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Robotization covers almost all the main, time-consuming and monotonous technological processes
of animal husbandry — feed preparation and distribution, milking, manure cleaning, wool cutting, control,
counting and packing of eggs, etc. Each of these processes is currently in a different degree of robotiza-
tion. For example, all the main technological stages of milk production are already robotized so com-
pletely that further improvement of the developed automatic milking complexes is only possible. Appar-
ently, a similar situation should develop over time in other labor-intensive, but much less or not at all
robotic livestock industries. On the other hand, processes that require a creative, intelligent approach to
solving technological problems of animal husbandry are still out of the field of view of developers of
robotic systems. Mass vaccination of animals or veterinary control of livestock, treatment and biotechno-
logical procedures can be mentioned among such non-robotic routine processes.

Biotechnology of animal husbandry is a promising and priority direction of development of the in-
dustry, aimed at accelerated improvement of existing and creation of new breeds and species of animals
in order to maximize production. Currently, only some of the processes of animal biotechnology are
partially automated — the processes of DNA technologies and only certain operations of cellular and
genetic engineering, for example, cell sorting, individual micro- and electromanipulations with cells.

The article offers a conditional scheme of prospects for the development of traditional and innovative
processes of animal husbandry. The first ones are the main ones (milking, feeding, manure harvesting).
they are now robotic to varying degrees and have prospects for improvement to full robotization. The
latter are auxiliary (veterinary, biotechnological, breeding, etc.), not yet robotic, but have significant pro-
spects for robotization in the next 5 — 15 years due to the introduction of separate automated devices
and devices.

Keywords: robotics, prospective, process, animal husbandry, biotechnology.

Analysis of recent studies. It should be noted
that the processes that require a creative, intelligent
approach to solving technological problems of
animal husbandry are still falling out of the field of
view of developers of robotic systems. For example,
it is possible to free a person from such non-robotic
routine processes as mass vaccination of animals or
veterinary control (inspection) of livestock, not to
mention treatment. Then a farmer or a veterinarian
who is already turning into an operator of a robotic
veterinary system needs to increase his intellectual
level for analytical work with the data obtained by the
system. Moreover, most of this work can be
entrusted to the same robotic system, but the key
decisions, apparently, will still have to be made by a
farmer or a veterinarian. Thus, there are objective
global trends in the development of unmanned
robotic technologies in all areas of animal husbandry
in the near foreseeable future [7, 8].
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The purpose of this work was to generalize in
the form of a scheme of prospects for the
development of animal husbandry processes,
already robotic to varying degrees, and innovative,
still only developing in this direction.

Research results. Let's consider an approximate
scheme of prospects for the development of animal
husbandry processes, which, in our opinion, can and
should be robotized in the next 5 — 15 years, Fig.1.

The directions and processes presented in the
diagram are conditionally divided into traditional
(milking, feeding, manure cleaning, etc.), already ro-
botic to varying degrees, and innovative.

The former have numerous examples of suc-
cessful robotic implementation and can continue to
improve along this path, and therefore their pro-
spects are brilliant. It does not make sense to con-
sider them in more detail here. There is a large tech-
nical literature on this issue [1, 3, 4, 6].
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Fig. 1. The scheme of promising directions for the development of robotics in animal husbandry

The latter are still either almost not covered by
automation (especially biotechnology processes), or
have partially automated devices, equipment, meas-
uring equipment, etc.

For this category of directions, based on the ex-
isting automation subsystems of some processes,
there is a good opportunity to combine them into au-
tomated systems and complexes, and in the future —
automatic / robotic. These are, for example, the lat-
est robotic complexes for pastures, which also in-
clude veterinary automatic equipment that monitors
the condition of animals in real time [1, 4, 9]. For ex-
ample, a shepherd veterinarian robot has been suc-
cessfully operated in Australia for several years,
which works autonomously on remote pastures.
Powered by solar panels, the robot can move around
pastures and monitor the health of animals and the
state of vegetation in the field. The robot will auto-
matically detect sick and injured animals using video
cameras and thermal imagers based on changes in
body temperature or gait. Using the same sensors,
the robot can analyze the texture of the earth and the
amount of greenery needed for grazing [9], Fig.2.

Fig. 2. The world's first autonomous robot veteri-
narian-shepherd on a pasture

There are also separate automated systems for
auxiliary processes of reproductive biotechnology of
farm animals [10, 11, 12]. This promising and non-
robotic direction is worth considering in more detail.

