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TEOPETUYECKOE OBOCHOBAHUE KOHCTPYKTUBHbIX
NMAPAMETPOB YCTPOUCTBA YNPABJIEHUA
PEXXMMOM OOEHUA

Cepreint AnekceeBuy Bopoaux
EBreHui AnekcaHgpoBuy AHOPUAHOB
Bnagumup Maenosuy LWaukuin
Anekceit AnekcaHgpoBuy AHOpUaHOB

BopoHexckuin rocyaapcTBeHHbI arpapHblii yHUBepcuteT umeHun nmneparopa lNetpa |

OaHVM 13 HanpasneHunin NoBbILWEHNS 3PEKTUBHOCT MALLMHHOTO AOEHNS U CHIDKEHNS 3a60neBaemMocTy KOPOB
MacTUTOM ABNSETCA pa3paboTka AOUMbHbBIX annapaTos C yNpaBnseMbiM PeXNMOM AOEHNS, KOTOpbIe B NpoLecce
BCEro nepuoga MOMOKOOTAAYN NMPOM3BOAAT BO3LENCTBUS HA COCKM BbIMEHW, afekBaTHble (PM3NOMNOrMYeckum
npoueccam. B ¢Bs3u ¢ Tem 4TO 3a Nepnod MalIMHHOIO AOEHMS U3 arnbBeOos BbIMEHU M3BMEKaeTCs MOroka MeHb-
e, YeM BO3MOXHO, ANS MOMHON peann3auun reHeTMYecKoro noTeHumana AoviHbIX KOPOB B TeYeHe AOeHNs A0-
UIbHBIM annapaTt CBOUM CTUMYIMPYIOLLMM BO3AENCTBUEM AOMKEH Noaaepxusate pednekc monokootgauu. MNpo-
LileCcC BbIBEAEHUS MOSIOKa M3 BbIMEHWN KOPOBbI CITOXEH U A0 CMX NOp MOMHOCTBIO He n3y4yeH. ABTopamu paspabo-
TaHa KOHCTPYKTUBHO-TEXHOMOMNMYECKas cxema AOWMbHOro anmnapara, Mo3BonsALWas B HaYane u B KOHUE A0eHWS
OCYLLECTBMATL CTUMYNMPYIOLLME BO3AEWCTBUS HA COCKM BbIMEHU, C LieNblo NpubBnmwkeHns npouecca MalunHHOIo
JoeHns K r3nonormyeckoMy npoLeccy BbIAENEHUS MONoKa, UMEoLEMy MEeCTO Npu CoCaHuu TerneHka. Llenbio
nccnepoBaHuii ABNSETC 000CHOBaAHNE KOHCTPYKTUBHO-PEXUMHBIX MapaMeTpoB YCTPOWCTBA YNPaBNEHUS PeXu-
MOM JoeHus annapata. O6bekT nccnegoBaHuii — pabounii NPoLIECC CTUMYMMPYIOLLEro AOUMbHOrO annapaTta ¢
perynupyeMbiM pexumomM AoeHus. [pouecc BbiBeAEeHWS MOMoKa M3 BbIMEHW KOPOBbI U HAnonHeHWs MOMOKOMO-
BYLLUKW MOMOKOM MOZAENMPOBAriCA C UCMOMb30BaHWEM OBbIKHOBEHHbIX AnddepeHumanbHbIX YypaBHEHUI 1 nocne-
JyloLwnx maTemMaTUyeckmx BbluUCneHuniA. [onyyeHa maTematuyeckas Mogernb npouecca BblBEAeHUS MONoka U3
BbIMEHN KOpOBbl. PaccMoTpeH npouecc HanonHeHs MOSIOKONOBYLLKW B HAYanbHbIA Nepuoj AoeHusl. YCTaHoB-
fleHa aHanuTM4yeckas 3aBUCUMOCTb, MO3BOMAOWAA ONpedennTb BpemsA LOCTUXKEHUS MaKCUMarbHOrO YpPOBHS
MOJIOKa B MOJSTOKOSOBYLLKE NPW 3a4aHHbIX reOMETPUYECKUX NapameTpax yCTPOCTBa yNpaBneHns N UHTEHCUBHO-
CTU MOJIOKOBbIBEAEHUSA. PacCMOTpeHbl Cyrnbl, AEACTBYIOLLUME HA YCTPONUCTBO YrpaBeHns PeXMMOM JOeHUs. Yc-
TaHOBMEHAa aHanMTMYeckas 3aBMCUMOCTb, NO3BONAOLWANA ONPEAEennTb BEC rpy3a, HeOBXOAMMBIN ANs OTKOYEHNS
CTUMYTMPYIOLLErOo pexnmMa JOeHus.

