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AHHoTaumsa. MacwTabHoe ucnonb3oBaHue GronpenapaTos ANA NpeAnoceBHol 06paboTkn CeMAH 3a4acTyo CAepPXUBAETCA OTCYTCTBUEM
TeXHWYECKNX peLLeHWi, obecnevmBarox MUHUManbHBI BPEMEHHOW WHTepBan mexay o6paboTKOM M MOCeBOM, YTO KpUTWYHO ANnA adpdek-
TUBHOCTU XMBbIX MUKpOOpraHnamoB. Llenb nccneposanna — paspaboTka U obocHoBaHWe MaTeMaTWYeCKON MOAENMU AnA pacyeTa CeKyHAHOro
pacxoga paboyel XWAKOCTW B MoAyne-npucTaBke, MHTErpPUpPyeMOI B NMOCEBHON arperat, ¢ y4eToM ero KuHemaTuyeckux napameTpos. Vccnepo-
BaHWA npoBoaunuck B 2024-2025 rr. B KazaHckomM MAY aHanuTu4eckum MeTogomM. B ocHoBY Mogenu nomnoxeH KUHEMaTUYECKWIA aHanns paboTbl
BbICeBaloLLero annapara ¢ y4eToM NpousBoguUTENbHOCTW arperaTa, YacToThl BpalleHua kaTyLwkun (n), koadpdunumeHta dykcosaHua (€ = 0,03-0,1)
N KOHCTPYKTUBHbIX NapameTpoB. BbiBeJeHO WTOroBoe ypaBHeHWe ANS onpejereHns cekyHAHOW nofaun BeBofMmoro Guonpenapata. PacueThbl
BbIMOMHEHbI ANS AunanasoHa ckopocTen 5-20 km/M n Hopm BbiceBa 100, 200 n 300 kr/ra. B pesynbrate yCTaHOBMEHO, UTO CEKYHAHLIA pacxoj,
npenapata usMeHsaetca ot 0,0023 n/c (npu V =5 km/4, Q = 100 kr/ra) go 0,028 n/c (mpu V=20 km/4, Q=300 kr/ra). Ha ocHoBe perpeccnoHHoro
aHanusa pacuyeTHbIX JaHHbIX B Microsoft Excel nonyyveHbl ypaBHeHUA NpAMbIX € KoadduUmeHToM deTepMuHaumm R? = 1,0, yTo nogreepxia-
eT LeTepMUHUPOBaHHYIO TOYHOCTL MoAenu. [na Hopmbl BbiceBa 100 Kkr/ra 3aBUCKMOCTb OMKCbIBAETCS ypaBHeHueM ¢, = 0,0023V — 6x107%,
ana 200 kr/ra — g, = 0,0047V — 5x10-%, anqa 300 kr/ra — g = 0,0071V - 0,0002. PaspaGoTaHHas MeToAMKa NO3BOMNSET TOYHO [03UpoBaTh Guo-
npenapar B peanibHOM BPeMeHW NO CUrHany Aatyvka ckopocTu, obecneynsas paBHOMEPHOCTE 06paboTKM U 9KOHOMMUIO BHOCMMOTO Mpenapara
40 25-30 %. BelBeAeHHble ypaBHEHUS ABNAIOTCA rOTOBBLIM anropuTMOM ANSA NporpamMMUpPOBaHUS CUCTEMbl aBTOMATUYECKOTO perynnpoBaHus
NPOU3BOAMUTENBHOCTU Hacoca-Ao3atopa. Peaynsratel paboTel CO3AaI0T OCHOBY ANA NPOEKTUPOBAHUA MHTEMNEKTYarbHbIX NOCEBHBIX KOMMIEKCOB
1 MOTYT BbITb UCMOMB30BaHbI B CEMNbCKOXO3ANCTBEHHOM MALLUMHOCTPOEHUN NpU paspaboTke U MofepHU3aLmmn obopyfoBaHua Ana NpeanoceBHON
06paboTkn ceMsH.

KnioueBble cnoBa: npeanocesHasa o6paboTka ceMaH, Buonpenapatel, MOAYNb-NPUCTaBKa, MOCEBHOW arperar, CekKyHAHbIA pacxoa npena-
paTta, kamepa CMeLUMBaHWA.
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Abstract. The large-scale use of biological preparations for pre-sowing seed treatment is often hindered by the lack of technical solu-
tions that ensure a minimum time interval between treatment and sowing, which is critical for the effectiveness of living microorganisms. The
purpose of the study is to develop and substantiate a mathematical model for calculating the weight flow rate of an operating fluid in an at-
tachment module integrated into a seed unit, taking into account its kinematic parameters. The research was conducted in 2024-2025 at the
Kazan State Agrarian University using the analytical method. The model is based on a kinematic analysis of the seeding machine, taking into ac-
count the unit performance, the speed of rotation of the spool (n), the slip coefficient (¢ = 0.03-0.1) and the design parameters. The final equation

