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the help of a laboratory installation.

Corn seeds were selected as objects of control, which gave the largest amplitude of the pulse of
registration. The set speed of the seed in the plane of control of the sensor was determined by the height of its
reset. When crossing the seed of the control plane of the sensor at its output, impulses were formed, the
amplitude and shape of which, separated by a load resistor, was recorded by a digital oscilloscope of type HPS5
and a camera.

The possibility of using capacitive and optical volumetric sensors for registration of grain flow at the
output of the seeding machine and at the level of the bottom of the furrow of the drill machine SZ-3,6 was
determined.

The analysis of the results of the study of the grain flow formed by the coil sowing machine showed that
the sensor intended for work in computer identification systems should register up to 350 + 400 seeds per

second, the average interval between which changes in range T, = 0,0023+0,0063s .

As a result of the received experimental data, we conclude that further upgrading of existing types of
capacitive and optical, visible parts of the spectrum, sensors, as the simplest of design and manufacturing
technology, with the aim of using them to identify the grain flow is inexpedient and hopeless. It is necessary to
develop sensors of another type, which would provide registration to 2-3 parallely flying grains in the plane of
its control.
seeding control, capacitive sensor, optical sensor, grain flow, pulse, control plane
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AmnapaTHO-TIporpaMHUK KOMIUIEKC BHMIPIOBAaHHS BOJIOTOCTI
3epHa B IOTOII 3 iHTepdelkicom 3a mpoTokonaom Modbus ta
Owen

B crarTi po3risgaeTbcs THTaHHS CTBOPEHHS arapaTHO-NIPOrpaMHOTO KOMIUIEKCY BHMipIOBaHHS
BOJIOTOCTI 3epHA B MOTOI 3 MOCIiI0OBHUM iHTepdeiicom kepoBanum npotokosamu Modbus ao Owen. Ilporec
CYIIIHHSI 3€pHA € OJHUM i3 HalOUIbII EHEPrOBUTPATHUX 1 BXIIMBHX 13 BCHOI'O LUKy 30€piraHHs 1 nepepooKu
3epHa. Lle moB’s3aH0 SK 3 MPSIMUMHU BUTpAaTaMy, OOYMOBIICHUMH BTpaTaMH SIKOCTI 36PHOBHX 1 HEMOXKIHMBICTIO
30epiraHHs IIpy HEBIAMOBIAHII BOJOTOCTI, @ TaKOXX BEIMKAMH E€HEPreTHYHUMH BUTpAaTaMH, OB SI3aHUMH i3
3a0e3neveHHsIM Tporecy cyminHs. OmmcaHo MexaHi3M TOpIiifHOro BimOopy ¢ikcoBaHOro 00’€My 3epHa 3
MOTOKY IUISi BHMIPIOBAHHS HOTO BOJIOTOCTI 3 TOJANBIINM BEPTAHHSAM 3epHa B TOTIK. OMHCaHO anrOpUTMHU
po0oTH TporpaMHOTO 3a0e3MeUeHHS KEPYyBaHHAM POOOTOIO amapaTHO-TIPOrPAMHOTO KOMIUIEKCY BHMipPIOBAHHS
BOJIOTOCTI 3€pHA B MOTOIII.
3epHO, BUMIPIOBAHHS, BOJIOTICTH, ANAPATHO-NIPOrPAMHMI KOMILJIEKC
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Pa3pa6oTka anmapaTHO-MPOrpaMMHOI0 KOMILIEKCAa HM3MepeHHsl BJIAKHOCTH 3€pHAa B

