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MATEMATUYECKOE MOJENTMPOBAHUE YCTPOWUCTBA
AnA HArPEBA BOAbI AN NOEHUA KPYMHOIO POFATOrO CKOTA

MATHEMATICAL MODELING OF A WATER HEATER FOR CATTLE WATERING

V

Knroyeenle crnoea: Hazpes 600kl noeHue, memnepa-
mypa 800bI, 3KOHOMUS NIEKMPUYECKOU dHEpauU, menoob-
MeHHUK, mennosbideneHue KPC, mennoma, Mamemamuye-
CcKUl pacyém, MOWHOCMb, 8pEMS Hazpesa, NPOAOIKUMENTb-
HOCMb Hazpesa.

M3yyeHne notpebneHust SHepropecypcoB CENMbCKOX03siA-
CTBEHHbIMW MPEANPUATUSMA  BbISBUNO MOBBILIEHHOE MO-
TpebneHve anekTpuyeckoi aHeprn. OueBngHo, Yto Tpeby-
eTCs CHKeHue eé notpebneHus. bonbluyio yacTb noTpeb-
NEHNsT 3NEKTPUYECKON 3HEPTUM B CEMbCKOXO3SMCTBEHHbIX
NPEeanpUATUASIX 3aHUMAIOT ANEKTPUYECKME BOAOHArpeBaTenm.
PaccmartpumBaloTcst TUMbl HarpeBaTenbHbIX YCTPOUCTB B 3a-
BMCMMOCTM OT BMfa HarpeBa: KOCBEHHOTO, MPSIMOrO, WHAYK-
LIMOHHOrO, AManekTpuyeckoro. MpoBoAUNCS aHanm3 HayyHbIX
paboT MHOMMX Y4YE€HbIX O BNUSHUM TEMNEPaTYpPbl HA NPOAYK-
TUBHOCTb XMBOTHbIX. BbISICHANM, 4TO BOAA pasnuuHON TeM-
nepaTypbl OKa3blBaeT pasHOe BMMSHUE HA MPOW3BOAMTENb-
HOCTb KPYMHOrO poraToro ckoTa, HO Mo-MpEeXHEMY OCTaéTcs
noTpebHoCTb B nogorpese Boabl. [Ans Toro Ytobbl yaoBne-

TBOpUTb TpebOBaHNE B CHKEHUM NOTPEONEHUs anekTpuye-
CKOW 3Hepriu, 3aTpayMBaemMoi Ha Harpes Bofbl, npegnara-
€TCS UCMOMb30BaTb HOBOE YCTPOWCTBO, KOTOPOE NMpeacTaB-
nseT coboi TennoobMeHHUK, paboTatoLLMi 3a CYET TENNOTh
13ny4aemoi KpynHeIM poraTbiM ckoToM. OH npegcTaBnsieT
cobon opebpéHHyto Tpyby, KoTOpasi 3anomnHseTCs BOZOM.
OpebpeHne HeobX0aQMMO Ans YBENWYEHWS MOBEPXHOCTH
TennoobmeHa. MaTemaTnyeckue pacyéTbl BbIMOMHANUCL B
Heckonbko aTanoB. CHayana 6bina BeibpaHa nporpamma ans
aBTOMaTW3aLMM HeoOXOAMMbIX pacyéToB, 3aTeM BbiOpaHbI
3ajaroLLme YCroBums N1 MaTeMaTUYEeCKoro MOAENMPOBaHNS
akcnepuMeHTa. B pesynbTaTe BbiNOMHEHa annpokcumaLust
SKCMEPUMEHTANBHbBIX 3aBUCUMOCTEN TeMnepaTypbl BOAbl OT
BpPEMEHMW HarpeBa Mpy pasHOi MOLLHOCTY W3nyyaTens Ten-
NOTbl, COCTaBMEHbI MATPUYHbIE YPaBHEHUS! B COOTBETCTBUM
C 9KCMEepUMEHTaNbHbIMA [aHHBIMM - OMbITHOrO  0bpasua
YCTpOACTBA ANs HarpeBa Bogbl. [11s ONMCaHUs 3aBUCUMOCTM
TemnepaTypbl OT BPEMEHU HarpeBa U3 MaTPUYHbIX YpaBHe-
HWW BbIBegeHbl NONMHOMBI. [padmyeckn oTobpakeHbl yka-
3aHHble 3aBUCUMOCTW ANS PasHblX MOLUHOCTEN, KOTOpble
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HarnsiaHO MOKa3bIBAKT, YTO C YBENUYEHUEM MPOAOIKUTEMb-
HOCTM HarpeBa pacTeT TemnepaTypa Bofbl, @ CaM MpoLece
HarpeBa 3ameqyisieTcs. AKTMBHbIA  POCT  TemnepaTypbl
HabnlojaeTcs TOMbKO B CaMOM Havane npoecca.