for determining the weight flow rate of the injected biological preparations is derived. The calculations were performed for a speed range
of 5-20 km/h and seeding rates of 100, 200 and 300 kg/ha. As a result, it has been found that the weight flow rate of the preparation varies from
0.0023 I's (at V = 5 km/h, Q = 100 kg/ha) to 0.028 I/s (at V = 20 km/h, Q = 300 kg/ha). Based on the regression analysis of the calculated data
in Microsoft Excel, straight line equations with a coefficient of determination R2= 1.0 are obtained, which confirms the deterministic accuracy
of the model. For a seeding rate of 100 kg/ha, the dependence is described by the equation ¢ = 0,0023V - 6x107*, for 200 kg/ha —
g, =0,0047V - 5x10%, for 300 kg/ha — g, = 0,0071V — 0,0002. The developed technique makes it possible to accurately dose the biological preparation
in real time according to the signal of the speed sensor, ensuring uniformity of processing and saving in the applied preparation up to 25-30%.
The derived equations are a ready-made algorithm for programming the automatic control system of the metering pump. The results of the study form
the basis for designing intelligent sowing complexes and can be used in agricultural engineering in the development and modernization of equipment

for pre-sowing seed treatment.

Keywords: pre-sowing seed treatment, biological preparations, attachment module, sowing unit, weight flow rate of the preparation, mixing

chamber.
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BeegeHue. lNoarotoBka CemMsH K NOCeBY npea-
cTaBnsieT Co0ON BaXHbBIA 3Tam B arpOHOMUYECKON
NPakTUKe, KOMMNEKC MEPONPUSTUIA KOTOPOM Hanpas-
MEH Ha yny4dlleHne BCXOXKECTU U XU3HeCcnocobHOCTU
noceBHoro matepmana. OMPPEKTUBHOCTb AaHHOrO
npouecca BnMseT Ha poOpMUPOBaAHNE BbICOKOIO ypo-
Xasi U YCTOMYMBOCTb PaCTEHUA K HeOnaronpusiTHbIM
chakTopam okpyxarwLen cpeabl. TEXHONOMUS NOATO-
TOBKW CEMSH K MOCEBY BKMIOYAET HECKOMbKO mocne-
JOBaTENbHbIX ONepayui, CPeamn KOTOPbIX KIOYEBbIMU
ABMSIIOTCSA OMUCTKA, Kannbposka 1 o6paboTka noces-
HOro MaTepuana 3aWwuTHO-CTUMYNUPYIOLWUMN COCTa-
Bamu [1; 2]. Ang 3awmTbl CEMAH TPAAULMOHHO TEXHO-
norvs BknovaeT 06paboTKy XUMUYECKUMU NPOTPaBu-
TENAMMW, O4HAKO UX NPUMEHEHUE COMNPSPKEHO C Hera-
TVMBHbIM BO3JEMCTBMEM Ha MOYBEHHYIO MUKPOIopy
1 6e30NacHOCTb NPOU3BOAUMON Npoaykuun [3; 4].

B nocneaHve rogbl B arpapHOM MpPOU3BOACTBE
HabnogaeTcs yCTOMUMBASA TEHLEHUMS K PaCLUMPEHNIO
ncnone3oBaHns GuonpenapartoB ANsl NPeANnOCEBHON
06paboTkn cemsiH [5; 6]. BaxkHeMwum npenmyLle-
cTBOM OuonpenapaToB SBMNSETCS UX CNOCOBHOCTb
CTUMYNUPOBAaTb POCTOBbIE MpoLecchl pacTeHunin. dop-
Mupyemas npenapatamu Mukpobuonormdeckas 3a-
WMTa NOAABMAET PasBUTME NATOFEHHbIX MUKpoopra-
HU3MOB U UHAYLIMPYET CUCTEMHYIO YCTOWUYNBOCTb pac-
TEHUN K 3aboneBaHMsIM. 3TO MO3BOMSIET COKPaTUTb
06beMbl NPUMEHEHNSA NECTULMAOB, YTO NOMNOXUTESb-
HO CKa3blBAae€TCA Ha 3KOMOrM4eckor oBCTaHOBKE U
6esonacHocTn npoaykumm [7]. OaHAKO UX CyLLECTBEH-
HbIl HEAOCTATOK — NPSIMas 3aBUCUMOCTb 3 heKTUB-
HOCTWU OT BPEMEHU Mexay 006paboTKon CeMsIH U Ux
nonagaHuem B nodsy. Vicnonb3oBaHue OTAEMNbHON
NPOTPaBMMBAIOWEN TEXHWUKA YBENUYMBAET KOnude-
CTBO onepauyui, a BbIHYXIEHHOE HAXOXKAEHNE CEMSIH
B COCTOSIHUW MOKOS CHWXAET >KM3HECNOCOBHOCTb Ha-
HECEHHbIX MUKpoopraHusmos [8; 9]. PeweHnem yka-
3aHHbIX Npobrem siBnsieTcs 06paboTka ceMsiH Heno-
CpeiCTBEHHO B npouecce cega, 4To TpebyeT paspa-

BOTKN HOBbIX TEXHUYECKMX CPEACTB, TAKMX KaK MOLY-
NM-NPUCTaBKU K MOCEBHbIM arperaram.