noroke ¢ uurepdeiicom no nporoxkoxry Modbus u Owen

B cratbe paccmarpuBaeTcs BOIPOC CO3MAaHMS AMIapaTHO-IPOIPAMMHOIO KOMIUIEKCA H3MEPCHUs
BJI&XKHOCTH 3€pHA B MOTOKE C IMOCJIEA0BATENLHBIM MHTEP(PENUCOM yIpaBisseMbiM mpoTokogamu Modbus wiu
Owen. Ilporecc CyIIKH 3€pHA SIBISCTCS OJHUM M3 CaMbIX JHEPrO3aTPATHBIX M BAaKHBIX M3 BCErO IIHMKIIA
XpaHEeHHs] M TepepaboTKH 3epHa. DTO CBA3aHO KaK C TPSIMBIMH 3aTpaTaMd, OOYCIOBJICHHBIMH IOTEPSMU
KauecTBa 3ePHOBBIX M HEBO3MOXKHOCTBIO XPAHCHUS IIPH HECOOTBETCTBYIOIICH BIAXKHOCTH, a TakKxkKe OOJIBITHMU
9HEPreTHYeCKHMMH 3aTpaTaMM, CBS3aHHBIMH C oOecredeHHeM mpouecca cymkd. OnucaH MeXaHU3M
MOPITMOHHOTO 0TOOpa (UKCHPOBAHHOTO O0BEMa 3EpHAa W3 TOTOKA IS HM3MEPEHHS €ro BIAXHOCTH C
MOCJIYIOIMM BO3BPAaTOM 3€pHa B TOTOK. ONHCAaHBI AITOPUTMBI PabOTBl HPOrPaMMHOTO OOECIICUCHUS
yIpaBjieHueM padoToi annapaTHO-IPOrPaMMHOT0 KOMILIEKCa N3MEPEHHs BIaKHOCTH 3epHA B IIOTOKE.
3epPHO, N3MEPeHHs], BJAKHOCTD, ANMAPATHO-NPOrPAMMHBII KOMILTEKC

IocTanoBka npodaemMu. YkpaiHa € oJHUM 13 HAHOLIBIINX BUPOOHUKIB 3€PHOBHX HA
CBITOBOMY pHHKY, KpiM TOr0 — BHPOOHMKOM JOCTaTHbO KOHKYPEHTOCIIPOMOMKHHUX
3epHOCYIIAPOK 1 MPH I[bOMY Mail’ke HE MAa€ Cy4acCHHUX CHCTEM KOHTPOJIIO 1 KepyBaHHS
MIPOIIECOM CYIIIIHHS 3€pHa.

Haii6inpm By3bKe Miclle TaKMX CHCTEM — BIJCYTHICTH BiJIMOBIAHHMX, HEOOXITHHX
BUMOTaM CTOCOBHO I[iHH, TOYHOCTI, HaJIIMHOCTI, IPUCTPOIB, sKI O 3a0e3meuyBagu KOHTPOJIb
BOJIOTOCTI 3€PHOBHUX B MPOIIECI CYLIIHHS B PEeKUMi peasibHOro 4acy. Bomoromipu 3epHa B
noroti, mo BupoOisuncs B CHJI, Taki sik [1B3-3 1 PB3-3, He 3acTocoBYBaJIMCh Ha MPAKTHUII
yepe3 HU3bKI XapaKTEPUCTHKH HaIiHHOCTI. BUKOpUCTaHHS IMIOOPTHUX BOJOTrOMIpiB 3€pHA B
MOTOIIl JJIsl OUTBIIOCTI MIANMPUEMCTB arporpoOMHUCIOBOTO KOMIUIEKCY HEIOCTYIHE 3 PUYUHU
BHCOKOI BapTOCTI.

[Iporec cymriHHS 3epHA € OAHUM 13 HAMOUTBIIT €HEPTOBUTPATHUX 1 BAXKJIMBHUX 13 BCHOTO
UKy 30epiraHHs 1 mepepoOku 3epHa. lle moB’A3aHO SK 3 NpSIMUMU BUTpaTaMH,
00yMOBIIEHUMH BTpaTaMU SIKOCT1 3€pHOBUX 1 HEMOJIMBICTIO 30€epiraHHs PU HEBIANOBITHIN
BOJIOTOCTI, @ TAaKOX BEJIMKUMHU EHEPreTUYHUMHU BUTpATaMHM, sKi 3a0e3NedyloTh Hpolec
CYILIHHS.