Keywords: water heating, watering, water temperature,
electric energy saving, heat exchanger, heat dissipation,
cattle, heat, mathematical calculation, power, heating time,
heating duration.

The study of energy consumption by agricultural enter-
prises revealed increased consumption of electric energy. It
is obvious that a reduction in its consumption is required. A
great part of electricity consumption in agricultural enterpris-
es accounts for electric water heaters. This paper considers
the types of heating devices depending on the type of heat-
ing: indirect, direct, induction, and dielectric. The analysis of
scientific works of many scientists about the influence of
temperature on animal productivity was carried out. It was
found that water of different temperatures had different ef-
fects on the productivity of cattle, but there was still a need

for water heating. Based on the above, in order to meet the
requirement to reduce the consumption of electrical energy
spent on heating water, it is proposed to use a new device
which is a heat exchanger that operates due to the heat emit-
ted by cattle. It is a finned pipe that is filled with water. Fin-
ning is necessary to increase the heat exchange surface.
Mathematical calculations were performed at several stages.
First, a program was selected to automate the necessary
calculations and then the setting conditions for mathematical
modeling of the experiment were selected. As a result, the
approximation of the experimental dependences of the water
temperature on the heating time at different power of the
heat emitter is performed; matrix equations are drawn up in
accordance with the experimental data of the prototype of the
device for water heating. Polynomials are derived from matrix
equations to describe the dependence of temperature on
heating time. These dependencies for different capacities are
graphically displayed and clearly show that with increasing
duration of heating increases the temperature of the water
and the heating process slows down. Active temperature
growth is observed only at the very beginning of the process.
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A4
BBe,quVIe - yCTpOI;ICTBa WHAOYKUWMOHHOIO Harpesa,
AHanus pacxofa 3HepropecypcoB CenbCKOX03si- - YCTPOWCTBA AM3NEKTPUYECKOTO HarpeBa.
CTBEHHbIMW  NPeanpuATUAMM  NOKa3biBa€T, 4TO Cwucrema ropsa4ero BOJJ,OCH36)KGHI/IFI (BO,EI,a, nc-

HabnogaeTcs MoBbILUEHHOE NOTPebneHune anexkTpu-
yeckoit aHepruu. [peanaraemble Mepbl N0 3HEPro-
cOepexeHno CHUXalOT e€ pacxod, HO C eXeroaHbIM
POCTOM TapudOB Ha ANEKTPOIHEPTUIO SKOHOMUS Je-
HEXHbIX CPEeACTB MO-NpeXHeMy OCTaETCs akTyanb-
HOW 3ajaven.

Mpu opraHn3auuy NOArOTOBKM BOAbl B CENbCKO-
XO3AMCTBEHHbIX NPEANPUATUAX UcnonbayeTcs 6onb-
LUOe KOMMYecTBO YCTPOWCTB ANS NOLOrpeBa, KOTo-
pble MOXHO pPa3aeniThb Ha:

- YCTPOWCTBA KOCBEHHOIO Harpesa;

- YCTPOMCTBA NPSMOTO Harpesa;

nonb3yemast Ans noeHWsl, TEXHOMOrNYECKUX U CaHu-
TapHO-TUTMEHNYECKUX HYXKA) OCHAaLLAeTCs nekTpu-
veckummn BopoHarpesatenamm BIT, CAOC, OBH,
IB®, B3O, 313, K3B u gp. [1].

OpraHu3aumus noaroToBkW BOAbI, NpeaHasHauveH-
HOW ONs MOEHUs, OYeHb BaxHas 3ajaya, crosLas
nepes CenbCKOXO3ANCTBEHHbIMU  MPEaNPUATUAMU.
OnTumanbHas TemnepaTtypa BOfbl OKasblBaeT 3Ha-
YUTENbHOE BIMSHWE Ha MPOAYKTUBHOCTb XUBOTHbIX.
M3y4eHnio BnusHUS Temnepatypbl BOAbl HA MPOW3-
BOANTENBHOCTb KPYMHOTO POraToro Ckota NoCBATUIN
cBov paboTbl MHOTVE Y4éHble [2-8].
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OObLen3BecTHO, YTO HarpeB BOAbl B CENMbCKOXO-
3ACTBEHHbIX NPEaNPUSATHSX OCYLLECTBNAETCS MneK-
TPUYECKUMM  HarpeBaTensiMu, dHepronoTpebnexue
KOTOpbIX 4OCTATOYHO BonbLuoe [9].

