaObuimayra MyMKiHOIK Oepeni. CyTTi Man IIapyambUIBIFBIHAA IIapyamIbUIBIKTapIbl TYTHIHYIIBIHBIH CYPAaHBICHIHA
KaifTapslll aslyMeH Oipre CYTTiH JXOFaphl carachl Majl IapyallbUIBIFBI CAaJTachIHBIH OarbIThl OOHBIHINA Oocekere KaOiLTeTTLTIKTI
KaMTaMachl3 eTeli. Makanana an MiapyallbUIBIFBIHAAFEI CYT OHIMAEPI OHIIpyli OaKblIayabl aBTOMATTAHIBIPYABIH MaTeMaTH-
KaJIBIK MOJICITI erKeU-TEeKEIi CUIaTTalFal, OyJ1 ©HIM HapbIFbIH TeHecTipyre okeneni. Connaii-ak, ContycTik Ka3akcTaHHBIH CYT
(hepManapbIHAaFbl JKaHyapIapablH JKail-KyHiH ecernke ajay YIIH Kas3ipAiH e3iHAe jkacaiFaH OaraapiaMaliblK eHIMIEpAi SHIi3y
HoTKenepl cunarranrad. JKacanran OarnapnaMaliblK jkacaKTaMaHbl Taiiganany OoiblHIIA OipHelne YCbIHbICTap OepiireH.
apyanipUTBIKTapTHIH OpKAHCHICHIHBIH HOTHKEC], CHITaTTaMallapbl MEH KaFAaiibl OYTiHr1 KYHI'e JeiiH erkel-Ter kel cunarraii-
raH. KOpBITBIHABUTAPIBI JKEPTUTIKTI hepMepiep oHIIPICTIK MpoIecTepai YHBIMAACTHIPY YIIIH €CKepel oHe KapacTeipanbl. by
MiHgerTi Ky3ere acelpy C. CelidymmmH ateiHgarsl Kazak arpoTeXHUKaibIK yHHBEPCHUTETIHIH 0a3achIHIA )Ky3ere achIpbUIyAa.
AypUTapyaisuiblK, ©HIipiciHIeri KONTEreH NpoLecTepre apHaiFaH aklapaTThIK TEXHOIOTHSIApABbIH HICIIIMACPIH d3ipIiey jKoHe
eHri3y OOWBIHIIA FBUIBIMH TON KypbUIObl. Byn reuteiMu Garmapriama - Contycrik KasakcTaHHBIH CYT IIapyallbUIBIKTapbIHIA
CaHJIBIK TEXHOJIOTHSIIAP/IBI KOJIIAHYIBIH O3BIK TOKIPHOECIH CHII3yTe kKoHe OeiiMeyre OarbITTaIFaH aFallKbl KCIICH I IEIIiM.

Tyiiin ce3aep: capanTamaiblK JKyleci, AepekTepii Tanaay, Oakpliay, CYTTUTIK MeJIIepi, JKacaHAbl caHa, CAaHJBIK
TeXHOJIOrHusuIap, Gipiiecy, AMarHos.

O. llonaryaos!, U. TperbsikoBa', A. Mcmansopal, A, TocTun?

! Kadenpa unpopmanroHHbix cucteM, Kazaxckuil arpOTeXHUUECKUN YHUBEPCHTET
nm. C. Ceiidymmuna, Hyp-Cynran, Kasaxcran;
2 Kadenpa aBTOMATU3MPOBAHHBIX CUCTEM TIPOEKTUPOBAHHUS CHCTEM CUMTHIBAHUS,
Psa3anckuii rocyaapcTBeHHBINH paguoTexHU4eckuil yHusepcureT uM. B. @. Ytkuna, Pss3ans, Poccus

