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PAPABOTKA PEX KUMHBIX TAPAMETPOB UK OBJIYUYEHUSA
MOPOCAT-OTHEMBIIIENA ITO AHAJIN3Y NOBEJEHUA )KUBOTHbBIX
C UCITOJIb3OBAHUEM BUJAEOHABJIOAEHUSA

AHHOTANMA: AKTYaJIbHOCTh HCCIICIOBAHUS OIpPENEseTCs] HEOOXOAUMOCTHIO CHIDKEHHS SHEPrOeMKOCTH IPOU3BOJICTBA
MPOAYKIMH B MHTCHCHBHOM JXHBOTHOBOJACTBE. [lociennee BO3MOXKHO HAa OCHOBE HCHONIB30BaHMS WHHOBAIIMOHHBIX METOIOB
U TEXHUYECKUX CPE/ICTB MHTEIUICKTYaIbHOTO YIPABJICHUS CIOKHBIMA OUOTEXHUYECKUMHU CHCTEMaMH C UACHTH(HKAIINEH TTOBe-
JCHUS )XKUBOTHBIX U YIIPABJICHUEM C HUCIIOJIB30BAHUEM CPEACTB BI/I}IleOHaG]'l}O)IeHHﬂ. B craTtbe IPUBEJACHDBI PE3YJIbTAThI SKCIICPU-
MEHTAJIBHBIX HCCIIE0BAaHUN SHEPrOAKOHOMHYECKOH 3P (HEKTHBHOCTH aBTOMATH3HPOBAHHOM CHCTEMBI HHPPAKPACHOTO 00ITyYe-
HUSI TIOPOCSAT-OTHEMBIIICH ¢ PeXKUMaMU OOIyUCHNsI, YCTAHOBICHHBIMU I10 aHAJIN3Y BH/ICOHAOIIOCHYS ITOBSICHHS JKUBOTHBIX.
B kauecTBe 3TONOrHYecKoro nNpu3HaKa /I aHaJIN3a TOBEICHNUS KUBOTHBIX OBLIT IPHHAT MPU3HAK PACIOIOKECHHUS KUBOTHBIX 110
TUIOMIA/IN TI0JIa OTHOCUTEIBHO TETJIOr0 HCTOYHHNKA — TEMHOTO HH(pakpacHoro obmyuarens. B pe3ynbrare sKkcrepuMeHTaIbHBIX
UCCIIE/IOBAHNN Ha OCHOBAHMM JIAHHBIX BUJICOHAOIIOACHUS ObLIN orpeneneHsl pexumbl UK 00aydeHus o CTaTHCTHYECKOMY
aHaJIM3y TOJIOIMYECKOro MPH3HAKA PACIIOIOKEHHSI JXHBOTHBIX OTHOCHTEIIBHO TerioBoro ucrounnka MK obmyuenns. [lanubie
PEeXHUMBI OBLIM 3aHECEHBI B IIPOrpaMMy MHKPOKOHTpoOJUIepa, B TedeHue 20 JHel OmbITHAs TPyMIIa >KHUBOTHBIX IOJIBEpPrajach
MK ob6ydennio o ycTaHOBICHHBIM peKUMaM. B pe3ynbsrare skcriepruMenTa ObIIIO YCTAHOBJICHO, YTO PAa3pabOTaHHbIE PEKIMEI
UK 06mydyeHns mo3BOSIOT MONXYYHTh JOMOIHUTEIBHYIO BRIPYUKY 2,97 py0/Toil, B TOM YHCIE 00eCIeYNBAIOT SKOHOMHYESCKHIA
a¢dext Ha oborpese 0,89 py6/roin. PaspaboTanusie pexxiumbl K 061ydeH s TOPOCAT-0TbeMbIIIeil HCKII0YaI0T 001Iee 0ToILIe-
Hue. ABToMarnsupoBanHas yctaHoBka MKOB-1 mo3BonsieT orpabatsiBath Heprod)(GEeKTUBHbBIE 300TMIHEHUYECKHIE PEXKHMBI
COJiep)KaHMsl )KUBOTHBIX Ha OCHOBE 00pa0OTKM JaHHBIX U HHCTPYMEHTAPUS BHJICOHAOIIOICHUS C HCIIOIb30BAHUEM JIaTIHKA TEM-
nepartypsl Bo3ayxa B 30He MK obmydenus. Baaronapnoctu. Pabora BeimonHeHa mpu noauaepskke benopycckoro pecryonukan-
ckoro Qona GpyHIaMeHTaIBHBIX UCCIeIOBaHNH B paMkax noroBopa T18M-001 «KommekcHoe sHEproobecieueHre ynpasise-
MBIX OHOTEXHHUYECKUX CHCTEM B arpapHOM MPOU3BOCTBE C UCHOIb30BAaHUEM BO300OHOBISEMBIX HCTOYHUKOB SHEPTUN.

KirwueBble €JI0Ba: HHTCHCHBHOE )KMUBOTHOBOJICTBO, YHEPT0dPPEeKTUBHOCTD, HHPpaKpacHOe 00IyUCHHE, BHICOHAOITIO-
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DEVELOPMENT OF MODE PARAMETERS OF IR IRRADIATION OF WEANERS ACCORDING
TO ANALYSIS OF ANIMAL BEHAVIOUR USING VIDEO SURVEILLANCE SYSTEM

Abstract: The research relevance is determined by the need to reduce the energy intensity of intensive livestock pro-
duction. The latter is possible on the basis of innovative methods and technical means of intelligent management of complex
biotechnical systems with identification of animal behaviour and control using video surveillance systems. The paper presents
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the results of experimental researches of the energy efficiency of an automated infrared irradiation system for weaners with
irradiation modes set according to analysis of video surveillance of animal behaviour. A sign for the location of animals along
the floor area relative to a warm source — a dark infrared irradiator, was defined as an ethological sign for the analysis of
animal behaviour. As a result of experimental studies, based on the video surveillance data, IR-irradiation modes were deter-
mined by statistical analysis of the ethological sign of the location of animals relative to the thermal source of IR-irradiation.
These modes were recorded in the program of the microcontroller, within 20 days the experimental group of animals was
exposed to IR-irradiation according to the established modes. It was determined that the developed irradiation modes ensure
additional profit of 2.97 roubles per animal, including economic effect for heating of 0.89 roubles per animal. The developed
IR irradiation modes for weaners exclude general heating requirement. The IKOV-1 automated plant allows to develop en-
ergy-efficient zoology hygienic modes for animals management based on data processing and video surveillance equipment
using air temperature sensor in the IR irradiation area. Acknowledgement. This research was supported by the Belarusian
Republican Foundation for Fundamental Research under the T18M-001 Contract “Integrated energy supply for controlled
biotechnical systems in agricultural production using renewable energy sources”.