SddekTnBHOCTE paboTbl Takoro mogyns, obe-
CneynBaloLLero pPaBHOMEPHOE MOKPbITUE U 3KOHO-
MUYHBIA pacxog npenapara, B 3HAaYUTENbHOW cTene-
HY OMpenensaAeTca KUHEMATUYECKMU U PEXMMHBIMM
BenuynHamu. KnoueBbiM TEXHOMOTMYMECKAM Napame-
TPOM SIBNSIETCS CEKYHAHBIN pacxon pabodein Xumko-
cTu. Ero HeBepHbI pacdeT NpuBOAUT K Nepepacxoay
npenaparta unv K HeLOCTaToO4YHOMY MOKPbITUIO CEMSH,
YTO CHIDKAET 3alnTHbIN achbdekT [10].

B cBHA3Uu € 3TUM Lenbio UCCNeA0BaHUN SBMNAETCA
paspaboTka u TeopeTndeckoe 060CHOBaHME MaTema-
TUYECKOW MOZENN ANA pacyeTa CeKyHAHOro pacxoga
paboyen XNoKocT B MOAYNE-NPUCTABKE, UHTETPUPY-
€MOW B NOCEBHON arperar, C yY4eTOM €ro KUHEMaTNYE-
CKNX NapaMeTpoB.

Matepuanbl U metogbl. TeopeTudeckne wu
aHanuTU4ecKne nccneaoBaHus NpOBOAMINNCH
B 2024—-2025 rr. Ha Gase KasaHCKOro rocynapcrBeH-
Horo arpapHoro yHusepcuteta. O6bekToM uccneao-
BaHWS CNYXXWUM 3KCMepUMeEHTarnbHbIN obpasel mMmogy-
na-npucTaBku, paspaboTaHHbIA Ha kadeape «Maium-
Hbl 1 06opynoBaHue B arpobusHecey» (pucyHok 1) [11].
VMcenepoBaHus BbINOMHANUCH ANA CEMSH CEnbCKo-
XO3SINCTBEHHBIX KynbTyp U GuonpenapartoB, peoro-
rMYECcKUe XapakTEPUCTUKM KOTOPbIX HaKnagblBaloT
OrpaHMYEHVE HAa MaKCUMarbHbIA Nepenas faBneHns
B CUCTEME pacnbineHus, He npesbiwatowmn 0,2 MIMa.

YCTPOWCTBO nNpefHasHa4eHo Ans  MHTerpaumm
B MHEBMOCUCTEMY MOCEBHOrO arperata ¢ uenbio 06-
paboTkn CEeMSH 3aLUTHO-CTUMYNUPYIOLWMMK npena-
paTamu HENOCPEeACTBEHHO B npouecce nocesa. KoH-
CTPYKUMSA MOAYNS-MPUCTaBKN BKMIOYAET Cnegyowme
OCHOBHbIE 3M1EMEHTbI: €MKOCTb Ans paboyen Xuako-
ctn (1), Hacoc-go3artop (2), kamepy cmelumsaHuns (3)
CO BCTPOEHHOW BUHTOBOW MOBEPXHOCTLIO (4), pacnbl-
nutene (5), cOOpHUK nanuwka padouen xuakoctu (6)
1 0TBOAHON naTpybok (7).
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1 — eMKOCTb 4511 pabouen XUAKOCTU; 2 — HACOC-403aTop; 3 — Kamepa CMeLUNBaHUS; 4 — BUHTOBAs!
MOBEPXHOCTb (LUHEK); 5 — pacnbinuTenb; 6 — COOPHUK U3NULLKA pabodei XXUAKOCTU; 7 — OTBOLHOM naTpybok
PucyHok 1 — SkcneprmeHTanbHbI 06pa3el, Moaynb-NPUCTaBKMW, YCTAHOBMNEHHbBIN B MHEBMOCUCTEMY
MOCEBHOrO arperaTa
1 — tank for operating fluid; 2 — metering pump; 3 - mixing chamber; 4 — screw surface (auger conveyor);
5 — sprayer; 6 — collector of excess operating fluid; 7 — outlet pipe
Figure 1 — Prototype of the attachment module installed in the pneumatic system of the sowing unit

TexHonornyeckni npouecc paboTbl YCTPOUCTBA
3aknovaetca B cnegyowem. CemeHa, Ao3upyemble
BbICEBAIOLLEN CUCTEMON MHEBMATWUYECKON CESANKM,
TPaHCMOPTUPYIOTCA BO3AYLUHBIM MOTOKOM B Kamepy
cMmewBaHusg. OaHOBPEMEHHO HAcoCc-403aTop noja-
€T pabouunin pacTBOp U3 €MKOCTU K pacrnbiiuTento,
KOTOpbIA hOpMUPYET a3po3onb. B kamepe cmelnBa-
HUS BOCXOAALLNA MOTOK CEMSH U a3pO30Ms 3aKpy4u-
BaETCA BUHTOBOW MOBEPXHOCTbIO, YTO o6ecneymBaeT
WHTEHCVBHOE W PaABHOMEPHOE MOKPbITUE MOBEPXHO-
CTW ceMsiH npenapaTtom. Yactb pabouen XuakocTu,
He ocaxaeHHas Ha cemeHax, ynaenueaercs B cOop-
HUKe 1 Yepes OTBOAHON NaTpybok peunpkynupyeT 0b-
paTHO B 30Hy pacnbineHua [11; 12].