KITKOYEBBLIE CJIOBA: mawwvHHOEe AoeHwe, JOWMbHbIA annapaTt, KOHCTPYKTUBHbIE MapaMeTpbl, YCTPOWCTBO
ynpasreHusl, MOMOKOIOBYLLKA, PEXNM JOEHMS.
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One of the trends of mechanical milking efficiency enhancement and reducing cow mastitis morbidity is the
development of milking machines with controlled milking mode, which during the whole period of milk ejection
create long-term effect on udder teats that is adequate to physiological processes. Due to the fact that during
machine milking milk flow rate is lower than it is possible, and aiming at complete realization of dairy cows genetic
potential, a milking machine, through its stimulating impact, should maintain sufficient milk ejection reflex in cows.
Milk ejection out of cow’s udder is a complex process that does not lend itself to rigorous analytical treatment. The
authors developed constructive-technological design of milking machine that at the beginning and at the end of
e
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milking produces stimulating impact on udder teats in order to evoke proper milk ejection reflex as is usually in
case of calf suckling. The objective of research was to substantiate constructive operating parameters of milking
machines with controlled milking mode. Subject of research was the operation process of stimulating milking
machine with controlled milking mode. The authors simulated the process of milk ejection out of cow’s udder and
filling milk collecting tank through the use of ordinary differential equations and subsequent mathematical
calculations; developed mathematical model of milk ejection out of cow’s udder; considered the process of filling
milk collecting tank at the initial milking period; derived analytical dependency for determining the time of
achieving maximum milk level in milk collecting tank upon the given geometrical parameters of milking mode
control device and intensity of milk ejection; analyzed forces effecting milking mode control device; derived
analytical dependency for calculating the weight of the load necessary for switching off stimulating milking mode.
KEY WORDS: mechanical milking, milking machine, constructive parameters, control device, milk collecting tank,
milking mode.

Be/leHHe

OnHuM W3 HaNpaBJeHUH MOBBIIIEHUS 3(PPEKTUBHOCTH MAIIMHHOTO JOSHUS M CHUXKe-

HUs 3200JIeBa€MOCTH KOPOB MAacTUTOM SIBJIsieTcs pa3paboTKa JOUIBHBIX ammmapaToB ¢
YIPABISIEMBIM PEXKUMOM JIO€HUS, KOTOpBIE B IPOIIECCE BCETO MEPHOJa MOJOKOBBIBEICHUS
MPOU3BOJIAT BO3JACHCTBHSI HA COCKH BBIMEHH, aJIeKBaTHBIE (PH3UOJIOTUU KUBOTHOTO [4, 6, 7].
[ToaTomMy 0OBIUHO TpoTiecC BHIBEIACHUS MOJIOKA M3 BRIMEHH KOPOB Pa3IesSIOT HA OTAEIhHBIC
ctazuu (puc. 1) Mo UHTEHCUBHOCTU MOJIOKOOT/AAYU:

- TIepuo/1 HapacTaHus MOJIOKooTHAauu ((aza A);

- TIEPHOJT JOCHHUSI, KOTJIa MAaCCOBBIN BBIXOJ MOJIOKA U3 BBIMEHHU COXPAHSETCS Ha Mak-
cuManbHOM ypoBHE ((paza b);