Keywords: intensive livestock breeding, energy efficiency, infrared irradiation, video surveillance, pig breeding, wean-
ers, microclimate, ethology, animal behavior
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BBenenue. DxoHomuyeckas 3(p(EeKTUBHOCTh WHTEHCHBHOT'O XHBOTHOBOJICTBA 3aBUCHT OT PaIlHo-
HaJIbHOT'O COJIEP’KaHUs KUBOTHBIX, KOTOPOE B 3HAUMTENIHHOM Mepe OompeensieTcsl HaJlluyueM OMNTH-
MaJbHOrO MHUKpOKJIMMara B mnomemeHusx [1]. Kakumu Obl BBICOKHMH HOPOIHBIMHM U IJIEMEHHBIMH
KadecTBaMM HU oOJiaJjaiy XKUBOTHBIE, 0€3 CO3JaHMsI HEOOXOOUMBIX YCJIOBMH MHUKDPOKJIMMATa OHU He
B COCTOSIHUU COXPAaHMUTH 3710pPOBbE M MPOSIBUTH CBOU MOTEHIIMAJIbHbBIE MPOU3BOANTEIBHBIE CIIOCOOHO-
ctu. CriefoBaTeNbHO, OJHUM M3 BaXXHEHIINX YCIOBUH YCIEIIHOTO BEJIEHUS CBUHOBOJICTBA Ha MTPOMBII-
JICHHOW OCHOBE SIBJISIETCSl COZEPYKAHHME TOTOJIOBbS B ONTHUMAJIBHBIX YCJIOBHUSIX CPEAbl ISl KaXKJIOU I10-
JI0BO3pacTHOH Tpynmel. ObecrnedeHnne ONTHMaTbHOTO MUKPOKINMaTa TIOMEIIEHU ST — BaKHEHIIIee ycIo-
BHE peaju3alliy POJAYKTUBHBIX 33J1aTKOB CBUHEH [2]. OCOOCHHO JJaHHOE YTBEPKJICHHUE CIIPABEIIUBO
IUTSL TIOPOCAT-OTHEMBIILICH, MEXaHU3M TEPMOPETYJISLUN Yy KOTOPBIX XY’Ke, YeM y B3POCIbIX CBUHEH [3].
Kak cnencrsue, BaskHeiee MeCTO B MTHTEHCUBHOM CBHHOBOJICTBE 3aHMMAIOT CPEACTBA U METOJbI 000-
rpeBa )KMBOTHBIX, B YaCTHOCTH MoJjoAHsKa. lllnpokoe pacpocTpaHeHre CeroaHs Moy YN CUCTEMBI
nH(ppaKkpacHoro oonydeHus KuBoTHBIX [4—6]. Cornacuo [7], UK o0nyyeHne ciocoOCTBYEeT CO3aHHIO
OIITUMAJIbHBIX YCIOBHH IJIsI COAEP)KAHUS IOPOCIT-OTHEMBIILIEH Ha IPOMBIILITICHHON (epMe u, CiIeaoBa-
TEJIBHO, COJICHCTBYET YBEINYCHUIO UX IPOAYKTUBHOCTH U COXPAHHOCTH.

CornacHo MHPOPMaIMOHHO-TEXHONOrHUeckor KoHuenuuu Industry 4.0 (ueTBepTas MpoOMBIIIJICH-
Hasl PEBOJIIOLMS), HA COBPEMEHHOM 3Talle Pa3BUTHUsI TEXHOJIOTUH HeM30eKHA M HEOOXoIuMa MHTErpa-
LUsl BBIYHUCINUTEIBHBIX PECYPCOB B (PM3UUECKUE IPOLECCHI, YTO COOTBETCTBYET TaK)KE CMEHE ISATOro
TEXHOJIOTHYECKOT0 YKJIa1a mecThM [§].

Cenbckoe XO35MCTBO B IIEJIOM M JKHUBOTHOBOJACTBO B YACTHOCTH B 3TOM CMBICIIE HE HCKJIIOUEHHUE.
[oBeimienne >PPeKTUBHOCTH (PyHKIMOHUPOBAHUS TEXHOJOTMUYECKUX MPOLECCOB B arpapHOM IPOM3-
BOJICTBE, COIJIACHO JIAHHON KOHILIEHIUHU, CTAHOBUTCA BO3MOKHBIM IIyTEM BHEAPEHUS B HUX MHTEIUICK-
TyaJbHBIX CUCTEM YIIPaBJIEHUS, B TOM YHCIIE UCTIOIB3YIOUIUX CPEACTBA MAIIMHHOTO 3pEHUs, BUIEOHA-
OJI0/ICHUS U paclio3HaBaHUs 00Pa30B.