Sk BUXiI 13 MONOXKEHHs, B OLMBIIOCTI BHMAJKIB, BOJIOTICTb B MPOIECI CYIIIHHS
BHU3HA4yaloTh JaboparopHuM nuiaxoM. Ilpum mpomy T= T +T,+T. — uac oTpumaHHS
pe3yJbTaTiB BUMIPIOBAHHS BOJIOTOCTI CKJIAZA€ThCS 13 HACTYMHUX CKJIaloBux: T, — dac,
HEOOXITHUX MpAIliBHUKY Jadoparopii, s TOro, moO B3ATH MpoOy Ha 3epHOCYymapIi i
NpUHECTH 3pa3oKk B maboparopito; T, — yac mpoBedeHHs aHamizy, T, — 4yac AJsg BiAMOBiAL
OTIepaTopy CyMIAPKH MPO PE3yJIbTATH aHATIi3y.

[Ipn BUKOpHCTAaHHI TPAAUIIHHUX CIOCOOIB BHMIPIOBAHHS BOJIOTOCTI 3€PHOBHX B
MOTOIl, Yac OTpUMaHHSA pe3ynbraTiB T>60 XBWIMH, MO € HENPUUHITHUM, TOMY, IO
HPUBOJIUTH J10 HEPALIOHATIBHUX BUTPAT TEIUIOHOCIIB, a B A€AKUX BHUIAKaX 1 3HUKEHHS SIKOCTI
3epHOBUX.

BpaxoBytoun Bumies3ragaHi 0OOCTaBUHH, Ha AEAKMX MIJIPUEMCTBAX 3aCTOCOBYIOTh
eKCIpec-aHali3aTopu BoJorocti 3epHa. Lli npunaau, sk npaBuio, 3apy0iKHOro BUPOOHUIITBA.
Hagits, Ko excnpec-aHaiizaTop BOJIOIOCTI 3epHa arecToBaHuil Jlepkcranaaprom Ykpainu
1 mepeBipeHni, BUKOPUCTAHHS HOTO Ma€ HACTYIHI HEJOMIKHU. HasIBHICTb JIOICBKOTO (akTopy,
KU MOK€ MPOSBUTUCH B HECBOEYACHOMY BUMIPIOBaHHI BOJIOTOCTI 3€pHa; BiAiOpaHa mpo0a,
MOYKE XapaKTepH3yBaTH HE BCE 3€pHO, a JIMIIE Ty YaCTHHY, sKa 3HAXOJUTbCA B EKCIIpec-
aHaJi3aTopi BOJIOTOCTI 3epHA. TaKuM YMHOM, BITYM3HSIHHUN arpONPOMHUCIIOBHIA KOMIUIEKC HE
Ma€ BOJIOTOMipa 3epHa B MOTOIl AOCTYIHOTO MO 1IiHi 1 BIAMOBIAaI0YOr0 HEOOX1THUM BUMOTaM
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Ta MokasHukam. ToMy, po3Mipu BTpaT, HaBITh Ha PiBHI OKpEeMUX KOMOIHATIB XJI100MPOIYKTIB
(KXII) mocsratoTh NECATKIB TUCSY TPUBEHD B CE€30H. AKTYaIBHICTD IIi€l MPOOJIEMHU B ILJIOMY
JUTSL arpOIIPOMHCIIOBOTO KOMIUIEKCY € OUYEBUIHOKO.

B renmepimmHiii Yac Ha  BITYM3HAHUX  3E€PHONEPEPOOHMX  MMiINPUEMCTBAX
BUKOPHCTOBYIOTBCS TPWIAAHW Ui OJHOPA30BOI0 BUMIPIOBaHHS BOJIOTOCTI (CTarioHapHe
n1aboparopHe obsaiHaHHs), 200 MOOUIBHI (py4Hi) IpUIIAIH.

Cepen 3apyOiKHUX BUPOOHUKIB TIOTOYHUX BOJIOTOMIPIB CHITyYHX MaTepialliB MOKHA
BUIUTUTH HiMellbKy Kommanito SWR Engineering. B mozensix Bosioromipis i€l KOMIaHii
3amMpoBa/KEHA CHCTeMa OE3KOHTAaKTHOTO BHMIPIOBAaHHS BHCOTH HACHUITy MaTepiayly, IIo
TPAHCHOPTYETbCA IO KOHBEEPHIM CTpiuli. 3aBASKH IIbOMY BHMIpPIOBaY BOJIOTOCTI CTa€e
MOBHICTIO HE3AJIC)KHUM BiJI PESKHUMIB POOOTH KOHBEEPA, MPOJOBKYIOUH 3I1MCHIOBATH TOYHI
BHUMIPIOBAHHS BOJIOTOCTI TIOTOKY.