Animal husbandry biotechnology is a promising
and priority direction of the industry development
aimed at accelerated improvement of existing
breeds, animal species, creation of nhew ones and
obtaining maximum products from them. Many of the
directions of biotechnological research in the near
future can be used for practical purposes of improv-
ing farm animals. Being the newest direction in agri-
culture in general and in animal husbandry in partic-
ular, biotechnology uses the main achievements,
methods and processes of cellular and genetic engi-
neering, reproductive biology, cellular and molecular
biophysics, biochemistry, etc. Among them:

- fertilization of eggs in vitro (outside the body);

- microsurgical operations on the cell (division of em-
bryos, extraction-transplantation of the nucleus,
electrofusion of cells, ICSI fertilization, etc.);

- artificial insemination, transplantation of embryos;

- cryopreservation of reproductive cells and embryos;
- interspecific hybridization of embryos, production of
chimeras;

- cloning, obtaining transgenic animals;

- DNA technologies: sex determination in embryos,
virus diagnostics, selection based on DNA markers,
control of origin, early prediction of productivity, etc.
And this is not a complete list.

Currently, the processes of DNA technologies
are partially automated and only certain operations
of cellular and genetic engineering, for example,
sorting (selection) of cells, Fig. 3, separate micro-
and electromanipulations with cells [11, 12].

As for the robotization of cellular biotechnology.
Despite the fairly well-saturated market of medical
robot surgeons, it should be noted that there are no
microsurgical robots for working at the cell level, not
to mention deeper, atomic-molecular, yet. Almost all
micro-operations with cells — division, enucleation or
transplantation of nuclei, chimerization, cloning, etc.
- are carried out manually, and micro-tools are also
made handmade or semi-automatic.
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There is no automated diagnostics of the quality
of cells, in particular, reproductive ones, either at the
input or output stages (after biotechnological proce-
dures) yet. It all depends on the experience and skill
of a biotechnologist.

As an example, Figure 4 shows a typical auto-
mated system for performing a number of basic mi-
crosurgical operations on a cell using a micro-tool
fixed in motorized holders. The movements of the
micro-tool during the operation on the cell are per-
formed by a biotechnologist using a joystick in the
field of view of a light microscope.

In general, animal husbandry biotechnology is
almost not provided with automated and even more
so with robotic technical systems and means of im-
plementing the above-mentioned processes. Here
we see the widest field of activity for biotechnologists
in alliance with robotics engineers. For example, the
accumulated world experience and experimental
data on the development of the latest methods and
equipment for electromanipulation with living animal
cells (in reproductive biotechnology) have already
reached a stage where full automation of these bio-
technological processes can be widely and safely
implemented [10 — 13].

This is also facilitated by the fact that the main
processes of the cell's vital activity, even without ex-
ternal influences, are of an electrical nature and are
determined by electrical forces. Therefore, hardware
methods of electromanipulation are relatively easily
integrated into automated measuring and control bi-
otechnological complexes, due to the fact that the in-
formation signal already has an electrical nature and
it does not need to be further transformed [14 — 17].

Thus, there are good prospects for the gradual
system robotization of complex cellular and genetic
engineering processes associated with the purpose-
ful transformation of biomaterial (biomacromole-
cules, cells, organs, tissues) for the accelerated pro-
duction of animals with specified economically useful
characteristics.

It should be noted that the proposed scheme,
Fig. 1, remains valid for all types of animal hus-
bandry: large, small, poultry farming, and also, in
particular, beekeeping, where automation so far is
reduced to the fantasies of enthusiasts, although not
groundless [18].
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Fig. 4. An automated system for microsurgery of

the cell, including an inverted microscope, motor-

ized micro-tool holders, micro-pumps and a video
monitoring device

There are also other directions and processes
that are not directly reflected in the proposed scheme
on (Fig. 1), but are very important in the organization
of the entire livestock industry, already automated or
having the capabilities of robotics. Such are, for ex-
ample, automated systems of microclimate, remote
veterinary, zootechnical control and accounting of an-
imals. There are also logistical and environmental as-
pects of animal husbandry that have so far been al-
most untouched by robotics, and even such an im-
portant one as the ethological aspect.