[IpumeneHne BUACOHAOIIOAEHNUS B HHTEHCHBHOM XHBOTHOBOJCTBE B 00IIEM Cllydae MO3BOJIUT pe-
IIUTH CICAYIONIUE 3a1aqn [9]:

— BU3yaJIbHOE HAOJIOACHUE PEeabHOI0 MECTONONOKEHHM S, TIEPEMEIICHHUST U TIOBEJCHHUSI YKMBOTHBIX
U IPYTUX NOABHXKHBIX OOBEKTOB;

— XpaHEeHHE UCTOPUH KOOPAMHAT U BUIECO3AIUCEH HAXOXKACHUS )KUBOTHBIX HA TEPPUTOPUM CTAHKA
B 3a/IaHHBIN IPOMEKYTOK BPEMEHU;

— (opMupoBaHUE JAHHBIX 00 OTKJIOHECHUH KMBOTHOI'O OT MapIIpyTa JABHKCHHSI UITU MTOBEACHUS;

— I0Aa4a CUrHAJIa TPEBOTH B PEaJIbHOM BPEMEHH IIPHU OTKJIOHEHHH OT MapLIpyTa MM HEHOPMaJlb-
HOTO TTOBEJICHUS;

— HaOJIIo/IeHNe YCIOBHI COACPIKAHMUS )KUBOTHBIX M PA0OTHI TEXHOJIOTHYECKOT0 000PY/I0BaHHUS;

— olpeesieHue HHANBHUYaIbHONW XapaKTEePUCTHKH KUBOTHOTO (TTOJIOKEHHUE TeJla B IPOCTPAHCTBE,
MOJHOTEJIOCTD, TEJIOCI0KEHHE, COCTOSIHUE LIIEPCTHOTO MOKPOBA U KOKHU, IPUCYTCTBUE UIH OTCYTCTBHUE
BBIJICTICHUH U3 HOCA, T1a3);
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— HaOJIOEHUE AKLEHTUPYEMOIO KHBOTHOI'O U OIPEAEICHNUE CTPYKTYPhl IOBEACHUS (IIPOLOIIKH-
TEIBHOCTD JIEKAHU S, CTOSTHUS, KOPMJIEHU I, TOEHHU S, IBUKEHHS B CTaHKE);

— oOHapy’keHHe O0JIBHOTO KHBOTHOTO IIyTEM CEJIEKTUBHOI'O OCMOTpPA M HAOJIIOICHMS [IOBEACHYE-
CKHUX pEeaKLHnii;

— HaOJI0IeHNE TPEAPOIOBEIX IPU3HAKOB U POJOB JKHUBOTHOI'O B CHELMAILHOM ITOMEIICHUH.

B cBoto ouepens, mpobiema aHalln3a MOBEACHUS KUBOTHBIX, pPeliaeMasi KOMIIJIEKCHO MHOTHMMH Ha-
YYHBIMH TUCUUIIIIMHAMU, UMEET CICAYIOLINE IPAKTHUECKUE 3a1a4l, KOTOPbIe BO MHOI'OM II€PECEKAI0T-
sl ¢ IepeUYHCICHHBIMU 3aJ[a4yaMy, pelliaeMbIMUA TPUMEHEHHEM TeXHOJIOT Ml MarimHHoro 3penus [10—11]:

— pa3paboTaTh GU3HOIIOTHIECCKHE, [CHETUUECKHE, TOJOIMUECKUE IKCIIPECC-METOABI OLICHKH I10BE-
JICHUS TIOMYJISIITUH )KUBOTHBIX B POU3BOJCTBEHHBIX yCIOBUSX;

— H3YYHUTHb (PEHOMEHOJIOTHIO (BHEIIHEE MPOSIBICHHE) MOBEACHUS KUBOTHBIX C IENBI0 YCTaHOBJIE-
HUS1 HOPM JUJIs1 TEXHOJIOTMYECKOr0 IIPOEKTUPOBAHUS;

— W3YYHTH Bce (POPMBI MIPOSIBICHUS TIOBECHHU S CETTbCKOXO3AHCTBEHHBIX )KMBOTHBIX B IIETISX PALIUO-
HaJIbHOW OpraHM3alMy IPOU3BOJCTBA HA )KUBOTHOBOAUYECKUX KOMIIIEKCAX;

— OMNpeneNuTh JONYCTUMBIC TPEAeIbl KoJeOaHUH (GakTOPOB BHEIIHEH CPE/bl, B TOM YUCIIE MUKPO-
KJINMaTa, OKa3bIBAIOIMX BIMSHUE HA OPraHU3M JKUBOTHBIX U UX IPOLYKTHBHOCTD;

— YCTaHOBHUTb ONTHMAaJIbHBIE PEKUMBI KOPMJIEHUS U 000TpeBa;

— OINpENeNNUTh BEJIMYMHBI TPYIII )KMBOTHBIX, & TAK)KE MPUHIUIBI GOPMUPOBAHUS U HEPErpynIu-
POBKH KMBOTHBIX;

— M3Y4YUTh OajJaHC IBUTATEIbHON aKTUBHOCTH B YCJIOBHSIX IPOMBILIICHHOTO >KHBOTHOBOACTBA.

AHaJN3 TIOBEICHUS KUBOTHBIX C IEJIBbIO MOBBIMICHHS dHEProdQPEKTHBHOCTH TEXHOIOTMYECKUX
MIPOLIECCOB B dKUBOTHOBOJICTBE XOPOIIO COTJIACYETCS ¢ IPUMEHEHNUEM BUICOHAOIIOCHNU .

3anada MprUMEHEeHHsI CPE/ICTB B ICOHAOIIONICHHS C TIENTBI0 BU3YaIbHOTO KOHTPOJIS )KUBOTHBIX [12, 13],
B TOM YHCJIE HACHTU(DHUKALMY TTIOBEACHUS KUBOTHBIX [14, 15], HEOMTHOKpATHO onKcaHa B 3apyOeKHOM JIu-
TepaType, OMHAKO C LIEJIbI0 KOHTPOJIS U YIPABICHUS TEXHOJIOTMYECKUMH IIPOLIECCAMU TaKas 3a/ada He
pelangack U He CTaBUIIACh.

[Ipumenurenpro s ayarctoro MK obGorpesa mopocsaT-oThEMBIIICH JaHHBIN MMOAX0I Hamboee
MoKa3aTelieH, TaK KaK BH3YyaJbHBIH KOM(OPT y HUX 4Yalle BCErO0 TOXKIECTBEHEH (DHU3MOJIOTHUYECKOMY
xomdopty [16, 17].