MiKpOXBHIIBOBI  BOJIOTOMIPH  3aCTOCOBYIOThCS JJISi  BUMIPIOBaHHS  BOJIOTOCTI
MaTepianiB B OyHKepax Ta 1HIIMX TEXHOJOTIYHMX €MHOCTSX, CIIyCKOBUX XoJjo0ax, Tpyoax,
NpY TBUHTOBIH Mojaui marepiany i HaBiTh O€3MOCepeIHbO B TEXHOJIOTIYHOMY mporieci. s
IIOT'O CTBOPEHI crieriaabHl MoAudiKallii BUMipIOBaviB.

AHaJIi3 CTAHJAPTHUX CXeM Ta MeTOAiB BUMipIOBAHHA BOJIOTOCTi 3epHAa B MOTOLI.
CtpykTypHa cxema amapaTHo mporpamuoro komiuiekcy (AITK) BumiproBaHHS BOJIOTOCTI
3epHa B MOTOLII IIpe/CTaBiIeHa Ha puc. 1.

1. — 14

1.1
3

Pucynok 1 — CtpykrypHa cxema AITK BuMiproBaHHS BOJIOTOCTI 3epHA B MOTOIII
Jicepeno: pospobreno asmopamu
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CxeMa CKIQJa€Thbcsi 3 YOTHPHOX OCHOBHHMX 4YacTUH: 1 — CEHCOpPHHMU MOJYIIb,
2 — inTepdeiicHuii Moaynb, 3 — OOYMCIIOBAIBHHNA MOAYNb, 4 — MOAYNb IHM(POBOTO
KepyBaHHS (BEpXHiil piBEHb).

B cBoto gepry, ceHcopHHIT MOTyIb cKIanaeTbes i3: 1.1 — cercopa, 1.2 — moBopoTHOTO
MexaHi3Mmy, 1.3 — renepaTopa onopHoi yactotH, 1.4 — qudepeHiiiaropa 4acTor.

Cencop (1.1) 3a0e3neuye Bifbip Ta 3HATTS aHAJOTOBOTO CHTHAIY 3 TOTOKY 3€pHA.
[ToBopoTHHmii MexaHi3Mm (1.2) BUKOHY€E TepeMillleHHs BigiOpaHOi mMpoOM 3 MOTOKY Bia Miciis
3aBaHT@XXCHHS JIO Miclsl BUBaHTaxeHHs. ['eHeparop omopHoi wactotu (1.3) momae Ha
BUMIPIOBAJIbHY YaCTHHY CEHCOpa 3aJaHy JUIs BiIIMOBIIHOTO THIy 3€pHA BXIiTHY YacTOTY.
Hudepenmiatop (1.4) mopiBHIOE BUXiTHHI CHTHAJ 3 CEHCOpa Ta OMOPHUIA (3a1aHuit) CUrHAT i
nepeae iHGopmarliro Ha 00poOKy.

Iarepdeiicauit Moayap (2) mictuth B cobi: 2.1 — MiKpoKOHTpoJsiep Ta 2.2 — eKpaH
(°KKI) i npu3HaveHuii 1y1s1 30epiraHHs Ta BUBEACHHS iH(OpMallii.

Jlo cknaay obumciroBaabHOro Moayist (3) Bxomuts: 3.1 — reHeparop vacrotu, 3.2 —
STM32, 3.3 - USART, 3.4 - OWEN, 3.5 - 12C (uwuHn), 3.6 — MODBUS.