Conclusions. It seems most likely that the de-
velopment of robotic animal husbandry systems
should follow the path of intellectualization of exist-
ing technical means, as well as the creation of new
ones that are still absent in modern biotechnologies
and are being developed to control technological
processes at a qualitatively new level in order to
gradually reach automatic (robotic), unpopulated
technologies in animal husbandry.
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MepcnekTUBHBLIE acneKkTbl
B pa3BUTUM po6OTU3aLMM NPOLLECCOB XXMBOTHOBOACTBA

B.A. lWurumara, H.I'. KocynuHa, M.A. YépHas, U.U. Bopopan

Po6oTu3aLms oxsaTbiBaeT NPaKTUYECKN BCE OCHOBHbIE, TPyAOEeMKMe U 0aHOOGpasHbIe TEXHONormyeckne
NpoLiecchl XKMBOTHOBOACTBA — NOArOTOBKA M pasdaya KopMoB, AoeHNe, yGopKa HaBo3a, CTPWKKA LLIEPCTU, KOH-
TPOIb, CYET M yNakoBka Avu 1 T.N. Kaxablii 13 3TUX NPOLIECCOB K HACTOSILLLEMY BPEMEHUN HAaXxoAWUTCS B pasnuny-
HoW cTeneHun poboTusauunn. K nprMepy, BCe OCHOBHbIE TEXHOMOrMYeckne aTtarbl NONy4eHns MOMoKa yxe po-
60TU3MPOBaHbI HACTOMNBKO MOSHO, YTO Aanee BO3MOXHO NiLLIb COBEPLUEHCTBOBaHNE pa3paboTaHHbIX aBToMa-
TUYECKNX AOWUMbHBIX KOMMIEKCoB. Buammo, aHanormyHas cuTyauust OSKHa CrOXMTbLCS CO BpEMEHeM U B
OPYIVX TPYOOEMKUX, HO 3HaUMTENbHO MeHee UM COBCEM He POBOTU3MPOBAaHHBLIX OTPACAX XUBOTHOBOACTEA.
C Opyrovi CTOpOHBI, MpoLecchl, TpebytoLume TBOPYECKOro, MHTENMEKTYarnbHOro Noaxoaa K peLleHuo TEXHONMO-
rMYecKMx 3agad KMBOTHOBOACTBA, MOKa BbiNafaloT U3 Nons 3peHns paspaboTUNKOB POBOTOTEXHUYECKUX CU-
cteM. Cpeau Takux elle He pobOTU3NPOBAHHBIX PYTUHHbBIX NMPOLIECCOB MOXHO OTMETUTL MACCOBYHO BaKLMHa-
LIVIO XXMBOTHBIX UMW BETEPUHAPHBIN KOHTPOIb MOronoBbs, NeYeHne n GUOTEXHONOorMYeckne npoLeaypsbi.

BroTexHonornsa X1BOTHOBOACTBa — 3TO MEPCNeKTUBHOE U NPUOPUTETHOE HanpasreHue pasBuTust oT-
pacnu, HanpaBreHHOe Ha YCKOPeHHOE COBepLUEHCTBOBaHME CYLLECTBYIOLIMX M CO3daHMe HOBbIX nopopd, Bu-
[10B XXMBOTHbIX C LIeNbio NOMydYeHnst Makcumyma npoaykuun. B HacToslee Bpemsi 4acTUYHO aBTOMaTU3npo-
BaHbl N1LLb HEKOTOPbIE 13 NMPOLIECCOB BUOTEXHOMOMM XMUBOTHBIX - Npouecchl JHK-TexHonormi 1 Tonbko oT-
JenbHble onepaunn KNeToYHOW U FeHHON UHXEeHepuu, HanpuMmep, COPTMPOBKA KIETOK, OTAENbHblIE MUKPO- U
3MEeKTPOMaHUNYNALUM C KNETKaMM.

B ctatbe npennoxeHa ycroBHas cxema MepcnekTuB pasBuTUs TPaaMLUOHHbLIX U MHHOBALMOHHBLIX Mpo-
LileccoB >KMBOTHOBOACTBA. [lepBble SABMSAOTCA OCHOBHbIMW (OO€HWe, KopmreHue, y6opka HaBo3a), K
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HacTosILLLEMY BPEMEHM B pa3HOM CTEMNEHN poOOTM3MPOBaHbI N MMEKOT MEPCNEKTUBbI K COBEPLLUEHCTBOBAHMIO
[0 nosiHon poboTmsaumn. BTopble SBNSTCS BCnomoraTenbHbIMU (BeTEpUHapHble, BuoTexHonormdeckme, ce-
NEKLMOHHbIE 1 Ap.), NOoKa eLle He poboTN3MPOBaHbI, HO UMEIOT 3HaUYUTENbHbIE NepPCneKkTUBbI poboTM3auun B
onunxaviwune 5 — 15 net 6narogaps BHeAPEHWIO OTAENbHbIX aBTOMaTU3NPOBAHHbIX YCTPOWUCTB M NpubopoB.