CyuiecTByOIKe METObI KOHTPOJIS M MOAEPKaHUs ONTHMAJIbHOTO MUKPOKJIUMATa B KHUBOTHO-
BOJYECKOM MOMEILICHUH HE COBEPILEHHBI U 0a3UPYIOTCSI HA HOPMUPOBAHUH MOKa3aTesel MUKPOKJINMA-
Ta, HE YUYUTHIBAIOIINX COCTOSIHUE )KUBOTHBIX B peaibHOM BpeMeHu [18, 19].

[oBeimienne 3HEProdPpHEeKTUBHOCTH TEXHOJIOTHUYECKUX MPOLECCOB MHTEHCUBHOIO KMBOTHOBOJI-
CTBA C UCIIOJIb30BAHUEM CPEJCTB BUICOHAOIIOICHHUSI SIBIISETCS aKTyallbHOM 3a/1aueid JIIsl CHHOKSHHS 3a-
TpaT pa3IUYHBIX PECYpPCOB H, KaK CJIEACTBUE, MOBBIIICHUS KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMH OTe-
YECTBEHHOT'O CEITbCKOT0 X03sHcTBa [20-24].

Henp paboTel — paszpaboTka pexxnma MK-o0mydeHuss mopocaT-oThEMBIIICH € y4eToM TMoBele-
HUS KUBOTHBIX.

OcHoBHast yacTh. [y onleHKH dHepreTuyeckoil s dextuBHOCTH MekTpoTexHonorun UK obiy-
YEeHUs MOPOCAT-OTHEMBILIEH C ONPEAETICHUEM TEXHOJIOTMYECKHX PEKHUMHBIX NMapaMeTPOB CHUCTEMBI
UK 00iydeHus ¢ UCIOJIB30BAaHUEM CPEJCTB BUJICOHAOIIOJICHUS ITOBEIICHUS JKUBOTHBIX B SKCIICPUMCH-
TaJIbHO-ONBITHOH 1mKose-pepme Hayuno-nmpakruueckoro nentpa HAH benapycu 1o ;kMBOTHOBOJCTBY
B 2017-2018 rr. OBl7Ia CIPOEKTHPOBAHA U CMOHTHPOBAaHA aBTOMaTH3upoBaHHast yctaHoBka UK oGiyye-
HUS )KUBOTHBIX B KOMILJIEKCE C cucTeMOM BuaeoHaomonenns MKOB-1.

YeranoBka MKOB-1 cnocoOHa mojjiep)kuBarh Mpyd aBTOMAaTHYECKOM W PYYHOM YTPABICHUU HC-
cienyeMblii mporpaMMHublid pexum UK oGiydenns nopocst-orbemblineil. OOpaTHas cBS3b B CUCTEME
yIpaBieHus] 00JTyd4eHHEM OCYIIECTBIISIETCS MO TeMIieparype Bo3ayxa. B Tabmn. 1 mpencrasieH mepe-
YeHb U XapaKTepUCTUKH 000pyaoBaHus, Bxoasmero B cucreMmy UK o0myyeHus KUBOTHBIX.

JlaTuuk TeMmepaTypbl yCTAaHOBJIEH Ha BBICOTE IOZBECA 00IydaTeneil B MecTe HeNpsiMOro Iomnaaa-
uus UK obnydenus. Bricota mogseca obnyuareneil ycTaHOBJIEHA SKCIIEPUMEHTAIBHO U paBHa 1,25 M.

B Ta0un. 2 npeacTaBieH nepeueHb U XapaKTePUCTUKH 000pYJOBaHUS, BXOISILIETO B CHCTEMY BUIEO-
HaOTIOICHHS 32 KUBOTHBIMHU.

Ha puc. 1 mokazana cxema pacroyioxKeHHst 000py0BaHMsI SKCIIEpUMEeHTaIbHON ycTaHoBKH TKOB-1.
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Taobawmma 1.

Oo6opynoBanue cucremsbl UK 001yuenus

Table 1. Equipment for IR irradiation system
O6opynoBanue Koun-Bo, ex. XapakTepucTHka

Onexrpudeckuil UK nsnygarens ¢ aByms 2 Momnocts 2,2 kBrt, Hanpsxenue 380 B
9MaHAIHOHHBIMH TUIACTHHAMHI
JlaTuuk Temmeparypbl 2 I-WIRE, +1 °C, IP66. YcTaHOBJIEH B MECTE HEMPSIMOT'O 0TI IaHH S

HK-o0myqenus
[xad cHIOBBIX CHMHCTOPHBIX KOMMYTa- 1 BcTpoenHble 0oNTOH301MPOBAaHHBIE (HOPMHUPOBATETU CHHXPOHM-
TOpPOB I1yJICOB
DNeKTPOHHBIN TpeX(a3HbIl CUSTIHK 1 Ob6ecrieueHue 3a1anust: 10 48 TapuHBIX 30H B CyTKH, TUCKPET-
COT7007 HOCTH — 30 MHUH
Biok aBTOMaTHYECKUX BBIKJTIOUATEICH 1 3amurTa OT KOPOTKUX 3aMbIKaHUM, 3amiuTa oT neperpesa. 380 B, P54
MukponporeccopHblil MOy 1 BosMoxHOCTB TporpaMMHoOro ymnpasierus pexxumom UK obmryue-
MIPOrpaMMHOTO YIIPABIICHUS HUS JIUTS] KXKI0T0 Yaca B CyTKU
MukponpoueccopHslii MOLYIb PYyYHOIO 1 BozMoxkHOCTE py4uHOro 20-n03UIHOHHOIO yIIPABICHUS
yHpaBIeHUS

Tabaumma 2.
Table 2.