Mikpokonrpoaep STM32 (3.2) 3abe3neuye mepeTBOPEHHsS aHAJIOIOBOTO CHTHAy B
UQPOBHIA Ta BUKOHYE MaTeMaTH4Hy oOpoOKy manux. bnoku 3.3, 3.4, 3.5, 3.6 € anapataum
inTepdeiicom 1 mpusHadeHi mus oOMiHy manumu 3 BepxHim piBaem (PLC, TIEOM).
[arepdeiicauii Moaynp 3abe3neuye HanamryBanHa AITK BuMiproBaHHS BOJIOTOCTI B MOTOLI,
KepyBaHHS MIBUKICTIO BiA0OPY Mpo0b 3epHa Ta KOHTPOJIb BBEACHH/BUBEICHHS iH(OpMAITii.

bnok mudposoro kepyanus (4) cknamaerbes i3 4.1 — knaBim kepyBanHs, 4.2 —
MOJTyJIsl KEpyBaHHs MIBUAKICTIO, 4.3 — MOIyJIsi KOHTPOJIIO BBEACHH/BUBEACHHS 1H(OpMALIii.
Cxutag 1aHoro 670Ky Moxe opMyBaTHCS 32 BAMOTaMH KOpUCTyBada. ToOTO MOKe MICTUTH B
co6i EOM BiamoBiiHOTO KJ1acy Ta moTykHOocTi, a00 PLC pi3sHUX BUPOOHMKIB /IS Bizyastizamii
1 30epeKeHHs TaHuX.

Ha puc. 2 nmpencrasieno 3aranpauii Burisin AITK BUMiproBaHHS BOJIOTOCTI 3€pHA B
MOTOI:

1 — enekTpOHHA YacTUHA; 2 — CEHCOP

Pucynok 2 — ATIK BuMiproBaHHS BOJIOTOCTI 3€pHa B MOTOLI 3 HEJIO3YIOUUM CEHCOPOM
Lowcepeno: pospobaeno agmopamu

Ha puc. 3 moka3aHo KOMMOHEHTH enekTpoHHOI vactuHu AIIK BuMmiproBaHHs
BOJIOTOCTI 3€pHA B MOTOIII
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Pucynoxk 3 — KomnonenTn enexkrpontoi yactian AITK BUMiproBaHHS BOJIOTOCTI 3epHa B ITOTOII
Jicepeno: pospobreno asmopamu

Pesynbratn wmonemoBannss AIIK BHMIipiOBaHHS BOJIOTOCTI 3€pHa B IOTOLI
MpeACTaBICHO HA pUC. 4.

2

AR A A AR AL
WY

B.0088 = T2 1.2477 = T2-T1 1.2477
4.1182 W RE 4.1182 MARAAL 3. 1974e-140
-1.8587 M WH2 -2.1363 WBEAWB1 |-282 . 6883 mW

—Time baze Trigger Channel & Channel B

A r—

X position Lewal 0.00 H‘ ¥ position | 0.00 E f position | 0.00 E Reverse
[ TAED BEm 4[5 ei] | Acio|EE 4z 0 |ER s |

1 — ocumsiorpamMa BXiIHOrO CUTHAIY; 2 —OCIIJIOIpaMa BUX1IHOTO CUTHAITY

Pucynox 4 — Pesynbrati MogenmoBanHs AITK BUMipIoBaHHSI BOJIOTOCTI 3epHA B ITOTOL
Joicepeno: pospobneno asmopom

IMocranoBka 3amaui. JlaGopaTopHi Ta TONHOBI BHUIIPOOYBAHHS PO3POOICHOTO
IPUCTPOIO TIOKA3aJIH, 1[0 CCHCOPHUI TPHUCTPii (pUC. 2) amapaTHO-MPOrPaAMHOTO KOMILIEKCY
He 3a0e3neuye TOYHOCTI BUMIPIOBaHb BOJIOIOCTI 3€pHOBUX B JocTaTHii Mipi. [IpumumHOIO
IILOTO € T€, IO MOTIK 3€pHa KU MTPOXOJAUTH Yepe3 CEHCOP Mae Oe3MepepBHUIN XapaKkTep 1 He
3a0e3meuyeThesl MOCTiHA MIUIBHICTh 3epHa. ToOTO AMHaMIiKa Mpolecy He Ja€ MOXIMBOCTI
BUMIPIOBAHHS BOJIOTOCTI 3€pHa 3 O0aKaHOK TOYHICTIO. TOMYy TMOMambIi JOCTIIKEHHS OyiIHu
HanpaBJIeHI Ha BHUPINICHHS 3ajadi cTalimizamii MOKa3HUKIB BUMIPIOBAHHS BOJIOTOCTI 3€pHA
IUISIXOM B1100pY HOPMOBAaHHX J103.
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BukiageHHsi OCHOBHOO Matepiajy. B pesynbTaTi nmpoBeaeHMX AOCHIKEHb OyB
po3polIIeHnH MeXaHi3M Bi100py Mpob 3epHa, sIKKi 3a0e3edye HOoro MoCTiiHY MIUTBHICTE TpU
BUMIipIOBaHHI Bojorocti. TpuBUMipHa MOJIelTh MeXaHi3mMy (ceHcopa) mpejcTaBlieHa Ha puc. 5.