B ocHOBY uccriesoBaHUsA MOMOXEH aHanuTude-
ckuin MmeTod. Ha nepeom aTane uccnesoBaHus Nnpose-
JEeH CUCTEMHBIA aHanM3 TEXHONMOMMYECKOro npoLecca,
KOTOpPbIA ONUCBIBAETCA NOCNEA0BATENbHOCTLIO One-
pauuvi: 403MPOBaHHAS Mojada CEMSH BbiCEBaOLLMM
annapaTtom Cesnku, nogada n pacnbineHne paboden
XUAKOCTW, CMELUMBAHWE KOMMOHEHTOB B Kamepe
C BMHTOBOW NOBEPXHOCTbIO, OCaXAEHNE U PELINPKYNSA-
LUusa HemspacxogoBaHHoOro npenapara [13; 14].

Ha cregytowem stane BbinonHeHO 060CHOBaHME
KOHCTPYKTUBHbBIX U PEXUMHbIX MapaMeTpoB YCTpou-
CTBa: AMAMETP KamMmepbl CMELUMBAHUS MPUHST PaBHbIM
160 MM, YTO COOTBETCTBYET CTaHAAPTU3NPOBAHHbBIM
pasmepam CEMSNPOBOAOB COBPEMEHHbIX MOCEBHbIX

arperaToB; KONMYECTBO W PacnonoXeHue pacnbinm-
Tenen oBocHOBaHbI HEOOXOAMMOCTLIO 0OecneyeHuns
MOMHOrO OXBaTa MOMEPEYHOr0 CEYEHUs1 Kamepbl,
a JaBneHWe B CUCTEME OrpPaHUYEHO 3HaJYeHMEM
0,2 MlMa B COOTBETCTBUM C PEONIOTNHYECKMMN XapaKkTe-

puctnkamu Gruonpenaparos.

3aBepLialoWwmMm 3Tanom crano maremaTuyeckoe
mMogenupoBaHue pabounx npoueccos [15; 16]. 3a oc-
HoBy 6bina NpPUHATa NPOU3BOAUTENBHOCTL NOCEBHOM
MaLlUHbI, onpeaensemasi no opmyne:

V,x B x103
= T = 0,1V, x B

rae W, — npou3BoAnTENbHOCT NOCEBHOTO arpe-
rara, ra/uac;

V - ckopocTb arperara, km/Jac;,

B - wwupuHa 3axearta NOCEBHOro arperarta, M.

Ha ocHoBe Npon3BOAUTENBHOCTY WM W 3a4aHHON
arpoTEXHUMECKOM HOPMbI BbiceBa Q (kr/ra) onpege-
NAETCA CEKYHAHbIN Pacxod cemsH g (Kr/c), xapakTe-
pU3yIOLWLMIA MacCy CEeMSAH, NOCTYMalWwux B CUCTEMY
06paboTkn B €AUHNULY BPEMEHM, 1 ABMSIETCS NEPBUY-
HbIM 45151 pacyeTa noTpebneHns pabodein XuakocTu:

_QxW, QxV/xB
T 3,6x10%  3,6x10° "’

rae Q — 3agaHHas HOpMa BbiCeBa CEMSH, Kr/ra.

(1)

dc )
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C yuyeTom Hopmbl BbiceBa Q (kr/ra) n Tpebyemoro
COOTHOLLEHNS npenapaTa k cemeHam (10 n/T) 6bina
npeanoxeHa pacdetHas copmyna ANS CeKyHAHOM
nogaqu npenaparta [17]:

_QxWXxB
I =3 6x107 @)

rae Q — pacyeTHas Hopma BbICEBA, Kr/ra;

q, — CeKyHAHasi nogava npenapara, 1/Cex.

[ns TO4HOTO pacyeTa HOPMbI BbICEBA CEMSH, He-
06X0AMMO yuUTbIBaTb HU3MKO-MEXAHUYECKNE CBOWN-
cTBa obpabartbiBaemMbix ceMsH. B Tabnuue npuse-
JeHbl OCHOBHbIE XapaKTEPUCTUKN CEMSH PasnnYHbIX
CenbCKOXO3ANCTBEHHBIX KYNETYP, OKa3sblBaloLmne Bruv-
SIHMe Ha MpoLecc BbiCeBa U 403UPOBaHNA pabodei
XKUAKOCTW.

Mpn y4yeTe nonpaBoudHbIX ko3hduyneHToB pac-
YyeTHas Hopma BbiceBa ByAeT onpeaensaTcs no cneay-
owen popmyne:

_F X Ip XX IX Ky XKy, XK

7XDXxa(l+K,) " (4)

roe F— nnowaab XenobKoB KaTyLKKN, CMZ;

[p — anuHa paboyen YacTu KaTyLuKn, MM;

j — 06bEMHBbIN BEC 3€pHA, T;

i— nepefaToyHOE OTHOLLEHME OT Korneca K KaTyLu-
ke (gosatopy) (0,5-1,5 ana sepHoBbix 1 0,12-2,2 ans
OBOLLHbIX CESANOK);

Ksan - koachdpuumeHT 3anonHeHus >xenobka
(0,85-0,98);

Kw — nonpagka Ha BNa>xHOCTb;

Kc — k03cbdrumeHT chinyyecTwy;

D — avameTp NpvBOAHOrO Koneca, M;

a — WwypuHa Mexaypsaabs, M;

KT — k03 PUUNEHT, yunTbIBAIOLWNIA TEMNEPATYP-
Hbl€ YCrOBMS.