O06opynoBaHue CHCTEMBbI BH/I€OHAOTIOIEHUS 32 ;KUBOTHBIMH

Equipment for animals video surveillance system

O6opyaoBanue

XapaKTCpMCTI/IKa

IloBopoTHas IP Bugeoxamepa

[ToBopoTHast PTZ xamepa; 2Mm; 1920 X 1080. Knace 3amursr: IK10, IP66

KoMMyTarop-perucTparop CHCTEMbI
BHUICOHAOJIFOIEHU S

MaxkcumanbHOe pa3peleHne NOAKIIYaeMbIX BUAeokamep: 6 M

KecTkuit AUCK 115 3aIIUCH BUI€0apXKBa HDD 1 Tb

bnok nutanus 220B/12B; 5A; 60BT

1900

< 3800 1300

w1

o }
g T s
g | e | |-J

T2

| | 1 |
wy F[ uws
orpuy K APM

Puc. 1. Cxema pacmonoxxeHusi 0O0OpyZOBaHHUS OSKCIIEPUMEHTATBHOMN
ycranopku MKOB-1: El, E2 — UK wuznyuarenu; W1 — Buaeokamepa;
T1, T2 — uudpossle naTunku Temiepatypsl; LY — mkad ynpasinenns;
B — mxa¢ Buaeopeructparopa; APM — aBromarnsupoBannoe pabouee
mecto; P — pacnipenenuTenbHbIi AT
Fig. 1. Layout of equipment of IKOV-1 experimental plant:
El, E2 — IR irradiators; W1 — video camera; T1, T2 - digital
temperature sensors; IIIY — control cabinet; [IIB — DVR system cabinet;
APM — automated workstation; PIL[ — switchboard

Bupneokamepa 3akperuieHa Ha Ha-
CTCHHOM KpOHIITEHHE Ha BBICOTE
2,2 M TakuM 00pa3om, YTOOBI H3ITyda-
TETH HE 3acOHSIN 0030p KMBOTHBIX
M OTCYTCTBOBAJH 30HBI HEBHJIUMOCTHU
B 00J1aCTH COJICPIKAHUS JKUBOTHBIX.

B cxeMy ombiTa OBITH BKIIOYEHBI
JIBE TPYIIIBI )KUBOTHBIX: KOHTPOJIbHAS
W OIbITHasA, MO 24 MOpoceHKa B Kax-
noi. OGorpeB B KOHTPOJIBHOW TpyTIIe
OCYHIECTBIISIIICS OOIIEH OTOMUTENHHO-
BEHTWJISIIIUOHHOM CHUCTEMBI B KOM-
TIJIeKCe ¢ 000rpeBaeMBIMH KOBPHUKAMH.
OGorpeB ONBITHOH CEKIMH OCYIIECT-
BIsICsS TeMHBIME WK oOmydarensamu.

OnbIT MPOBOAMIM HAa MOPOCATAX-
OTHEMBIIIAX, HAYaJbHBIA BO3PACT KO-
TOPBIX COCTABIISII 2 Mecslla, B TEUCHHUE
20 mueii. Ilopoma >XMBOTHBIX — Oelo-
pycckas mscHas. KopmieHue B oOenx
rpymnmnax cyxoe (KOMOMKOPMOBasi CMECh
CK-21), npoBoauiioch 1o rpaduky: nep-
Boe KopmiieHue — B 9:00, nanee — uepe3
3 4, g0 21:00.

OKCIIEpUMEHT TPOBOIWUIN B XO-
nmoxuoe BpeMs roma (I kBapram 2018 1.)
B TeueHue 20 nHeil. Hawano skcme-
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pumMenTta — 5 despans 2018 . OxoHUaHNE IKCTIEPUMEHTA — 230cm
24 despamns 2018 1.
B kadecTBe STONOrMYECKOro IpH3HAKA [JIs aHan3a
OBIJIO TPUHSITO PACIIONIOKESHUE KUBOTHBIX T10 TUIOMIAIH TOJIa A .
orHocutenbHo MK obmyuareneit. LenecooOpa3Hocts aHanu- E E
3a JI]AHHOT'O MPU3HAKa MOBEICHUsT 000CHOBaHA B padore [21] . N é :
Ha ocHoBaHWM aHaim3a JaHHBIX BUJCOHAOIIONCHUS § ;S‘Z 1 §
OBLITM BBISIBIICHBI XapaKTEpHBIE MEPUOJbI, BO BPEMS KOTO- = =
pPBIX JKMBOTHBIE CHEIUPUUYECKH pacIojarajinch OTHOCH- = ~ sl s
tenpHo MK oOmydareneit: nepuon 10 KOPMJICHHUS, BO Bpe- 3 S8
MsI KOPMJICHHS, TIOCJE€ KOPMJICHHS, B IPOMEKYTKE MEXK- 110cm s
Ty KOPMJICHUSIMH.
Hanee st CTaTHUCTUYECKOI'O aHalU3a PacIONOKEHUs

JKUBOTHBIX IUIOIIAAb IOJa SKCHEPUMEHTAJIBHOIO OoKca 40 cm
ObLTa pa3zesieHa Ha TPH 30HBI, KaK [MOKa3aHO Ha pHC. 2: 30Ha
AaKTHBHOTO OOJydYeHHs, MJIM 30HA mpsiMoro nomnaaanus UK
00JydeHns, TeOMETPHUYECKHE MapaMeTpbl KOTOPOH ObLIH
ompeseseHsl dKcrepuMenTanbHo (1); ocranbHas miaomazab  Puc.2. 3ombl Gokca COZepKaHHSL MOPOCST-
rofia 0e3 30HBI KopMIleHus (2); 30Ha KopmiteHus (3). OTheMbIIIeH

Temmeparypa Bo3lyXa B MOMEUIEHWH HA MPOTsHKeHWH  Fig. 2. Areas of box for weaners management
HabOmoneHui coctaisiia 22 °C, 9T0 COOTBETCTBYET 300TEX-

HUYECKUM TPeOOBAaHUSAM COAEPIKAHUS.