KnioueBble cnoBa: pobomomexHuka, nepcriekmusa, rnpoyecce, XusomHoeodcmeo, buoOmMexHoI02us.

AHoTauin
lMepcneKkTUBHI acnekTu
B PO3BUTKY poboTusauii npoueciB TBapMHHULITBA

B.O. Wurumara, H.I'. Kocynina, M.O. YopHa, I.I .Bopoaan

Po6oTm3zauia oxonntoe NpakTMYHO BCi OCHOBHI, TPYAOMICTKi i OQ4HOMaHITHi TEXHOMNOrIYHI NpoLecu TBapuH-
HMUTBa — NiAroTOBKa i po3gaya KopMmiB, AOIHHS, NPUOMpPaHHS THOK, CTPWDKKA BOBHU, KOHTPOSb, PaxyHOK i yna-
KOBKa SIELb i T.M. KOXXEH 3 LMX NPOLIECIB 4O TENEPILUHbOro Yacy 3HaXOAMUTbCS B Pi3HOMY CTyneHi poboTunaaldlii.
Hanpwvknag, BCi OCHOBHi TEXHOMOTiYHI eTann OTPUMaHHs MOJIOKa BXe pobOoTM30BaHiI HACTINbKM MOBHO, Lo Aani
MOXIIMBE NULLE BAOCKOHANEHHSI po3pobieHnx aBTOMaTUYHUX JOiNbHUX kKomnnekciB. MabyTb, aHanoriyHa cu-
TyaLisi TOBMHHA CKIMAcTUCH 3 YacoM i B iHLUMX TPYAOMICTKMX, ane 3Ha4yHo MeHL abo 30BCiM He poO0TU30BaHMX
ranyssix TBapMHHUUTBa. 3 iHWoro 60Ky, npouecu, LWo BMMaralTb TBOPYOro, iHTENEKTyanbHOro nigxogy Ao
BUPILLEHHSA TEXHOMONYHMX 3aBAaHb TBAapPUHHULITBA, NOKM BMNagalTb 3 Nons 30py po3pobHukiB poboToTex-
HiYHMX cuctem. Cepea Takmx Le He pobOTM30BaHNX PYTUHHMX NPOLECIB MOXHA BiA3Ha4YNTM MacoBY BaKLUHa-
Ljito TBapuH abo BEeTEepMHAPHMI KOHTPOMb MOronie’s, fikyBaHHSA Ta BioTexHOMNorivHi npoueaypu.

BioTexHornoria TBApMHHMLTBA - Lie NepCnekTUBHUI i NPIOPUTETHUIA HANPAMOK PO3BUTKY ranysi, CnpsmMoBa-
HWUI Ha NPUCKOpPEeHe BAOCKOHAMNEHHS iCHYIUNX i CTBOPEHHS HOBMX MOPIi4, BUAIB TBAPMH 3 METOI0 OTPUMaHHS
MakcMMymy npoaykuii. B gaHum yac 4acTkoBO aBTOMAaTM30BaHi nvLle gesiki 3 npouecis 6ioTexHonorii TBapyH
— npouecn OHK-TexHONOrin i TiNbKKU okpeMi onepauii KNiTUHHOI i FeHHOT iHXeHepil, Hanpuknaa, copTyBaHHS
KINITVH, OKPEMI MIKpO — i enekTpomMaHinynsuii 3 KniTmHamu.

Y cTaTTi 3anponoHoBaHa yMOBHa CXema NepCrnekTUB PO3BUTKY TPaauuiHUX Ta iHHOBAUiMHMX NPOLECIB
TBapuHHMUTBA. lleplwi € OCHOBHMMM (OOIHHS, rOAyBaHHs, MpubuMpaHHsl rHO), OO TEMNepilHbOro yacy B
pi3HOMY CTyneHi pob0TM30BaHI i MaloTb NEPCNEKTMBIN 40 BOOCKOHANEHHS! A0 NOBHOI poboTusadii. [pyri € go-
NOMXHUMUK (BETEPUHAPHI, BIOTEXHOMOTIYHI, CeNEKUiHI Ta iH.), MOKM We He poOOTU30BaHI, ane MatoTb 3HAYHI
nepcnekTuem poboTmaauii B Hanbnmxkyi 5 — 15 pokis 3aBAsKy BNPOBagKEHHIO OKPEMMX aBTOMAaTM30BaHWX Npu-
CTpoiB i npunagis.

KnrouoBi cnoBa: pobomomexHika, nepcriekmusa,npouec, meapuHHUYmMeo, 6iomexHorsozais.
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