[nsa yueta nsmeHeHus paboyen ckopocTu arpera-
Ta B MOAeslb BBEAEHA 3aBMCUMMOCTb YacTOThl BpaLye-
HVS BbICEBAIOLEN KaTyLIKNU OT CKOPOCTU ABWKEHMWS
arperara:

Yy xix60
n_ﬂxD(l—s)'

rae N — 4yacroTa BpalleHNs KaTyLIKU BbiCeBalo-
Lero arperata, MuH™";

VM — CKOpPOCTb ABWXEHWUS MOCEBHOMO arperara,
M/CeK;

€ — KO3(h(PULMEHT CKOMBXEHUS KOMNEC MO NoYBe,
paeHbi (0,03-0,1).

MyTem noacTaHoBKkM NpeobpasoBaHHOrO Bblpa-
XEeHUS AN CKOpocTu B hopmyny pacxoga nonydeHo
UTOTOBOE YypaBHEHWE ANA ONpPeAeneHus CeKyHAHOM
nogadn npenapara:

_QxnxmtxD(l—-¢e)XB
N 2,16 x 107 - i

O6paboTka AaHHbIX, PErPECCUOHHbIN aHanmus u
BM3yanu3auus pesynbTaToB BbIMOMHEHbI B Nporpam-
me Microsoft Excel. [NapameTpbl NMHENHbIX 3aBUCK-
MOCTEN OMpejenanicb METOLOM HauMeHbLUMX KBa-
apatoB. KauecTBo annpokcumaumm oLeHUBanochb no
koadhbpuyuneHTy getepmuHaymm (R?).

PesynbraTtbl MccnegoBaHUM M UX  OGCYX-
OeHue. Ha ocHOBe MaTeMaTuyeckon mMogenu
(chopmyna 2) 6binn paccuUTaHbl CEKYHAHbIE Pacxo-
Abl CemsH (Q.) Ans AuanasoHa paboumx CKOpOCTEW
520 KmM/M K Tpex NpaKkTUYECKMX HOPM BbICEBA:
Q, =100 kr/ra, Q, = 200 kr/ra, Q, = 300 kr/ra. JaHHble
3aBUCMMOCTW BU3yanuanpoBaHbl Ha rpacdukax (pucy-
HOK 2), KOTOpPblE CMyXaT HarMmA4HbIM WHCTPYMEHTOM
NS onepaTUBHOW OLEHKN NapamMeTpoB.

AHann3 gaHHbIX, NPEeACTaBNEHHbIX HA PUCYHKE 2,

©®)

4n ©6)

Tabnuuya — Pr3nKO-MexaHNYECKNE CBOMCTBA CEMSIH 1 NOMPABOYHbIE KO3hDULNEHTDI
Table — Physical and mechanical properties of seeds and correction factors

KyrbTypa 222?1“’%'? Hatypa, r/n K;):gc))?:;t:j: Han;n;);:cl)(;b izﬁiﬁ:eg T';Zﬁfg%ﬁ:i
Kaan Kw
Mweruua 0,75-0,85 750 - 850 0,95 1,00 1,00 0,35-0,45
AumeHb 0,65-0,75 650 - 750 0,92 0,98 0,98 0,38-0,48
Osec 0,50-0,60 500 - 600 0,88 0,95 0,95 0,42 -0,52
Kykypyaa 0,70-0,80 700 - 800 0,96 1,02 1,02 0,30-0,40
MoAcoNHEe4HMK 0,40-0,50 400 - 500 0,85 0,90 0,90 0,45-0,55
Panc 0,60 - 0,65 600 - 650 0,82 0,88 0,88 0,50 - 0,60
Cost 0,70-0,75 700 -750 0,90 0,94 0,94 0,40-0,50
opox 0,75-0,85 750 - 850 0,93 0,97 0,97 0,35-0,45
Puc 0,55-0,65 550 - 650 0,89 0,93 0,93 0,48 -0,58
Mpeunxa 0,60 - 0,65 600 - 650 0,84 0,91 0,91 0,52 -0,62
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MO3BONSET KOMMYECTBEHHO OLEHWUTb HEOBXOAMMOCTD
TOYHOW CUHXPOHMU3ALUA MEXAY CKOPOCTbIO NepeaBu-
XeHus arperata 1 A03MPOBaHUEM CEMSH AnNA AOCTU-
XEHUS PaBHOMEPHOCTU NyCTOThI NMOCERA.