Ha npotsbxkenun Tpex IHEH KOJINYecTBO JKUBOTHBIX, HAXOSALINXCS B yKa3aHHBIH HHTEPBAJ BpeMe-
HU B OJHOH M3 30H JI0 YCTAHOBKH B IIPOI'paMMy MUKPOKOHTpoOJIIepa pexkUMHbIX apameTpos MK o0iy-
YeHHsI, 3aHOCHIJIOCH B Ta0IUIly 00paOOTKH MEPBUYHBIX JaHHBIX. JnarpaMmma, cocTaBlieHHas Ha OCHOBa-
HUU CPEeIHUX 3HAUCHUI TaHHOM TaOIuIbl, IPUBEICHA Ha pHC. 3.

Kax BuaHO u3 nuarpaMmbl, 0 ONpENEeNEHUsl U BHECEHUs B IIPOrpaMMy MHUKPOKOHTPOJUIEpa pe-
KUMHBIX napaMeTpoB MK o0mydeHUs: pacrnoyioKeHHe >KUBOTHBIX HMEJIO XapaKTEPHbIE MaKCHUMYMBI
n MmuHUMyMEL. [lepen mepBeiM kopmierueM (¢ 7:00 go 9:00) )kMBOTHBIE TECHO pacIioyiarajiiuch B 30HE
npsmoro nonaganus MK obmydenus (puc. 4, a). B MoMeHT KopMiieHHs (C Hayaja KakJIoro Mepuojaa
KopMIIeHHUs B TeueHre 30 MUH) KHBOTHBIC IPEUMYILECTBEHHO PACIIOJIAratoTCs PsiIOM ¢ KOPMYILKOH

PeweTyatbiit non

18,0

16,0

14,0

10,0 -+

8,0

4,0

2,0

07:00-09:00
12:30-13:00
13:00-14:30
20:30-21:00 =
21:00-21:30
21:30-22:00

Puc. 3. JIlnarpamma pacrosioKeHus OPOCAT-OTHEMBIIIEH B XapaKTEPHBIX 30HaX 10 ycTaHoBIeHHs pexuMoB UK obmydeHus:
HEepBbIH cTOI0EI — KOJTMYECTBO XKHUBOTHBIX B IIEPBOii 30HE, BTOPOI cTOIOEI — BO BTOPOIl 30HE, TPETHI — B TPEThEil 30HE

Fig. 3. Diagram of weaners location in specific areas prior to IR irradiation modes setting: the first column — number
of animals in the first area, the second column — in the second area, the third — in the third area
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(puc. 4, b). HemocpenctBerHo mocite kopmiteHUs (30 MHH TTOCIIe KaXKI0TO KOPMIICHHUST) )KUBOTHBIC TIPEH-
MYIIECTBEHHO PACTIONAral0TCs BHE aKTUBHOM 30HBI 00YUYCHHSI, T.€. 30HBI npsiMoro nonaganus MK o6-
nydenus (puc. 4, ¢). HemocpeacTBeHHO niepes] BTOPHIM U TIOCIIEY FOIIMMU KOpMIICHHSIMU (3a 30 MUH 110
HayaJia) )KUBOTHBIC TAK)KE TECHO PACIIONIarajich B aKTUBHOW 30HE OOJIyUSHHSI, TEMIIEpaTypa BO3yXa
TaKXe J0JDKHA OBITh TIOBBIIICHA, TAK KaK >KMBOTHBIC YCIIEBAIOT mporoyoaaThes (puc. 4, d). B HouHoe
BpeMs (¢ 22:00 mo 07:00) mopocsTa pacmoarajuch OJIM3KO APYT K APYTY.

Puc. 4. PacnonokeHue >KMBOTHBIX B XapaKTEpHBbIC MEPHOABI CYTOK: a — mepex kopmieHueM, 7.00-9.00; b — B MOMEHT
KOPMJICHHSI; ¢ — TIOCJIe KOpMIIeHusT; d — B HOuHOE Bpemsi, 22.00—01.00

Fig. 4. Location of animals during specific periods of the day: a — prior to feeding, 7.00-9.00; » — during feeding;
¢ — after feeding; d — at night, 22.00-01.00

Ha ocHOBaHMH CTAaTHCTUYECKOTO aHAIHM3a PACIIONIOKEHUS JKUBOTHBIX OBLIU CACTAaHBI CIEIYIONNe
BBIBOJIBI. [lepen mepBBIM KOpMIIEHHEM TeMIlepaTypa BO3AyXa B MOMEUICHHUH JI0JDKHA OBITH yBelnde-
Ha. B MomenT xopmutenus MK obnydarenn MoryT paboTtaTh Ha MUHMMAJIBHON MOIIHOCTH, TIO3BOJIS-
IOIIEH HE OCThIBATh KOHCTPYKIIUHU 00JTy4aTellst U 30He aKTUBHOTO 00y4yeHus. HemocpencTBeHHO moce
KOPMJICHHUS TEMIIEpaTypa BO31yXa AOJIKHA OBbITh CHUYKEHA, B CBOIO O4Yepellb, Iepel BTOPHIM U MOCIEAY-
IOMIUMMU KOPMJICHUSIMU TEMIICpATypa BO3yXa JOJI?KHA OBITH MOBLINICHA, TAK KAK JXUBOTHBIC YCIICBAIOT
nporosofathes. [I0CKOMbKY IIOTHOE pacoiOKeHHEe 3HAYMTEIBHO COKpAIIaeT OOIIYIo MJIOoNaab Te-
1000MeHa JKUBOTHBIX, TEMIIEpaTypa BO3[lyXa B HOYHOM MEPHOJT MOXKET OBITh CHIKEHa. B Teuenune mus
TeMIlepaTypa BO3yXa B JOKAJIbHON 30HE 000TrpeBa MOKET OBITh CHM)KEHA M3-32 TEIUIONOTEPh KUBOT-
HbIX. Ha OCHOBaHMM CTaTUCTHYECKOTO aHaJln3a [MOBEACHHUS KUBOTHBIX 110 JTaHHBIM BUJCOHAOIIOICHUS
COCTaBJICHA TEXHOJIOTHYECKasl peKUMHas Tadyuia (tadi. 3).

