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YK 631.172:636

JI. C. TEPACUMOBHY, A. H. KOCBKO, A. B. CHHEHbKUH

MATEMATUUYECKAS1 MOAEAb YNIPABASAEEMOM
BUOTEXHUYECKOW CUCTEMbI )XUBOTHOBOAUECKOIO
KOMMAEKCA HA NPUMEPE UHOPAKPACHOIO OBAYUYEHUSA
NOPOCAT-OTbEMBbILLEN

Pecnybnukanckoe nayuno-npouzeoocmeennoe ynumapHoe npeonpusimue
Hncmumym snepeemuxu Hayuonanvhoti akademuu Hayk benapycu

B Oannoii cmamve npednazaemcsa mooens OUOMEXHUUECKOU CUCTEMbl U AN20PUMM YIPAGIeHUs 00LyYeHuem no
N0BEOEHUI0 NOPOCAM-0MbEMbIUEN C UCNOTbI0BAHUEM MEXHON02UL MAWUHHO2O0 3peHUs. DPdexmusnas memnepamypa
BHYMPEHHE20 8030VXA ABNACMCA KOCBEHHBIM NOKA3amenem Ola2oNpUsmHOCIU YCA08UL COOEPAHCAHUS IHCUBOTNHBIX.
B oannoill cmamove 6b1068uUHymMa 2unomesa. ynpagieHue MUKPOKIUMAMOoM 6 HCUBOMHOB0OUECKOM NOMEWEHUU OOIHCHO
OCHOBbIBAMBCA HA NPAMBIX NOKA3AMENAX ONAONPUAMHOCIU COOEPHCANUA. JJaHHbIM NOKA3amenem yeaecooopasHo
cuumams nosedexue Heusomuuix. Paspabomanvl cmpykmypro QYHKYUoHAIbHbIE CXeMbl QYHKYUOHUPOBAHUSA OUOmeX-
HUYECKOU CUCIeMbl HCUBOMHOB0OUECK020 Komnaekca 6 Homayuu IDEF(. Tlpeocmasien arcopumm ynpagieHus oo.y-
ueHuem NopoCcAm-omvemblutell o IMONOSUYECKOMY NPUSHAKY PACNONONCEHUA HCUBOMHBIX NO NAOWAOU noid. 3adaya
nPUMEHEeHUs MEXHUYECKO20 3PEHUs 8 CUCHmeMe YNPAGIeHUs MUKDOKIUMANOM PaHee He Peulddcs. Aneopummsl aemo-
MAMUYECKo20 YNpasieHus 1eKmpomexHoI02UIecKUMU NPOYECCamil 8 CebCKOM XO3AUCmEe 8 aumepamype panee He
scmpeyanucy. Paspabomanubvlii NpuHyun UHmMeIeKmyaibHo20 YRpagieHus no38oaaen OnmuMaibHo obecneuusams
KOMOpmHbIE YCI08USA COOEPHCAHUS HCUBOMHBIX 8 PEXCUME PedbHO20 6pemeHU. Pesyivmanmol ucciedo8anus mozym
ObIMb UCNONL30BAHBL NPU CO30AHUU U NPOEKMUPOBAHUU COBPEMEHHBIX CUCTNEM ABMOMAMUYECKO20 YAPABIEHUS MUKDO-
KAUMATOM.

Knrwuesvie cnosa: buomexnuuecxas cucmema, mamemanmudecKkas MOOEJlb, omoJjiocust, qubpaKpaCHoe odvyuenue, nopo-

cama-omvemvbludu

BBenenune

buorexnuueckas cucrema (bTC) — BbieneH-
HBIC B €IUHYIO CHUCTEMY, OMOJIOTHYECKUE U TeX-
HUYECKHUE MOJICUCTEMBI, CBSI3aHHbBIE MEXIY COO0M
JUTSL BBITIOJTHEHUSI 3a]JaHHOM TiesieBol pyHkiumu [1].

VYpasnsiemoii BTC kMBOTHOBOAYECKOTO KOM-
mwiekca (BTC-Y) sBasercs BTC, Brirouaromas
LEJIOCTHBIE OPraHU3Mbl, B KOTOPYIO JIJIsl COINIAco-
BaHUs pabOThl OMOJIOIMYECKOW U TEXHHYECKOU
IIOJICUCTEMBI BBEJIEHA ITOJICUCTEMA YIIPaBJICHUS.