1 — GapabaH; 2 — xopItyc; 3 — 3aHs KpUIIKa

Pucynoxk 5 — TpuBumipHa MOIeIb MeXaHi3My BiIOOpY Mpod 3epHa
toicepeno: pospobreno asmopamu

Pucynok 6 — 3amHs kpuIllka MeXaHi3My Bif0Opy Mpod 3epHa
Joicepeno: pospobaeno agmopamu

Mexani3m Bizbopy npob 3epHa MOKa3aHo Ha puC.7.

PucyHok 7 — MexaHi3M aBTOMaTHYHOTO BiJ0OPY MO0 3epHa B MOTOL
Hoicepeno: pospobreno asmopamu
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CTBOpPEHO BIAMOBIIHE MpOTrpamMHe 3a0e3MeueHHs, IO Jajio 3MOTY Ha TIEBHHUN dac
3YIUHATH MEXaHI3M B1100py 1mpo0 3epHa JIs O1LTBIT TOYHOTO BUMIPIOBAHHS BOJIOTOCTI.
bnok-cxeMa 0OCHOBHOT MpOrpamMu MpeJicTaBlieHa Ha puc. 8.

( Ilouatox )

Tuiriamizamist BXOMIB 1
BHXOJIiB MIKPOKOHTpOJIEpa

Tnimiamszanis LCD
eKpaHy

Hanamrysan-
HS 3MIHUTH?

3MiHa nonepeaHix

HaJlalITyBaHb
3arnyck ABUI'YHA
Taitmep
Koureiinep
3aMOBHEHMIT?
Taiimep

JlaTauk cexirii
BBIMKHEHHIA?

Cron nBUryH

O06pobka maHux
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BuBenenns
TaHUX

BuBenenHs nanux 3a
nporokoiioMm OWEN

Busenenns qanux 3a
nporokoirom MUDBUS

3aKiHYUT

T

( Kinens )

Pucynox 8 — briok-cxema 0CHOBHOI IporpaMu
Jicepeno: pospobreno asmopamu

Bbnok-cxemu mianporpam npencrasieHi Ha puc. 9 i puc. 10.

" Aaustor )

(_ Mouatok )

Ikidianizangia smiHHm,

ET3HOSMTI CTApTOSY YEIMIHYTI OEMMYH
thaay poSoTi: B NMpAMOMY X0g)
F = startFaze
IHiuianizauia [ONOBHWEA
reHEpaToRS

ONopHOT LACTOTH Lpkn

Bubip (F)

‘ < KiHeub >

IHiuianizauis
ALIM, exig enaromeTpy
Ta TEpMOMETRY

IHigianizauis ekpasy
ONS TEKCTORKX
NoBinoMNEHL

IHiuianizayin eMxogis
ANA KEpYSaAHHA

“startFaze” “forwardFaze" "backFaze" ‘mensuration
Faze"

MpAswm xio OsuryHa.
HAswyo ceryHos

npofluna noTouHoi 3popoTHiA xig genryHa

dhasi, Togi

BwsoHaTi Luen

EMMIPFBAHHA.

MNepepaxyeaTi
MOKSEHUEA.

F = backFaze

Oamuamne
MO OHKEHHA
=17

BinoGpaauTk pesynbrati
SHMIDIESHE, SaHECTH
i® Ao pericTpiz, Npanop
HAREHOCTI HOSMX DAHMX
BHCTASMTH B true.