JlanHbie Ta0J1. 3 ObLJIM 3aHECEHBI B IIPOrpaMMy MUKPOKOHTposuiepa. B Teuenue 20 aueit UK oGiy-
YyaTenu padoTalH Mo 3a/IaHHOH ITporpamMmMe.

B koHIIe dKCTIEpUMEHTa CHOBA OBLIT ITPOBEACH CTATHCTHYECKHUI aHATU3 PACIOJIOKEHHS KUBOTHBIX

(puc. 5).
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Kaxk BuIHO M3 AMarpamMMel, ocite yctaHoBiIeHns pexkumoB MK oOmydenns B mporpaMMmy MHKPOKOH-
TpoJIiepa B XapaKTEepHbIE IEPHOABI )KUBOTHBIE CTAIM PACIIONaraThCsi OTHOCHTENBHO TEIJIOBBIX HCTOYHH-
KOB PaBHOMEPHO TI0 BCEH IUIOIIA/ T10J1a, YTO OOBSICHIETCS KOM(DOPTHBIM COCTOSTHUEM KMBOTHBIX. Mak-
CHMYMBI PactoJIOKEHHsI )KUBOTHBIX HAOJFO/IATHCh JIIIH BO BpeMsI KOpMIICHHS (He OoJee vaca), Kor/a jKu-
BOTHBIC CTPEMHJIUCH 3aHSTh MECTO OKOJIO KOPMYILUKH. B Tabi1. 4 mprBeeHbl pe3yabTaThl SKCIIEPUMEHTA.

Taonumga 3. TexHonoruyeckasi TabJuIa TeMIEPATYPHBIX
pesxxumoB UK odayuarteneit

Table 3. Processtableof IR irradiators temperature modes

Ne Bpems Pexxum pabotel UK o6nyudateneit

1 07:00-09:00 | Ilomnepxkanue Temreparypsl Bo3ayxa 24 °C
2 09:00—-09:30 Pabota Ha MmuHnManbpHON MotHOCTH (10 %)
3 09:30-10:00 Pabora Ha MuHUMaIBHOI MotHOCTH (10 %)
4 10:00-11:30 IMonnep:xanue Temmepatypsl Bo3ayxa 20 °C
5 11:30-12:00 [onnepxanue Temmneparypsl Bozayxa 23 °C
6 12:00-12:30 Pabora Ha MuHUMaTbHOI MomTHOCTH (10 %)
7 12:30-13:00 Pabora Ha MuHUManpHOM MomtHOCTH (10 %)
8 13:00-14:30 [lognepsxanue Temnepatypsl Bozayxa 19 °C
9 14:30-15:00 [onnepxanue Temmeparypsl Bozayxa 22 °C
10 15:00-15:30 Pabota Ha MmuHnManbHON MotHOCTH (10 %)
11 15:30-16:00 Pa6ora Ha MuHUMaIbHOI MotHOCTH (10 %)
12 16:00-17:30 Tlonnepxanue TemnepaTypsl Bo3ayxa 19 °C
13 17:30-18:00 [onnepxanue Temmneparypsl Bozayxa 22 °C
14 18:00-18:30 Pabora Ha MuHUMaTRHOI MomTHOCTH (10 %)
15 18:30-19:00 Pabora Ha MuHUManpHOM MomtHOCTH (10 %)
16 19:00-20:30 [lonnepxanue Temmneparypsl Bozayxa 18 °C
17 20:30-21:00 [onnepxanue Temmneparypsl Bozayxa 21 °C
18 21:00-21:30 Pabota Ha MmuHnManbHON MotHOCTH (10 %)
19 21:30-22:00 Pa6ora Ha MuHUMaIBHOI MotHOCTH (10 %)
20 22:00-07:00 | TIomnep:kanue TemmepaTypsl Bo3ayxa 18 °C

16,0

14,0

12,0

8,0

6,0 -

0,0

11:30-12:00
12:00-12:30
17:30-18:00
18:00-18:30
21:30-22:00

Puc. 5. Jlnarpamma pacnosiokeHus HOpoCAT-0ThEMBIILIEH B XapaKTEPHBIX 30HAX MOCIIE YyCTaHOBJIECHHS
pesxxnmoB MK oGmydenust

Fig. 5. Diagram of weaners location in specific areas after IR irradiation modes setting
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Tadnuma 4. Pe3yabrarbl IKCIepUMeHTa

Table 4. Experimentresults

I'pynna
INokasarens
KOHTpOJIbHasA OIIBITHAsA

TlocTaBiieHO Ha OIBIT, TOJI. 24 24
CHSTO ¢ OmbITa, TOJI. 22 22
CoxpaHHOCTb, % 91,7 91,7
Macca )XUBOTHBIX, KT

B HayaJje KCIepUMEHTa 279 278

B KOHIIE 3KCIICPUMEHTA 366 378
IIpuBec 3a nmepuoa AopanuBaHus, K& 87 100
3aTpaThl 2JIEKTPOIHEPT UM Ha 060orpeB, KBTu 561,6 633,6
3arparsl ra3a Ha 000rpeB, M3 272 -

Pacxos 9S7EKTPOSHEPrHUW OMpEIeNieH IO pa3HHIE TMOKAa3aHWH CUCTUYUKOB, YCTAHOBJICHHBIX
B KOHTPOJIGHON U OMBITHOM ceKIusiX. PacueT mokasa, 4To 3JIeKTPO0OOrpeBaeMbIe MOJIbI, MOITHOCTHIO
1,3 kBt Ha onHy rpyIiy >KUBOTHBIX ¢ OOIIMM OTOILICHHEM, paboTanu ¢ K03((UIIHEHTOM UCIIOIb30Ba-
Hust 0,9. UK obnmyuarenu padortanu ¢ ko3ddunuenrom ucnonbzoranus 0,3. Pacxon raza paccuuthiBaiu
AQHAIMTUYECKH, UCXOJIsI U3 KOHCTPYKTHBHBIX 0COOCHHOCTEH MOMEIIECHHS U TEPMUYECKOT0 COMTPOTHUBIIC-
HUS OT'PAXKJAIOIIUX KOHCTPYKITH.