Pacyet cekyHaHoro pacxoja npenaparta (d,),
BbINOMHEHHbIA NO dopmyne (6), BbISBUN CHUHXPOH-
HYIO AnHaMuKy (pucyHok 3). Kak n B criydae ¢ ceme-
HamK, pacxos pabouein >XUAKOCTU NMUHENHO 3aBUCUT
OT CKOPOCTU 1 HOPMbI BbICEBA, YTO SABRAeTCH yHIa-
MEHTamnbHbIM YCMOBMEM JANS TOYHOro cobniofeHuns

arpoTEXHUHECKOrO COOTHOLLEHWS «npenapaTt/cemeHa»
(10 n/T) B M3MEHSAIOLWMXCS YCNOBUSX paboTel arperara.

AHanum3 npeacTaBneHHbIX rpacrKkoB NOKa3bIBaET,
yYTO ANS NOAAEPKAHUS 3a4,aHHON arpoOTEXHUYECKON
HopMbl BbiceBa (Q) yBENMYEHWE CKOPOCTU ABUXE-
Hus arperata (V) NMHENHO noBblwaeT Tpebyemyio
NMPON3BOAMTENBHOCTE BbICEBAIOLLErO annaparta u,
Kak CrneACTBUE, pacxoA cemsH (q,). MNMockonbky pac-
xon pabouen XUAKOCTU (4 ) HOPMATMBHO MPUBSI3aH
K Macce ceMsH, HabnoaaeTcs CMHXPOHHAsA, Nponop-

e, kric —— 100 = 500 o300
35
3
25 _ - A
! -
-
2 A 1,85
-~ -
1 5 1:4# - ol — —
" | [0,69] - =192 - 0,02
e w2 —
0
° ' 12 20 V, kmiy

PucyHok 2 — 3aBUCMMOCTM pacxoja CEMsSH OT CKOPOCTU ABWKEHWSA NMOCEBHOTO arperaTa, NOCTPOEHHbIE
B Microsoft Excel
Figure 2 — Dependences of seed flow rate on the travel speed of sowing unit, built in Microsoft Excel
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PucyHok 3 — JlnHelHble 3aBUCMMOCTU CEKYHAHOIO pacxoja npenapaTta oT CKOPOCTU ABUXEHUS arperara,
nocrtpoeHHble B Microsoft Excel
Figure 3 — Linear dependences of the weight flow rate of the preparation on the unit speed, built
in Microsoft Excel
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UMoHanbHas guHamuka oboux napameTpoB. Hanpu-
Mep, npu Hopme BbiceBa 200 Kr/ra yBenuyeHmne CKo-
poctn ¢ 5 A0 15 KM/M NPUBOAUT K POCTY CEKYHAHOro
pacxoga cemsH ¢ 0,46 no 1,4 kr/c, a pacxoga npena-
pata — ¢ 0,0046 po 0,014 n/c.

Ha ocHoBe pacyeTHbIX AAHHbIX METOAOM Hau-
MeHbwKnx keaapatoB B Microsoft Excel nonydeHbl
YPaBHEHNS NIUHENHON Perpeccun.

[nsi CeKyHAHOro pacxoAa CEMsH:

Ana Q, = 100 «kr/ra:

q,=0,23V. 7
Ana Q, = 200 kr/ra:

q, = 0,465V - 0,005. (8)
Ans Q,= 300 kr/ra:

q,= 0,703V -0,0002. 9

[ns cekyHaHOro pacxoaa npenapara:
Ana Q, =100 kr/ra:

g, =0,0023V - 6x10"8. (10)
Ansa Q, =200 kr/ra:

q,=0,0047V - 5x10°. 1
Ana Q, = 300 kr/ra:

q, = 0,0071V - 0,0002. (12)

[Mony4YeHHble ypaBHEHUA ABNAIOTCH popmanm3o-
BaHHbIM aHaNWTUYECKAM PeLUEHUEM, BbIBELEHHbBIM
13 Teopun pabounMx NPOLECCOB MOCEBHbLIX MALUWH.
Takon pesynsTat NoATBEPXKAAET, UTO B pamMKax npu-
HATBIX AOMNYLLEHUA mogenb obragaet abGCconioTHOM
npeackasaTtencHOM CUNONW, a Bapuauus pacxoja
MONMHOCTbIO OMPEeAEnseTcs WU3MEHEHUEM CKOPOCTM
N HOPMbl BbiCEBA. JTO MPUHUMNUANBHO BaXHO AMS
CO3[,aHUS CUCTEM YMNPaBMNEHUs, OCHOBAHHbIX Ha Ae-
TEPMUHNPOBAHHBIX anropuTMax, a He Ha cTaTucTude-
CKUX KOPPENaLUAX.