Jis ortucanus nponecca PyHKIMOHUPOBAHUS
BTC-VY Bocnons3yemcs texnonorusimu IDEF mo-
nenuposanusi. CocraBum kouTekcTHyto IDEFO nua-
rpammy QynkuuonupoBanus bTC-VY.

KonrtekcTHast auarpamma (yHKIIMOHHPOBA-
Hus bTC npexacrasnena Ha puc. 1.

Houepnsisi nexommnosupoBanHas IDEF0 nua-
rpamma ¢ynkuuonuposanust BTC-Y npeacrasie-
Ha Ha puc. 2.

Heneroit ¢ynkmueit bTC-Y nenecoodpa3Ho
CUMTaTh 3HEPro3PEeKTHBHOCTH NPOU3BOCTBA IIPO-
nykuuu [2].

OuneproaddexruBnocts ympasisiemor BTC
MOXHO OLIEHHUTH I10 TIOBEICHHUIO OMOJIOTMYECKOH
MIOACUCTEMBI U3 CIEIYIOLINX COOOPAKEHHI:

— TOBEICHHE CENIbCKOXO3SHCTBEHHBIX KUBOT-
HBIX SIBJISIETCS MEXaHHU3MOM pealii3alii TeHEeTH-
YEeCKH JIETCPMUHUPOBAHHBIX (PU3UOIOTHUECKUX
CBOWCTB M NMOTEHIMAJbHBIX MPOILYKTUBHBIX BO3-
MOXHOCTEH OpraHu3Ma B KOHKPETHBIX YCIIOBHSX
cpensl [3];

— TOBEICHNE CENIbCKOXO3SHCTBEHHBIX KUBOT-
HBIX MOXET SIBJISITbCS IOKa3areneM KOoM(OpPTHO-
CTH COZICPKaHMsI )KUBOTHBIX, B TOM YHCIIE TIOKa3a-
TEJIEM COCTOSIHUS TEIIOBOro koMdopra [4];

— TEIUIOBOH KOMQOPT >KUBOTHBIX BIMAET Ha
5Heprod(pHeKTUBHOCTD (HYHKLIMOHUPOBAHUS yIIPaB-
nsemoir BTC, nmpuyem onTuManbHBIA TEIIOBON
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Puc. 3. Cxema PAacCIIONIOKCHU A JKUBOTHBIX B CTAHKE

koMpopT sBIsIETCS HEOOXOAMMBIM YCIOBHEM OII-
TUMaJIbHON 2Heprodh(eKTHBHOCTH (PYHKIIMOHU-
posanus ynpasisgemoit BTC [5];

— KaK CIIe/ICTBHE TIOBEJCHNE MOXKET OBITh pac-
CMOTPEHO Kak (pakTop, afeKBaTHO XapaKTepH3y-
IOIUI COCTOSIHUE OWOIIOTUYECKON TTOICHCTEMBI
1 ompenessomuid (yHKIIMOHNPOBAHUE TEXHUYE-
ckoi moncucreMsl yrpasisiemoin BTC.

CormacHO CyIIECTBYIOMIMM KJIaCCH(DUKAIHAM,
KoM(opTHOE TTOBEIEHUE CEThCKOXO3SHCTBEHHBIX
YKUBOTHBIX TIPOSIBIISIETCS B MAIIEBON, aIalTHBHON
W JIBHUTATeNbHON (dopmax mosemenus [6]. Ilepe-
YHCIIeHHBIE ()OPMBI TIOBEICHHS TIPOSIBIISIFOTCS TIpe-
VMMYIIIECTBEHHO B BHJIE JIBUTATEIILHON aKTHBHOCTH.

JIBurarenbHasi akTHBHOCTD SIBIISIETCS BU3yallb-
HO pacrio3HaBaeMbIM U MH(QOPMATHUBHBIM IPH3HA-
KOM TIOBEJIEHUS] JKWBOTHBIX M, CIIEJOBaTeIbHO,
MOKET OBITH 3a(pMKCHPOBaHA U KiIacCH(pHUITPOBa-
Ha C TOYKH 3peHHsI KOM(DOPTHOCTH YCIOBUH OKPY-
JKAIOMIeW Cpesbl B aBTOMATHIECKOM PEXKHUME C HC-
TIOJTE30BaHIEM CPEJICTB MAIIMHHOTO 3PEHHS B BHIE
ATOTPaMMBI.