OEMrYHOM, SXi8 AETUMKS . . ]
MONOHKEHHA BIMIDIOSEHHR SyminiTi KEAryH !_FET:_U"O rg;:::ma 311”?:;:?’;“% =
F = forwardFaze _ . PTE CEkyHOA P ' %O
F = mensuration noTouHol dasn, Taal
Faze F = forwardF aze F = startFaze

v v .

Pucynox 9 — Biiok-cxema ninnporpamu KepyBaHHs BUMIPIOBaHHSIM
Loicepeno: pospobaeno agmopamu
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Lrcepeno: pospobaeno asmopamu

[arepdetic ATIK nokazano Ha puc.11-13:

Pucynok 11 — Intepdeiic AIIK (moyatkoBe 3aBaHTaKECHHS)
Loicepeno: pospobaeno agmopamu
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Pucynok 12 — Tatepdeiic ATIK (rosoBHE BiKHO porpaMu)

Jicepeno: pospobreno asmopamu

Pucynok 13 — Iatepdeiic ATIK (pesymbratu po6oTH)
IDicepeno: pospobneno asmopami

ATIK BuMiproBaHHS BOJIOTOCTI 3¢pHA B TIOTOIII ITOKa3aHO Ha puc. 14,
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1 — enekTpoOHHA YacTUHA; 2 — MpUMaro4mii OyHKep; 3 — MEeXaHi3M BiZ00py mpod 3epHa

Pucynok 14 — ATIK BuMiproBaHHS BOJIOTOCTI 3epHA B ITOTOL
Loicepeno: pospobaeno agmopamu

[Ipu BUBUYEHHI PUHKY €BPOMEHCHKUX 1 BITUM3HSIHUX MMOCTaYaIbHUKIB BOJOTOMIPIB AJIs
CHUITy4HX MPOAYKTIB BUSBUIIOCH, 110 MPOOJIEMa BUMIPIOBAaHHS BOJIOTOCTI B MOTOIl aKTyallbHA
HE JuIIe 1 YKpainu, a il 1y €Bporu.

Bonoromip noBHHEH BOJOAITH TAKMMH XapaKTEPUCTUKAMU:

—  BUMIPIOBATH BOJIOTICTh 3€pHA B TIOTOLII 3arajioM, a He OKPEMHX HOTr0 YaCTHHAX;

— 3a0e3nevyyBaTH MOXJIMBICTH 1HAMKAIl JAHUX MIPO BOJOTICTh B PEXKUMI pPeaTbHOI0
qacy,

—  XapakTepHu3yBaTHUCS MPOCTOTOIO MOHTAXY Ha 3epHOCYIIAPKAX;

— 3a0e3meyyBaTH  MOMJIMBICTb ~ BHKOPHCTAHHS ~ 3BOPOTHOTO  3B'SI3KY  JUIA
PEIMPKYIISAIIHHOTO CYIIIHHS 3€pHA B aBTOMAaTHYHOMY PEKUMI.

Ha nanwmii yac nesiki BITYM3HSHI MIJIPUEMCTBA HAMAraloThCsl BUPIIIUTH MpodiieMy 3a
JIOTIOMOTO10 Oe3MepepBHUX BOJIOTOMIPIB 3apyOiKHOTO ab0 BITYM3HSHOTO BUPOOHUITBA. AJe
i MpUIaad € e TEXHIYHO HEeAONparboBaHUMH (HECTaOlIbHI MOKA3HUKH), MAlOTh BHUCOKY
BapTICTh 1 HU3bKY SKICTh BUMIPIOBAaHHS.

BucHoBku:

1. BiacyTHICTb CHCTEMHHUX JOCHIKEHb BUMIPIOBAHHS BOJOTOCTI 3€pHA B MOTOL JIJIst
TEXHOJIOTIYHOTO TPOIIECy CYIIHHS B OAIITOBHUX CyIIApKax HE JIO3BOJISIE Y TIOBHOMY 00Cs31
BUKOPUCTOBYBAaTH aBTOMaTHUHE KEPyBaHHS POLIECOM CYILIiHHS 3 BUKoprcTaHHsIM EOM.