TTocKONMbKY SKCHIEPUMEHT MPOBOUIICS C OJHOW T'PYTIOH )KUBOTHBIX B CEKIUU C BO3MOXKHBIM CO-
JepKaHUEM 4YeThIpeX TPYII, HOITYYEHHbIC JAaHHBIC MPONOPLUOHATIBHO IKCTPANOIMPOBAIINCH Ha BCIO
cekuuto. lllkad ympaBneHuss 1 MOIYyJb BUACOPETHCTPATOPA TO3BOJSIOT OCYLIECTBUTH MOAKIIOUCHHE
0 YeThIPEM KaHaJlaM.

B Tab:1. 5 mpuBeieHbI pacyeTHBIC JaHHbBIE SKOHOMUYeckol dgdekrruBHOCTH ycTaHOBKH MKOB-1.

Taonumma 5 IxoHomuueckas 3GpPeKTHBHOCTH NPUMEHEHUS
ycranoBku UKOB-1

Table 5 Economic efficiency of the IKOV-1 plant

I'pynna

Tokasarens KOH;E;)HB_ T
Pacxon snexTposneprun, kBru 2245,6 | 2534,4
CTOMMOCTB MOTPEOIEHHON 3JIEKTPOIHEPTHH, PYO. 426,7 481,5
Pacxon rasa, m* 272 -
CTonMOCTB OTPEOIEHHOT 0 Ta3a, pyo. 133 -
CyMMapHbIe 3aTpaTsl Ha 000TrpeB, pyo. 559,7 481,5
JononuuTensHas NpuObLIL HAa 000rpese, pyo. - 78,2
JomnonuutenbHas npuObUIb Ha 0o0orpese, % - 14
[IpuBec Ha KOpalIUBAaHUU, KT 348 400
JlonoiHuTeNnbHas BEIpYUYKa Ha IpuBece, pyo. - 183,04
JlononHuTENbHBII 3P EKT OT BHEIPEHUs, PYO. 261,24
CTOMMOCTH MPOAYKIUHU, pyO/KT 3,52
CroumocTh rasa, pyo/Teic. m? 488,89
CTONMOCTB JIEKTPOIHEPTHH, pyO/KkBTY 0,19

Kak BugHO u3 1abi. 5, B pe3ynbrare NPOBEICHHBIX MCCIEAOBAHUM YCTaHOBIJIEHO, YTO HCIIOJIb30-
Banne ycranoBkn MKOB-1 mo3BoisieT 3KOHOMUTH Ha 000TpeB OMBITHOH cekiuu 78,2 py0. B TeueHHe
20 ngHEeH U MOJTYUYUTh JAOMOJHUTENBHYIO BRIpYUKY Ha mpuBece 183,04 py6. OOmmii 5SKOHOMUYeCKHid -
¢exT coctaBui 261,24 py0., uiu 2,97 py6/ron., B Tom uncie 0,89 py6/ron. Ha oborpese.
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BriBoabI

1. B pesynbrare SKCIIEpHMEHTAIBHBIX HCCIEIOBAaHUN HA OCHOBAaHWHU JAHHBIX BHICOHAOIIONCHUS
ObutH ompeneneHbl pexumbl MK o0iydeHns no cTaTUCTHYECKOMY aHallu3y JTOJOIMYECKOro MpU3Ha-
Ka PacrojoKeHHs )KUBOTHBIX OTHOCHUTENBHO TeruioBoro ucrounnka MK obnyuenwns. JlaHHbBIE PEKUMBI
OBLITM 3aHECEHBI B MPOrpaMMy MHUKPOKOHTpOIIepa, B TedeHune 20 AHei OmbITHAs TPYIIa XKUBOTHBIX
noaseprayiach UK 00:1yueHHIo 1Mo ycTaHOBJICHHBIM PEKUMaM.

2. B pesynbrare SKcnepuMeHTa ObLIO YCTaHOBIIEHO, YTO pa3zpaboranuble pesxkuMbl MK oOmyuyeHus
MTO3BOJISTIOT MOTYYHUTH TOMOJTHUTEIBHYIO BRIPYUKY 2,97 py0/Toi1, B TOM YHCIIe 00eCIIeInBaIOT IKOHOMH-
yeckuid ap ekt Ha odorpese 0,89 pyod/roi.

3. Paszpaboranubie pexxumbl MK 001ydeHns MOPOCIT-OThEMBIIICH HCKITHOYAIOT 00IIee OTOILIICHUE.

4. AromarusupoBanHas ycraHoBka IKOB-1 mo3BossieT oTpadaTeiBaTh 3HEPro3(hPpeKTHBHBIC 300-
TUTUEHNYECKHE PEKUMBI COACPIKAHUS JKHBOTHBIX Ha OCHOBE 0OpAaOOTKH JTAHHBIX W MHCTPYMEHTapUs
BUJICOHAOJIIOZICHU S C UCIIOIB30BAHUEM JaTUYMKa TEMIIEPATyPbl BO3yXa B 30HE UX OOTyUYCHHUSL.

BaarogapHocTu. PaGoTa BhImonHeHa mnpu nopaepkke bernopycckoro pecny6nnkaHnckoro ¢ponaa ¢yHAaaMEHTaIbHBIX
uccienoBanuii B pamkax gorosopa T18M-001 «KomrmutekcHoe sHEproodecnedeHne ynpapisieMbIX OMOTEXHHYECKHX CHCTEM
B arpapHoM IIPOU3BOJICTBE C UCIIOIb30BAHNEM BO30OHOBIISIEMBIX HCTOUHHUKOB SHEPTHI».
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