CymecTByrolne TEXHHYECKHe U MPOrpaMM-
HBIE Cpe/ICTBAa MAIIMHHOTO 3PEHHS MOTYT OBITh
WICTIOJIb30BAHBI JIJIsl CO3/TaHUSI CUCTEMbI aBTOMATH-
YECKOTO YIpaBIIeHHUsS OOMyYeHHEM XUBOTHBIX T10
roBeAcHUIO [ 7-8].

3ajadya MpUMEHEHHSI TEXHHYECKOTO 3PEeHUS
B CHCTEME YIIPaBIEHIsSI MUKPOKIMMATOM paHee He
pemanack. COOTBETCTBYIOIIHE aJITOPUTMBI YITPaB-
JIEHWs] U TPOTPAMMHBIE CPEICTBa OTCYTCTBYIOT.
OTCyTCTBYeT TakXke TeopeThdeckas 0as3a yrpas-
JIeHUs1 10 noBeAeHuo. [IpruMeHeHne TeXHOIOruit

MAIIMHHOTO 3PEHHS TO3BOJHT PEIIUTh DS/ TeX-
HOJIOTHYECKUX W 300TEXHUYECKUX 3a1ad [9]:

— HaOIofieHne YCIOBUN COAEPIKaHUS YKUBOT-
HBIX U pabOTHl TEXHOJIOTUYECKOTO 000pyIOBaHUS
B pEaIbHOM BPEMEHHU;

— ¢opMUpOBaHKE JaHHBIX 00 OTKJIOHEHHUH T10-
BEJICHUS )KUBOTHOTO OT HOPMBI M TIOZ[a4a CUTHAJIA
TPEBOTH B PEabHOM BPEMEHH IIPH OTKIOHEHUU
OT HOPMAJILHOTO TIOBE/ICHHS,

— OTIpeJieieHre OOIIEeTO COCTOSTHUAS CTaIa KH-
BOTHBIX;

— oOHapyXeHHe OOJIHHOTO KUBOTHOTO MyTEM
CEJIEKTHBHOTO OCMOTpa W HAOJIIONEHHS TTOBE/ICH-
YECKUX PEaKIuil u T. .

Taxum 006pa3zom, CyIIeCTByeT HEOOXOAUMOCTh
pa3paboTaTh METOAWKY W alTOPUTMBI DHEProd(h-
¢dexruBHOTO yrpasneHuss bTC mo oTkiImKy moBe-
JICHYSI )KHBOTHBIX.

OcHoOBHAafl YaCTh

B nannoii craree BTC-Y moaenupyercs ¢ Tou-
KW 3pCHHS TIOBEJICHHS €€ OMOJIOrHYeCKON MOJICH-
cTembl. BEIOpaHHBIM TSI MOJIETUPOBAHUS ACTIeK-
TOM TIOBE/ICHUS JKUBOTHBIX SIBJISIETCS PACIOIONKE-
HUE MTOPOCAT-OTHEMBIIICH B CTAHKE OTHOCUTEIHHO
WCTOYHWKA MH(PPAKPACHOTO OOIyUYESHHSI, CXeMAaTH-
YecKoe M300pakeHHe KOTOPOTO IMPHUBEICHO Ha
puc. 3.

[Inomany mpoeknmii MOpOCAT Ha ILIOMIAb
roJia H300pa)KeHbI B BIJIE OKPYKHOCTEH C pajuy-
camu 7;. MUHMMaNbHOE U MakCHUMaJIbHOE 3Haue-
HUE JaHHOTO PaJyca ONPEAeSIOTCS MOJI0KEeHHU-
€M JKHBOTHOI'O B JJAHHBII MOMEHT.
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Havaio KoopAMHATHOM INIOCKOCTH ITOMEILIEHO
B LIGHTp CTaHKa. | eomeTpuyeckue napameTpsl CTaH-
Ka UMEIOT BU]I

xe [-a; al,y € [-b, b]. ()

Pagmnyc R, 3aaeT akTHBHYTO 30HY OOITy4YeHHS,
TO ecTh 30HY. JlaHHas 30Ha ompenensieTcs reo-
METPUUYECKHUMU MapaMeTpaMu 00Iydaresst U Bbl-
coToi ero nozaseca. Ha cxeme npencraBicHa akTHB-
Has 30Ha O0ITydeHHs OT oOIydaTess chepruaecKoi
KOHCTpPYKUMHU. B mepBoM mpubmmkeHnn cuuraem,
YTO aKTUBHAs 30HA OOIY4EHHUS 3aJaeTcs OAHUM
JaHHBIM pazuycoM. B oOmem ciaydae yucio nas-
HBIX PAZIIyCOB ONPEAEIsieTcs: U3 TpeOOBAHUI TOUHO-
cTH ynpasieHus. Yucno nopocsT B cTaHke i = 15.