Llenbto 1 3apaven paboTebl SBNSETCS MaTemMaru-
4eckoe WccrnenoBaHMe CrnocobHOCTM HarpeBa BOAbI
HOBbIM ycTponcTBoM (puc. 1) [10], kOoTOpoe MOXHO
NCNONb30BaTh AN 3KOHOMUM JMEKTPUYECKON 3HEP-
i [11-13].

OHo npepacraBnsieT cobomn TennoodMeHHK, KOTO-
pbI NpuHUMaeT TennoTy, npoussogumyto KPC. Cam
TENNOOOMEHHUK COCTOUT M3 Tpybbl 1 pébep, ysenu-
YMBAIOLLMX NOBEPXHOCTb TennoobmeHa, a BMeCTe C
9TM CKOPOCTb HarpeBa BOAbI, KOTOpPas W 3anonHsaeT

Tpyby (puc. 2).

06BbeKTbl U MeTOAbI cCrneaoBaHUN

Ha nepsom aTane Ans npoBefeHWs MaTemaTuye-
CKMX MccnenoBaHui Bbina BbibpaHa nporpamma, Ko-
TOpas no3sonuna Obl aBTOMATUYECKUM pacyeTamu
BbINOMHWTL PSL AENCTBUIA U, TEM CaMbIM, YNIPOCTUT
W YCKOPUTb BpemMs pacyeToB. [1ns faHHbIX uccneno-
BaHMI bbina BbibpaHa nporpamma Maple Bepcus 17.
MoMUMO NpOBEAEHUs MaTeMaTUYecKux pacyeToB
[aHHas nporpamMma obnagaeT yHKUMEN HarnsaHOro
oTOBpaxeHus pes3ynbTaToB 3KCMEPUMEHTOB B BUAE
rpadpukoB 1 guarpamm.

BTopbiM 3TanoMm Ans npoBeAeHUs martematude-
CKMX pacyeToB Bbinn BbIOPaHbI 3agatoLLne YCrioBus:
TemnepaTtypa Bosgyxa B nabopaTopHOM yCTaHOBKe,
TemnepaTypa HarpeBaemoi Bofbl, BpEMS Harpesa.

Puc. 1. O6wuii eud ycmpoiicmea 05151 Haepeea 800b!

Puc. 2. Yasacmok mennoobmeHHol mpy6bl ycmpolicmea 0151 Haepeea 800bI:
1- opebpeHue; 2 - mpyba
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[ns mowHocTen HarpeBa (TeX MOLLHOCTEN, KOTO-
pble MMWUTUPOBANM TENMOTY, BbIAENSAEMYK) KUBOT-
HbIMK), TemnepaTypbl BO3AyXa COCTaBMANUCL Mart-

puLbl:
ANS BPEMEHU HarpeBa, COCTaBuMBLUErO 1 4, npu
MoLLHocTm 1,25 kBT, MaTpuua BeIrMSauT:

t, 55 = matrix(4,1, [1, 20, 40, 60]);
T
20
los =
40
60

ana tTemneparypbl Bo3ayxa.
T, ,s = matrix(4,1,[24.5,38.4,39.2, 40.1]);
[24.5]
38.4
392 |
140.1

[MocTpoeHne mMaTpuL npu Apyron 3afgaHHON MOLL-
HOCTM BbI10 BbIMOMHEHO aHANOTMYHO.

T, =

PesynbTtathbl

[ns nocTpoeHus matemaTM4eckoi moaenu pabo-
Ta HarpeBaTenbHOro YCTpoicTBa Bbina orpaHuyeHa
BpemeHHbIMKu pamkamu: 1, 20, 40 n 60 muH. PacyeTbl
Oblny BbIMOMHEHbI NPU NOMOLUM  BbIYUCAUTENBHOM
nporpammbl Maple Bepcus 17. Pewasi 3agaun, uc-
Nonb30BanmCch YETbIPE CTAHAAPTHbIX NaKeTa: NIMHEN-
Has anrebpa, rpaduku, NpubRMXKEHUe YHKLNNA,
pacLUMpeHHas rpagmka:

restart : with(linalg) : with(plots) :
with(CurvefFitting) : with (plottools) :

AnnpokcumaLms aKCnepUMEHTanbHbIX 3aBUCUMO-
cten Temnepatypbl Bogbl T [°C] oT BpeMenm t [c], T(t)
npoBOAMNacL Mpy Pas3HOM MOLLYHOCTM W3fyyaTens
TENMOTbl, UMUTUPYIOLLErO TENSOBbLIAENEHNE KPYMHO-
ro poratoro ckota (P = 1,25; 2,25 kBr).

Bo BHMMaHWe npuHUMancs MOMMHOM TPETbero
nopsiaKa, KOTopbIi NpeacTasneH B gopmyne (1):

T=a+bt2+ct+d. (1)

[ns ykasaHHbIX Bbllle 3HAYeHWn MollHocT P

npoBoAunack annpokcumaums. Ytobbl onpegenutb

yeTblpe HEM3BECTHbIX NapameTpa 13 dopmyrbl (Ne)
a, b, ¢, d, 6bINo CoCTaBNEHO MATPUYHOE YPABHEHWE B
COOTBETCTBUWN C MOMYYEHHBIMW SKCMEPUMEHTANbHbI-
MW AaHHbIMW. Takum 06pa3om, Ans TennoTbl, UMUTK-
pyiowen TennoeblgeneHne KPC co  3HaueHnem
1,25 kBT, Gbina nonyyeHa cuctema YeTbIpeX ypas-
HEHW B MaTPU4HOM Buae (2):

24,5 P 1 1 1)(a
38,4 | 20° 20° 20 1||b 2
39,2 |40° 40° 40 1] |c
40,1 60° 60> 60 1) \d

[ns 3HaveHns mowHoctn P = 2,25 kBT cuctema
ypaBHeHui npumeT Bug (3):

22,8 P 1 1 1)(a
34,7 | _ 20° 20 20 1] |b “
34 40° 40° 40 1||c
35 60° 60> 60 1) \d

[NpuBeseHHble MaTPUYHbIE CUCTEMbI YpPaBHEHUN
TpebytoT pewenus. Mx pelwenne byaeT onpeaensitb-
CS1 COrMacHO ypaBHEHWIO:

M=A-X. (4)

lMonck Hen3BeCTHOro B ypaBHEHUM (4) ocyLuecTs-

n4nock ¢ nomowpto obpatHon matpuupl X = A1 - M
Ha OBM.

BekTop-cton6el, HeusBeCTHbIX K03hULMEHTOB
a, b, ¢, d onpegeneH u3 cootHowenus X = A1 - M.
Bug nonuHomoB 3aBucumocteit T(t) ans pasHbix
3HaYeHUM MOLLHOCTW HarpeBaTeNbHbIX 3NeMeHTOB P,
UMUTUPYIOLLMX Pas3fNYHOE KOMWUYECTBO TENmnoBblge-
nenus KPC, 6ygeT BbirnageTsb:

Ty.,»s = 0,000307* —0,036¢> +1,4¢ +23.
Ty, »s = 0,00032¢° —0,037¢> +1,3¢ + 22.

Ipadpmyeckoe n300paxeHne yKka3aHHbIX BblLE
3aBUCUMOCTEN NPELCTaBNEHO Ha PUCYHKe 3.

[MonyyeHHble 3aBUCMMOCTK MOKa3bIBalOT, YTO C
YBEMNUYEHNEM MPOAOIKUTENBHOCTU HarpeBa pacTeT
Temnepatypa Boabl. B camom Havane 3aBuUCUMOCTY
HabogaeTca akTUBHbIN NPOLECC Harpesa, ¢ POCTOM
BPEMEHMW HarpeBa HarpeB 3ameanseTcs.
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T,°C

40 ]
P=2,25 kBT

354

304

251
] t, MUH.

0 10 20 30 40 50 60
Puc. 3. 3asucumocmb memnepamypbi
om epeMeHU Hazpesa

BbiBoabl

BbinonHue matematuyeckue pacyétbl, Bbinu co-
CTaBNEHbl YPABHEHWS, MCXOLS U3 KOTOPbIX MOXHO
BbIYMCINTD, Kakas Temnepatypa Bogbl byaeT nony-
YeHa NpwW Harpese, Ha OnpeaeneHHOM aTane Bpeme-
HW, NPY 3ajaHHbIX NapaMmeTpax yCTPONCTBa.

MaTemaTuyeckass 06paboTka 3KkCnepUMEHTanb-
HbIX AaHHbIX MUCMbITAHUI OMbITHOTO 0bpasua yCTpoit-
CTBa ANs HarpeBa BOAbI Mokasana 3aBMCUMOCTb Be-
NMYMHBI TEMNEPATYPbI BOAbI OT BPEMEHU HarpeBa.

/AHTEHCMBHOCTb HarpeBa CHUXaeTca C yBenuue-
HWEeM BPEMEHU Harpesa.

B xoge BbiNonHeHus paboTbl 6GbiNO BbISBNEHO,
YTO HarpeB BOAbI, NPEAHA3HAYEHHOW AN NOEHMS, A0
HeobXxoaMMOro TEMNEepaTypHOro 3Ha4yeHWst BbINOI-
HseTcs. OnTMManbHOe BpeMsi HarpeBa 3aBUCUT OT
KONMW4YecTBa MOronoBbsi, ANs KoToporo Tpebyertcs
HarpeTb BOAY.
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