CHUCTEMBbBI KOHTPOJIA MPOAYKTHBHOCTH MOJIOYHBIX )KUBOTHBIX

AHHOTaUMS. AKTYaJbHOCTh [JAHHOTO HPOEKTa COCTOMT B TOM, 4YTO MHCIIOJNB30BAaHHE COBPEMEHHBIX LHU(POBBIX,
UHGOPMAIIMOHHBIX ¥ HHTEJJICKTYaIbHBIX TEXHOJIOTUH MO3BOJIUT OINEPAaTHBHO BECTH YYET MOJOYHOM IPOLYKTHBHOCTH,
CBOCBPEMCHHO pearupoBaTh HA U3MEHEHHs 37I0POBbS )KUBOTHBIX, 3Q(GEKTHBHO IIIAHMPOBATH IPOLIECC BOCIIPOM3BOACTBA cTana. B
pe3ysbTaTe MOBBICUTCS 3()(EKTUBHOCT HCIOJIB30BAHUS PECYPCHOTO MOTEHIMANA, a TaKKe JOXOXHOCTh M IPHBIEKATEIEHOCTH
MOJIOYHOTO CKOTOBOJICTBA JUISI HHBECTOPOB. Pa3paboTaHHbIC CHCTEMBI IIO3BOJIAT CEIIbCKOX035HICTBEHHBIM TOBAPOIIPOM3BOIUTEIISIM
NPUHAMATh KOHKPETHbIE PEIIeHHs Ha OCHOBE aBTOMATH3UPOBAHHOTO aHajM3a JaHHBIX. B MOJIOYHOM CKOTOBOACTBE BBICOKOE
KaueCTBO MOJIOKA B COBOKYITHOCTH € OT3bIBOM XO3SICTB Ha 3aIpoc MOTpeduTes 00ecnevnBaroT KOHKYPEHTHYIO CIIOCOOHOCTD 110
HAIPaBJICHUIO CKOTOBOIYECKOH OTpaciu. B craThe moppoOHO omMcaHa MaTeMaTH4ecKas MOAENb M0 aBTOMATH3aLUKM KOHTPOJIA
NPOM3BOJICTBA MOJIOYHOH MPOXYKIMH Ha (epMax, 4To MOBJIEYeT 3a co00il BhIpaBHMBAHHME PhIHKA MPOLYKUMH. Tak e OnucaHbl
Ppe3yJIbTaThl BHEAPEHHUS YKe Pa3pabOTaHHBIX MPOTPAMMHBIX TMPOJIYKTOB IO YYETy COCTOSHHS KHUBOTHBIX B MOJIOYHBIX (epmax
CeBepHoro Kaszaxcrana. IIpuBeeHbI HEKOTOpPBHIE PEKOMEHAAUMM [0 HCIOJb30BAaHUIO pa3pabOTaHHBIX IPOTPaAMMHBIX
obecniedeHuit. [TonqpoOHO OBLTH ONMMCAHBI pe3yNbTaTe MO KKIOH U3 GepM, XapaKTepUCTHKA U COCTOSTHHE (GepM Ha CErOAHSIIHUIT
nenb. IlomydeHHbIe BBIBOABI OYAyT YYTEHBI M PacCMOTPEHHI (hepMepaMH MECTHOTO YPOBHS JUIS OPTaHH3AIMH IIPOIECCOB Ha
npousBojcTBe. Peanusanus NaHHOW 3agaud mpoxoauT Ha Oase Kasaxckoro arporexnmueckoro yHusepcurera um. C.
Ceitdymmiaa, co3maHa Hay4Has rpynma mo paspabotke u BHexpeHuto WT pemeHmil Uit MHOTOYHCICHHBIX IIPOIIECCOB B
CEJIbCKOXO3SMCTBEHHOM Ipou3BoJCTBe. JlaHHas Hay4yHas IporpaMma sBISETCS NEPBbIM KOMIUIEKCHBIM DELICHHEM, KOTopas
HalpaBjieHa Ha BHEJPECHHE M aJaNTalMIO NEpeoBON NPAKTHKH B cdepe MPUMEHEHUs HU(PPOBBIX TEXHOJIOTHH B MOJIOYHBIX
xo3siicTBax CeBepHoro Kazaxcrana.

KitoueBble ci10Ba: OSKCIIEPTHAs CHCTEMa, aHAIM3 JAHHBIX, MOHHTOPHHI, OOBEM Y[0s, MCKYCCTBEHHBIH HHTEIUICKT,
1 (poBBIE TEXHOIOTHH, HHTETPALHs, TUArHO3.
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