Touka Q; (x; v;), { = 1 — 15, ectb HeHTp
OKPYXHOCTH F;. X;, ¥; — KOOpAMHATHI eHTpa. [Ipu-
BEACHHBIC TIapaMeTpbl 3aJal0T KPUBYIO L;, ypas-
HEHHE KOTOPOH UMEET B

@ —x)+ -y =ri (2)

Cornacno [4, 10], paBHOMEpHOE pacmpezaene-
HUC JKUBOTHBIX I10 IJIOLIAAU I10JI1a ABJIACTCA KpU-
TepueM OJaronpUsITHOCTH YCIOBHH CONEPKAHUS.
Ecau xuBOTHBIE JI€3yT APYT HA APYyra — 3TO HpH-
3HAaK HeOJAaronpHsTHBIX YCIOBHH COIEpYKaHUS.
CrenoBarenbHO, B Cllydyae, €Clid YCIIOBHS COAEP-
JKaHuA 6HaFOHpI/ISITHI>I, X, Vi AOJOKHBI TIOAYUHATH-
CA CIICAYIOIINM OTpaHUYCHUSIM

Ix;—xi| > ri+ 1, ik,

iyl > ritr i =k, 3)
x;e[-a+ry,a—r,

viel-b+ry; b—r

CortacHO NMPUBEJICHHOI CXeMe TUTONIA b CTaH-
Ka pa3burta Ha gBe 30HBI KpHBOH K| ={x*> + )% =
R}

Z, = {x*+y*> R,?} — nnomanas BHE OKPYK-
HOCTH,

Zy = {x* + > < R;?>} — miomans BHYTpH
OKPYXHOCTH.

CrenoBarenbHO, BO3MOXKHO TPH CITy4as:

L; ne nepecexaer K| u Q; € Z,. JlanHoe 006-
CTOSITEIbCTBO TOBOPHUT O TOM, YTO BCS ILIOINAIb
C LUEHTPOM (); IPUHAIUIEKHUT Syap, TIE Sypp — CYM-
MapHasl TUIONIA/b TeJ MPOCKIUI KUBOTHBIX BHE
AKTHBHOM 30HBI OOITyYEHUSI.

L; iepecexaet K| u Q; € Z,. Jlannoe o6cTosi-
TEJILCTBO TOBOPHUT O TOM, YTO BCS TUIOMIA/TH C IICH-
TpoM Q; MPUHAIIEKHUT Sy, TAE Sy, — CyMMapHas
IJIOMIaAb TEJl MPOEKIUN >KMBOTHBIX B aKTUBHOM
30HE 00TyUCHUSI.

L; nepecekaer K. JlaHHOe OOCTOSITEIHCTBO
TOBOPHUT O TOM, YTO YacTh TUIOIIAN C IIEHTpoM (;
NPUHAIUIEHKAT S50, @ 4ACTH Sy, PaccMoTpum naH-
HBIH ciyvaii mogpoOHee.

Kakas yactb miomaam oKpyKHOCTH MPUHA]I-
JICHKHT S50, @ KAKAS Sy, ONMPEEISICTCS [y TEM pe-
MEeHUuA CUCTEMbI YPAaBHCHUU

x4+ =RY, @
(x=x) +(y=2) =1,

Ecnu cucrema (4) umeer 1Ba JeHCTBUTEIb-
HBIX pEILEeHHUs, TO kpuBas L; nepecekaer K. MHa-
4e, IEPeCceueHrsl HET, U IUIOMaab S; NOIHOCTBIO
HNPUHAATIEKUT 100 Z;, 100 Z,.

bnaronpusATHOCT yCIIOBHI COAEPIKAHMS KU-
BOTHBIX OIPENEIIETCS U3 COOTHOLIEHUN MEXIy
BEIIMYUHAMU S,y U Sy, TO €CTH CyMMApHOH ILI0-
b0 IPOEKUUN Tel >XMBOTHBIX B aKTHBHOM

30HE Sy, 00IyUCHHS U BHE €€ S,y

SBH _SHap szZ’ (5)
e Sy = Syap + Spne
KoaddurmenT k£ MoKeT HaXOMUTHCS B TPEX JIH-
ana3oHax:
k< k%

min °

kP > k> ko

max min °

k> k%

max °

B nepBoM u TpeTbeM cilydae yCIOBUS COAEP-
JKaHUS HEONaronpusTHBL: B TIEPBOM CIy4ac HH-
TEHCUBHOCTH OONy4YeHHsI HEOOXOIUMO TIOBBICHTB,
B TpETheM — MOHMU3UTH. Bo BTOpoM ciyuae, ecnu
k03(D(PUIIMEHT HAXOAUTCS B JOMYCTUMOM JHaria-
30HE, YCJIIOBUS COICPIKAaHUS OIaronpHsTHBL.