MonyyeHHble [Mana3oHbl YAEenbHOro pacxona
npenapata (0,023 — 0,093 n/T B nepecyeTe Ha ce-
KYHOHbIE 3HA4YeHUs) COOTBETCTBYIOT arpoTexHuqe-
CKUM pekomeHaauusm ans 6uonpenapatos [10],
a Takxke JaHHbIM APYrMX aBToOpoB MO 3peKTUBHO-
My pacxoay pabouen xmakoctu [12]. OgHako, B OT-
nnyve OT MHOMMX CYLLECTBYIOLUX MOAEMNEN, OpUeH-
TUPOBAHHbIX Ha CTauuoHapHble npoTpasuTenn [13]
unun obLwmne 3aBUCUMOCTI NPOU3BOAUTENBHOCTU [15],
NpeanoXeHHas MoAenb BrepBble B SBHOM BUAE WH-
TErpupyeT KNHEMATUYECKNIA NAPaMEeTpP BbICEBAIOLLETO
annapara — 4acToTy BpalleHunsa kaTywku (n). imeHHO
yyeT 3TOro napametpa uepes dopmyny (5) obecne-
uynBaeT yHAAMEHTAMNbHYIO BO3MOXHOCTb >XECTKOW
CYHXPOHM3aUMM npouecca o6paboTkm ¢ NPoLeCCOoM
nocesa, UTO HABMSAETCA KPUTUYECKUM TpeGoBaHWEM
ansa pabotel ¢ 6uonpenapatamn. [aHHbIN MNOAXOZ
NO3BONSET NEPENTUN OT PErYNUPOBAHMNSA MO KOCBEHHO-
My napameTpy (nnowagn) K npsaMomy ynpasrieHUIo
no napameTpy, HENOCPEACTBEHHO CBA3AHHOMY C Mac-
COBbIM PacXOA0M CEMSH.

MonyyeHHble ypaBHeHus Buaa q. = KxV+B npea-

CTaBMAOT COBON TFOTOBLIA anrOPUTMUYECKUA Bnok
ANS cucTembl ynpaeneHns. Ha ux ocHoBe MoOXeT
ObITb peannsoBaHa CTPYKTypHasA CXxema CUCTEMbI aB-
TOMarndeckoro perynuposaHusa (CAP) pasomkHyToro
TWNa no BO3MYyLLEHWIO. B Takol cucreme koHTponnep,
nonyyasi curHan o Tekylen ckopoctu asmxeHus (V)
oT GPS-npnemHmnka nnu gatymka 4yactoTbl BpaLleHus
Koneca n 3Has 3ajaHHyl0 Hopmy BbiceBa (Q), no co-
OTBETCTBYIOWEMY YypaBHeHno (10-12) B peanbHOM
BPEMEHM, BbIMACMAET YNpPaBnsAlOLIee BO3LENCTBME
ANS  WaroBoro WnvM CEepBOYMNpaBnsemMoro Hacoca-
jo3atopa. Oto obecneunBaeT aBTOMATUYECKOE NOA-
JepKaHne 3a4aHHOro COOTHOLIEHWA «npenapar/ce-
MeHa» npv Mobbix U3MEHEHUSIX CKOpoCTM B none. [Ans
MOBBILEHNA HAAEXKHOCTU U KOMMEHCaAUUN BO3MOX-
HbIX BO3MYLLEHUN (3acopeHne hOPCYHOK, UBMEHEHMNE
BA3KOCTWN) B NEPCMEKTMBE MpeanaraeTcs AOononHUTb
KOHTYpP 06paTHON CBSA3bIO N0 PaKTUYECKOMY pacxony
XUAKOCTM C NMOMOLLBIO JaTyMKa pacxoja, cosjaBas
Takum obpasom 6onee TOUHyIO 3amkHy Ty CAP.

Heobxoonmo  nogyYepkHyTb, UTO  3Ha4eHue
R% = 1,0 4OCTUrHYTO ANS TEOPETUYECKNX PACYETOB B
pamMkax naeanM3npoBaHHoOn Mogenu. B peanbHbIx no-
NEeBbIX YCNOBUSAX MOTYT MPOSBNSATLCH (PAKTOPbI, BHO-
CYBLUNE B MOAEMNb BO3MYLLEHUS: LUHAMUYECKOE W3-
MeHeHne ko3t duumneHTa BykcoBaHus (€), He naeanb-
HOCTb J03MPOBaHUSA CEMSH, BapuabenbHOCTb nx du-
3UKO-MEeXaHN4YEeCKMX CBOWCTB. OTO MOXET MPUBECTU
K cTatuctudeckomy pasbpocy hakTudeckux gaHHbIX
OTHOCUTENBHO pacyeTHON nuHuK. [oaTomy crneayto-
UMM NOFMYHBIM 3TanoM SBMAIOTCA HATYPHbIE UCNbITa-
HUS 3KCMepuMeHTanbHoro obpasua, Lenblo KOTOPbIX
cTaHeT Bepudukayma MOAENN B MOMEBbIX YCNOBUSIX,
OLeHKa CTeneHn BMAMSAHUSA BO3MYLLAIOWUX PaKkTOpoB
1 aganTtauus anroputmMoB ynpaeneHus aAnsa paboThbl
B KOHTYpe 06paTHON CBA3N.

Takum obpasom, B paboTe He TONMbKO Konude-
CTBEHHO YCTaHOBMNEHbI U CTPOro 060CHOBaHbI fETep-
MUHMPOBaHHbIE 3aBMCMMOCTW pacxoja npenapara
OT PEXMMHbIX MapamMeTpOB arperara, HO 1 Npeanoxe-
Ha KOHKpeTHas MeTo0nornyeckas OCHoBa Ans nepe-
XOAa K CO34,aHNI0 MHTENNEKTYanNbHbIX CUCTEM TOYHOTO
3emnegenvs, obecneymBatloWmx MakcumanbHyo ad-
heKTNBHOCTb NPYMEHEHNSA BronpenapaTos.