2. Po3pobneni Ta yJOCKOHAJEHI BiOMi METOAW [UIs BHUBYEHHS IPOLECY
BHMIPIOBaHHSI BOJIOTOCTI 3€pHA B IOTOIII.

3. AHani3 MaTeMaTH4HOi MOJEIi MPOLEeCy BHUMIPIOBAHHS 3€pHA B IMOTOIl JJO3BOJIMB
BCTAHOBHUTH, IIIO MPOIIEC CYIIIHHS B OAIITOBUX CYyIIapKaX € HECTINKUM 3 HasSBHICTIO 3HAYHUX
3aIi3HeHb Ta HEPIBHOMIPHOCTI BOJIOTOCTI MaTepialy Ha BXOJi B cucreMy. Ha mijcTaBi 1iporo
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OOTPYHTOBAaHO CTBOPEHHS JIOJATKOBOTO EIEKTPOMEXAHIYHOTO TPHUCTPOIO Ui  BimOOpy
JMCKPETHHX MPOO 3 MOTOKY B 3aJIEKHOCTI BiJ] IIBUAKOCTI MOTOKY 3€pHAa.

4. BcTaHOBIIEHO, IO MOTIK 3€pHa CTBOPIOE HEPIBHOMIPHICTh TYCTHHHU PO3IMOALTY
3epHa 1 3HAYHUX KOJIMBAaHb PE3yJIbTaTiB BUMIPIOBAHHS BOJOTOCTI 3epHa.

5. OTpuMaHO EKCIIEpUMEHTAJIbHE IATBEP/UKEHHS, 110 PO3pOOJICHUN armapaTHO
nporpamunii kommiekce (AIIK) 3a0e3nedye MOXIMBICTH iHAMKAIl JTAaHUX MPO BOJIOTICTH B
PEeXUMI peasbHOTO Yacy 3 JOCTaTHBOI TOYHICTIO.

6. CTBOpeHO MeXaHI3M aBTOMAaTHYHOTO BiIOOpY TpoO 3epHa B TMOTOI, IO
JI03BOJIMJIO CTaO1T1i3yBaTH MIOKA3HUKH BOJIOTOCTI 3€pHA.

7. Po3po0OneHO eneKTpOHHY CXeMy BHMIPIOBAaHHS BOJIOTOCTI 3€pHA €MHICHUM
METOOM.

8. Ilpame3naTHiCTh PO3pOOJICHUX MPUCTPOIB Ta CXEM MiATBEPHKEHO MaTeMaTHYHUM
MO/ICIIFOBAHHSM 1 €KCTIEPUMEHTATBHUMH JOCIIKSHHSIMH.
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Development of a Hardware-software System for Measuring the Humidity of Grain in a

Stream With an Interface Using the Modbus and Owen Protocol

Currently, Ukraine is one of the largest producers of grain in the world market, is quite competitive
manufacturer of grain dryers and it does not have modern control systems and process control for grain drying

The most bottleneck of such systems is the lack of appropriate requirements for price, accuracy,
reliability of devices, which would provide the humidity control of grain drying process in real time. The grain
moisture in the stream, produced in the CIS are not used in practice through a low reliability characteristics. The
use of imported grain moisture in the stream for most agricultural enterprises are not available due to high cost.

The process of grain drying is one of the most energy intensive and important of the entire cycle of
storage and processing of grain. This is due to direct costs due to loss of quality of grain and the impossibility of
storage at improper humidity, as well as large energy costs associated with the provision of the drying process.

As a way out, in most cases, the humidity in the drying process is determined by the laboratory. But
when using the traditional methods of measuring grain moisture content, the delivery of the results is nearly 60
minutes, which is unacceptable. This leads to irrational spending of coolants, and in some cases lower quality
grain.

In view of the above, some enterprises have used the Express grain moisture analyzers. These devices
are usually of foreign origin. Even if the Express analyzer grain moisture certified by state standard of Ukraine
and proved to use it has the following disadvantages: the presence of the human factor, which can result in
delayed measurement of grain moisture; sample may not characterize all grain, but only the part that is in
Express analyzer. Thus, the domestic agro-industrial complex does not have a moisture meter grain flow
affordable and meets the necessary requirements and terms of validity measurements and reliability .

Therefore, the size of the losses, even at the level of individual bakery reach tens of thousands of UAH
per season. The urgency of this problem in General, agriculture is obvious.
grain, measurements, humidity, hardware and software
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