ConoctaBuM pa3pabOTaHHYIO MOJIENb C TIapa-
MeTpaMu KoM(opTa, OTPeIEIIEMBIMH I10 ITOBEIe-
HUIO UBOTHBIX, C KJIACCHUUYECKOH TEIJIOBOU MO-
JICIBI0  ONIAarOTPHUSATHOCTH YCJIOBUN COJIEPIKaHUS
>KUBOTHBIX.

KomMdopT UBOTHOTO B KIIACCUYECKOM TEILIO-
BOIl TPAKTOBKE OIMPEIEIISCTCS Yepe3 COOTHOLICHHE
MOTEph TEIUIA KUBOTHBIM Yepe3 KOHIYKIUIO, pa-
Jianuio, KoHpekuuio u 3anopanuio [10-13]. Co-
OTHOUICHUS TaHHBIX BUJOB MOTEPb JUIsl pa3iuy-
HBIX KOMOWHAIMI TeMIepaTyp U OTHOCHTEIBHOMN
BJIQYKHOCTH BO3JyXa U3BECTHBI. Tak JUisl OTHOCH-
TenpHOUM BiaxkHocTu ~50% u TemmepaTypsl BO3-
nqyxa 21,1 °C B IpOLIEHTHOM OTHOILIEHHUH JIaHHBIE
MOTEPHU COCTABIISIIOT COOTBETCTBEHHO 11, 27, 34, 28.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA
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[TockonbKy B MPEUIOKCHHOW MOJCTH KOM-
(OpT )KUBOTHBIX OIPECISETCS C UCTIONB30BaHH-
eM KO3 UIMEeHTa kK B TpeX JAMana30Hax, MOXKHO
MIPEATOIIOKHTE, YTO k, HAXOJSIEECS B AUAIa30He
xomdoprHoCTH k20 >k > k! ecTb He uTO HHOE,
Kak (YHKIHs YeThIPEX Ha3BAaHHBIX BHJIOB TEILIO-
MOTEPh B MPOLECHTHOM OTHOILICHHH.

CTOouT 3aMETUTh, YTO B KJIACCHYCCKOM CITy-
yae KOM(OPTHBIC YCJIOBHS ONpPENCSIOTCS s
OTJEJIBHOIO )KUBOTHOTO, B IIPEIaraeMoM — JJIs
rpynnsl.  CrepoBaTenbHO, HPH DKCIIEPUMEH-
TalbHOM HCCIICJOBAHUU JOJDKHA OBITh y4YTeHa
HOMpaBKa B CBA3U C U3MEHEHHEM JIOJIM pajua-
UM B TIOTEPSIX B CBSI3U C TEM, UTO JIyYUCTHIN Te-
IUIOOOMEH TaKKe MPOUCXOIUT M MEXKAY KHBOT-
HBIMH.

Takum o0paszoMm, paszpaboTaHa MaTeMaTHue-
ckast mozesib BTC-VY.

Pesynbrarel TaHHOTO HMCCIEAOBAHUS MOJIEP-
YKUBAIOTCS TOCYIAPCTBEHHBIMU MporpaMmamu Pe-
cryonuku benapyce. [lomana 3asiBka Ha moryde-
HHE NaTeHTa Ha n3o0pereHue. Pesynbrarsr ncce-
JIOBaHUM BHEJIPEHbI B y4eOHBIN TpOIIECC.

DKcriepruMeHTallbHas MPOBEPKa Iperoiara-
ercs Ha 6a3e HIIL[ HAH Benapycu no »uBOTHO-

BOJICTBY, IJIe€ Y€ CYIIECTBYeT CHUCTeMa HH{]pa-
KpPacHOro OOJy4YeHHs THOPOCAT-OThEMBIIICH, OC-
HalllCHHAs] CHCTEMOU BHUJICOHAOIIOICHHS.