3aknoueHne. B pesynbrate nNpoOBEAEHHO-
ro UCCrefoBaHUA  JOCTUTHYTa  MOCTaBMeHHas
uenb — BbIMOMHEH aHanM3 Kro4eBblX NapameTpoB
KOHCTPYKLUUN MOAYNS-NPUCTABKA AN YMy4LeHNUs
kayecTBa 06paboTkm cemsiH Ouonpenapatamu He-
nocpencTBEHHO B npouecce nocesa. PelweHbl Bce
MOCTaBMNEHHbIE 3aAa4K: BbiBeAeHbl (POpMYnbl, yCTa-
HaBMMBawLWME B3aAMMOCBHA3b pacxoja npenapara
CO CKOPOCTbIO ABWKEHUA NOCEBHOrO arperaTa; npoBse-
JEHbl pacyeTbl CEKYHAHOro pacxofa npenapaTa Ans
AnanasoHa paboumnx ckopocten 5—20 KMm/4 1 HOpM Bbl-
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cesa 100, 200 n 300 kr/ra; nony4eHHble AaHHbIE CU-
CTEMaTU3MPOBaHbl U NPOaHANM3NPOBaHbl C NOCTPO-
€HMEM pEerpeccroHHbIX YypaBHeHun. PaspaboTtaHa
MaTeMaTu4eckass MOAENb U MOMNydeHbl KOHKPETHbIE
perpeccnoHHble 3asmcnmocTtn (10-12) ana pacdeta
ceKkyHaHoro pacxoga 6uonpenapata B Moayne-npu-
CTaBKe, KMIOYEBbIM OTNYMEM KOTOPbIX ABMAETCH YYET
KMHEMATUYECKOro napameTpa — 4acToTbl BpaLLeHUs
BbICEBAIOLLEN KaTyLIKM, YTO 0BecneumBaeT MpUHLUK-
NMUanbHYIO BO3MOXHOCTb CUHXPOHHOIO YynpaBreHns
npoueccom 06paboTkM ¢ NPOLEeCCOM NoceBa.

MpakTuyeckas 3HaUMMOCTb paboTbl NOATBEPXK A E-
Ha KOHKPETHbIMW PacyeTHbIMU NoKasaTensaMmu: ycTa-
HOBIMEHO, YTO NpPU CKOPOCTM 5 KM/M U HOpME BbiCEBa
100 kr/ra, pacxog coctasnset 0,0023 n/c, a npu cko-
poctun 20 km/4 n Hopme BbiceBa 300 kr/ra — 0,028 n/c.
BeiBeaeHHblE MaTeMaTU4ECKME 3aBUCUMOCTUA MOTYT
6bITb NPMMEHEHbI AN Nog00pa KOMMNEKTYIOLMX SKC-
nepumeHTanbHoro obpasua. [onydeHHble pesynsra-
Tbl MOTYT 6bITb UCMONb30BaHbI B CEMbCKOXO3ANCTBEH-
HOM MAaLUMHOCTPOEHWMN MPU NPOEKTUPOBaHUN 0BOopy-
JOBaHUSA, a TaKKe B arponpOMbILUNIEHHOM KOMMIEKCe
LISt TOYHOW HACTPOMKM MOLYNSA-NPUCTaBKK A4ns obpa-
BOTKN CEMSAH HA MOCEBHOM KOMMIEKCE.

MonyyeHHble ypaBHeHust Buga g, = KxV+B ss-
nsoTca HoOpManmM3oBaHHbIM anropUTMOM U FOTOBbIM
TEXHUYECKUM peLleHneM Ans nporpaMMyupoBaHmns
CMCTEMbl aBTOMATWMYECKOrO PEryrnMpoBaHns MpPons-
BOAUTENBbHOCTU Hacoca-[03aTopa B pearnbHOM Bpe-
MEHW MO CUrHany Aatyumka CKOpocTu. 3TO MO3BOMAET
NnepenTn OT NPOEKTUPOBAHNS MEXaHNYECKOro MO YIS
K CO34aHMI0 WHTENNEKTYanbHOro arpoTEXHUYECKOro
KOMMnekca.

Ona panbHenwero pasBuUTUSE UCCNEAOBaHUMA
uenecoobpasHoO MNPOBECTM MOMEBblE  UCMbITAHUS
aKkcnepumeHTaneHoro obpasya ans Bepudukayum
TEOpPETNYECKUX pacyeToB, pa3paboTatb Ha OCHOBE
MONy4YeHHbIX YPaBHEHUA anropuTM ANS CUCTEMbl aB-
TOMaTWYECKOro PeryrnupoBaHnua pacxoja npenapara
B PEXUME peanbHOro BpEMEHHU, a TakkKe UCCneoBaThb
BMVSHWE APYIMX KOHCTPYKTUBHbIX MapamMmeTpoB MOay-
NS-NPUCTaBKM Ha KayecTBO 06paboTKM CEMSIH.
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