- TIepUO/1 CHIYKEHUS MOJIOKOBBIBeieHus (daza B) [11].
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Puc. 1. OTgenbHble cTagum npouecca BbIBEAEHUA MOJIOKa U3 BbIMEHU

B cBsi3u ¢ Tem 4TO 3a nepuoj; MaIMHHOTO JOEHUS U3 albBE0J BHIMEHHU H3BJIEKAETCS
MOJIOKa MEHbINE, YeM OHMOJIOTHYECKH BO3MOXHO, UIS TOJHOW peanu3alii TeHEeTHYECKOTO
MOTEHIMaja JIOWHBIX KOPOB B T€UEHUE JOCHUS JIOWIBHBIA armapaT CBOUM CTUMYJIHPYIOIIAM
BO3JICUCTBUEM JIOJDKEH MOIepKHUBATh pedieKe MOJIOKOOTHaud. ABTOpaMH pa3paboTaHa
KOHCTPYKTHBHO-TEXHOJIOTHUECKAsi CXeMa JOUWIIBHOIO ammapara, Mo3BOJISAIONIasl B Hayaie u B
KOHIIE JO€HHUS OCYIIECTBIISITh CTUMYJIMPYIOLIUME BO3JACHCTBUS HA COCKHA BBIMEHH, C IEJBIO
NpUOIHKEHUS TIpollecca MAIIMHHOTO JOSHUS K (U3UOJIOTHUYECKOMY IPOIIECCY BBIICTICHHS
MOJIOKa, UMEIOIIEMY MECTO IPHU COCAHUU TeJIeHKa [2].
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[{enbro nccnenoBanuii sSBIsAETCS 000CHOBAHWE KOHCTPYKTHBHO-PEKUMHBIX MapameT-
POB YCTPOICTBA yIpaBJICHUs PeKUMOM JIOCHHS ammapara.

MeToauka Hecjiex0BaHHI

[Ipu paccMOTpeHUU MPOIECCOB BBIBEICHUSI MOJIOKA M3 BHIMEHH KOPOBHI M HAIOJIHE-
HUS MOJIOKOJIOBYIIKH MOJIOKOM HCIOJIb30BAJIMCh METOJIBI KJIACCHUYECKOW MEXaHWKH U TH]I-
PaBIUKH, MaTEMaTHYECKOE MOJCIMPOBAHUE IMPOIECCa OCYIIECTBISIIOCh C IpPUMEHEHHUEM
T PepeHIINATHFHBIX YPaBHEHUH W TOCICAYIOIMINX MaTeMaTHdecKux Beraucienuid [2]. Ilpu
W3Y4YEHUHU JTAaHHOTO BOIIPOCA 32 OCHOBY B3STHI paOOTHI M3BECTHHIX YUeHBIX [1, 3,4, 5,6, 7, 9,
10, 11, 12].

PesyabTaThl u HX 00cyKIeHHe

Panee mpoBeeHHBIMU TEOPETUUYECKUMHU HCCICIOBAHUSMU YCTAHOBIIEHO, YTO B Ha-
qanbHbIH niepuos goenus [ 0:T/2 | ynenbHas HHTEHCUBHOCTh MOJIOKOBBIBEICHHUS JIOCTATOYHO
XOPOIIO OMHChIBaeTCs (PYHKITHEH

()= arctg(A(t — B))+arctg(AB) ,

ot
7 1
2 + arctg(AB) M
rne A u B — napamMeTpsl, OnpeeNsione CKOpoCcTh HapacTaHUsT MOJIOKOBBIBEICHUS U
3aBUCSIINE OT UHIUBUIYaJIbHBIX KaUeCTB )KUBOTHOTO;
{ — IPOJIOJKUTENLHOCTD IOCHus, ¢, 1 < T /2.
I'padux ¢pynkimu (1) mpu 4 = 0,175 u B = 20 npeacTaBieH Ha pUCYHKe 2.
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Puc. 2. YgenbHoe MONoKOBbIBeAEeHUE B HaualibHbINA Nepuos OOeHUs

Ecnu 3a1aTh MakCUMaIbHYIO HHTEHCUBHOCTH MOJIOKOBBIBEJICHHSI HEKOTOPO# BEIHYM-
HOM m_max, TO 3aBHCHMOCTH HHTEHCHBHOCTH MOJIOKOBBIBEICHHS (M°/C) OT BPEMEHH OIpe/ie-
JsieTcsl ceyromeit GpyHKuei:

O(t)=m_max-Qu(t)/ p/60 | )
IJIe p — INIOTHOCTH MOJIOKA, KI/M’.

PaccmoTpuM Teneph mpoliecc HaroJIHEHUsT MOJIOKOJIOBYIIKH (pHUC. 3) B HadyaJlbHbBIN
IIEPHUO/T IOCHMUSL.
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Puc. 3. K BbIBOAY ypaBHeHUs1, onpeaensiowero yposeHb Morioka B MOJTOKOSOBYLI Ke

3a HEKOTOPBI IPOMEXYTOK BpeMeHH Af 06BbeM MOJOKa (M’) B MOIOKOIOBYIIKE YBe-
JMYUTCS HA BETUUUHY

S hlt +Ar)-S h(t), 3)

2
rae S, — IUIoa(b CEYEHUs KOBINA, M".
ITO HPOMCXOIUT 3a CUET TIONOJTHEHHS MOTIOKOJIOBYIIKH MOIIOKOM B KOTHUYECTBE (M)

Qle+A)+Q(t) )
2

3a 3TOT K€ MPOMEKYTOK BPEMEHHU Uepe3 OTBEPCTHE AUaMETpoM d (M) OTBOJMUTCS MO-
JIOKO 0GBeMoM (M)

0,.,(1)=08, \/ 2g Mm

, (%)
rae 6 — kodddunuent pacxona, ¢ = 0,6...0,7;
So — 101 Ib OTBEPCTHS, M ;
£ — YCKOPEHHUE CBOOOTHOTO MaJICHHUS, m/c?.
Hcxos u3 BHIIEIPUBECHHBIX YPaBHEHUH, UMeeM
A
S.h(t + At)-s.h()= AL+ ?* Q) s, \/ 2gwm 6)

Pa3nenus ypaBHenue (6) Ha Af m nepeiis k npeneny npu Ar — 0, noixydaeM ypaBHe-
HUE, OIIPEJIEISIIOIIEE YPOBEHD MOJIOKA B MOJIOKOJIOBYIIIKE:!

SK% = Q (1)- oS, 2gh. )

Ha pucynke 4 npezcraBieH rpaguk 3aBUCUMOCTH YPOBHSI MOJIOKa B MOJIOKOJIOBYIIIKE
2
ot Bpemenu npu Sy = 0,0035 m°, m_max = 1,2 Kr/mMuH, AMaMeTpe BBIITYCKHOTO OTBEPCTHS
d= 0,006 m.
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Puc. 4. 3aBUCUMOCTL YPOBHS MOJIOKA B MOJIOKOJIOBYILKE OT BPEMEHU

s rpa(bHKa, IMPUBCICHHOTO HA PUCYHKEC 4, MOJHO OIIPEACIIUTL BpEMS T noctmxeHUs
MaKCUMAJIBHOTO YPOBHS MOJIOKA B MOJIOKOJIOBYIITKC hmax .
I[anee nepeﬁ,ueM K BOIIPOCY OIPCACIICHUA BECa Ipy3a B CUCTEMC MOJIOKOJIOBYIIKA —

rpy3 (puc. 5).

[

LI
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L.
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Puc. 5. Cxema onpeaeneHusi Beca rpy3a B CMCTeMe MOJIOKOMNOBYILKa — rpy3:
1 — MONOKONOBYLUKA; 2 — OTBEpCcTUE; 3 — WapHUp; 4 — rpy3; 5 — MonokonpuemMHuk; 6 — natpyook
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C o/IHO# CTOPOHBI, HA CUCTEMY MOJIOKOJIOBYIIIKA — TPY3 JCHCTBYIOT TaKWe CHIIBI, KaK
CHJIa Beca COCAMHSIONICT0 CTepkHS P, (H), uMmeromniero wiedo L3/2, u cuna P;, uMeromas
OTHOCHTEJIBHO IIApHHpA TUIeHo L; ¥ onpeaessemas mo GopMmyie

PIZPK+PM+P0as> (8)

rae Py u P, — COOTBETCTBEHHO BEC MOJIOKOJIOBYIIIKM U MOJIOKA B HEH,
Pyus — crJa TaBlIeHUs CTPYH MOJIOKA HA KOBII, /.
C apyroii CTOpOHBI, Ha CHCTEMY JEHCTBYIOT BeC Ipy3a P,,, HUMEIOouii mie4o L,, u Bec
COCJIUHSIONIETO CTePXKHS P2, AMEIOIIETO TIeU0 Ly/2.
JI1s1 Havata OMpOKKUIBIBAaHUS CUCTEMBI JIOJKHO BBIOJIHSATHCS HEPABEHCTBO

Py L +Puy L3/2> ngL2+Pcm2L4/2+Mm, (9)
rae M,, — MOMEHT COIIpOTHBJIEHHS B ImapHupe (/1-m), KOTOpBIA ompenensercs IO
dbopmyre
M, = Pfd , (10)
rje f — ko3 punmeHT TpeHus B mapHupe;
d — nmameTp Baia, M;
P — o6muit Bec cuctemsl, H, onpenensemsrit mo ¢popmye
P=PK+PM+P0ae+Pch+Pcm2+Pzp~ (11)
PacemoTpuM cuibl, coctasisiromue P;.
Bec Mos0k010ByIIKH P, IOCTOSIHEH, BEC MOJIOKAa B MOJIOKOJIOBYIIKE HAaXOJIUTCS II0
dbopmye

P = SpMmax - (12)
Cuia JABJICHUS CTPYU MOJIOKA Ha MOJIOKOJIOBYIIKY P 0as (f[) OIIPECACIIACTCH 110 (bOpMyJIC
Pdae=pScmp V2 s (13)

2
r1e Semp — TIIOIIAIL KaHaa, M

V — CKOPOCTh CTPYH ITOCTYIMAOUICTO0 MOJIOKA, M/C.

VYuutsiBag, 4To v = %(—T), NIOJIy4aem
cmp
Pooy = L0 (14)
Scmp

W3 nepaBeHcTBa (9) cienyeT, 4To Bec Ipy3a JI0JDKEH YIOBJIETBOPSATH HEPABEHCTBY

PI LI +Pcml L3/2'Pcn72L4/2'Mm
< . (15)
L;

Bripaxenue (15) mo3BoisieT ompeAesnuTh F€OMETPUUECKHE IMapaMeTphl YCTpOWCTBa
YIPaBJICHUS] PEKUMOM JIOCHUSI.

3ak04eHue

TakuMm o6pa3oM, 3a7aBasi FEOMETPUUECKUE ITapAMETPhI MOJIOKOJIOBYIIKHA W UCIIOJIB3YS
BbIpakeHus (7) u (15), MokHO onipeienuTh BpeMsi 1" OTKIIFOUEHHUS] CTUMYJIUPYIOIIETO PeXUMa
JIOCHHSI TI0 JTOCTH)KEHUU MAKCHUMAJLHOTO YPOBHSI MOJIOKA B MOJIOKOJIOBYIIKE /gy, JHAMETP
BBIITYCKHOT'O OTBEPCTHs d U Bec rpy3a P, .

P,
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