3akjoueHue

Pa3zpaboTaHHbIi MPUHIMIT UHTEIUIEKTYaIbHO-
TO YIpaBJEHHs IMO3BOJSET ONTUMAJIBHO oOecte-
YUBaTh KOM(OPTHBIE YCIOBUS COMAEPKAHUS HKH-
BOTHBIX B PEXHME PEabHOTO BPEMEHHU B CBSI3U
C TeM, YTO TOBeAeHUYeCKass (DYyHKIHS >KMBOTHOTO
BKJTIOYAETCsl 0OPATHOM CBSI3bI0 HETIOCPEICTBEHHO
B cUCTeMY ynpaBiieHus. JlaHHbIA NPUHIKIT yIIpaB-
JICHWsI OCHOBAH Ha aHaJIN3€e MPSAMBIX, a HE KOCBEH-
HBIX (TemIeparypa) rmapamMeTpoB OIarompusTHO-
CTH CONlep>KaHUs )KUBOTHBIX.

JlaHHas cucTema IMO3BOJIMT Oojiee OOBCKTHB-
HO Y KayeCTBEHHO OLIEHMBATh OJAronpHsITHOCTh
YCIIOBUI COEp)KaHWSl KUBOTHBIX M TIOBBICHTH
9HEpro3(hHeKTUBHOCTD TPOIecca YIPaBICHUSI MU-
KPOKJINMATOM, a TaK)Ke IMOBBICUThH Ka9eCTBO pado-
TBI 300TEXHUYECKON CITYKOBI.

[Ipenaraemplii anropuT™M yHpaBIEHUS MO-
KeT OBITh WCIOJB30BAH MPHU CO3MAHUHM M TPOEK-
THPOBAaHUHM COBPEMEHHBIX CHCTEM aBTOMAaTH4Ye-
CKOTO YIIPaBJIEHUSI MUKPOKIMMATOM.
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Gerasimovich L. S., Kosko A. N., Sinenkii A. V.

MATHEMATICAL MODEL OF THE BIOTECHNIC SYSTEM CONTROLLED
BY THE SYSTEM OF ANIMAL SYSTEM ON THE EXAMPLE OF INFRARED
IRRADIATION OF PIG-REMOVAL

This article proposes a model biotechnical system and exposure control algorithm on the behavior of piglets using ma-
chine vision technology. The effective temperature of the indoor air is an indirect indicator of the favourable conditions for
keeping animals. In this article, a hypothesis has been put forward: the management of the microclimate in the cattle-breeding
premises should be based on direct indicators of the favourableness of the content. This indicator is appropriate to consider
the behaviour of animals. Structurally functional schemes for the functioning of the biotechnical system of the cattle-breeding
complex have been developed in the IDEF0 notation. An algorithm for controlling the irradiation of piglets and weaners
based on the ethological character of the location of animals across the floor area is presented. This problem was not solved
before. Algorithms for automatic control of electro technological processes in agriculture have not been encountered in the
literature before. The developed principle of intelligent control allows optimal provision of comfortable conditions for keeping
animals in real time. The results can be used to create and design of modern automatic climate control systems in livestock.

Keywords: biotechnical system, mathematical model, ethology, infrared radiation, piglets

Leonid S. Gerasimovich received the Ph. D. degree from the Department of
Electrical Engineering of Belarusian State Agrarian Technical University in 1971.
His research interests include electrotechnology in agriculture, renewable energy.

E-mail: leonger@tut.by

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA 3,2017



YnpasaeHue mexHuueckumu o6vekmamu 39

Andrei N. Kosko graduated from Electrical Engineering of Belarusian State
Agrarian Technical University in 2014. In 2015, he entered the postgraduate
course of the Institute of Energy of the National Academy of Sciences of Belarus.
His research interests include electrotechnology in agriculture.

E-mail: kasko. andrej@gmail.com

Alexander V. Sinenkii graduated from Electrical Engineering of Belarusian
National Technical University in 2010. Since 2014, he is studying at the post-
graduate course of the Institute of Energy of the National Academy of Sciences of
Belarus. His research interests include renewable energy.

E-mail: carboforce@mail.ru

UccnenoBanue BeimoHeHO mpu noaaepkke bPODH o Teme «Pa3paborars HAydHO-METOAMUECKIE
OCHOBBI CHIDKEHHS SHEPTOSMKOCTH IIPOJIYKIUH )KUBOTHOBO/ICTBA Ha 0a3€ YIIPaBJICHHS 3TOJIOTHYECKIUMHU
npusHakamm» 1o goroBopy NeT15M-051 ot 04.05.2015r

3,2017 CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA





