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B crarse paccMOTpeHBI HEKOTOPBIE 0COOCHHOCTH U IEPCIIEKTUBHI BHEIPEHHUS TEXHONOTHI Ha 6a3e «HTepHeTa Bemein»

B pacTeHueBoacTBe. [IpencTasieHa peann3amus KOHTPOIIS MOKa3aTeJIel MOYBBl M BO3/lyXa BOCEMHAANATHIO NaTINKAMU,
pacnoIoKEHHBIMU Ha OTIBITHOM 3€MEIBHOM y4YacTKe B IEHTPE TOYHOTO 3eMiieienis Poccniickoro rocynapcTBEHHOTO arpapHOTO
yausepcurera — MCXA nmern K.A. TumupsizeBa. BOo3aMOXHOCTB yIaIEHHOTO TOCTYIA TOCPEACTBOM CYIIECTBYIOIINX CHCTEM
MOJIBIKHOM CBSI3M M MaJIo€ SHEPronoTpedieHne 3a CYET UCIOIb30BaHUS aIbTEPHATHBHBIX HCTOYHUKOB YHEPTHH JCIACT
00CITy’KMBaHNE TaKUX YCTPOICTB JOCTYIHBIM M Majlo3aTpaTHBIM. Hu3kas CTOMMOCTh TaTYNKOB, IPUMEHEHNE OHOpa3iaraeMbpIx
1 0€30MacHBIX KOMIIOHEHTOB TI03BOJISTIOT OTKA3aThCs OT MX MOCJIEAYIomero coopa. Pe3ynbrar MopeInpoBaHus IPECTABIICH,
COIVIACHO JjaTaM HaOMIoeHNs, TpadKaMu IToKa3aTesIei mouYBbl M Bo3Lyxa. ClenaH BBIBOA, YTO BHEIPEHHE TEXHOIOTHI Ha 6aze
«MHTepHEeTa Beeih MO3BOMT aBTOMATU3UPOBATh MPOLECCH M HCKIIFOYNTH yIacTHE YEIOBEKa B OOIBIIMHCTBE U3 HUX, 00eCTIeUnBast
TIpH 3TOM 3PPEKTHBHOCTH MTPON3BOICTBA.
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The paper discusses some of the features and prospects for the introduction of technologies based on the “Internet
of things” in crop production. The authors present an implementation solution for monitoring soil and air indicators
by eighteen sensors located in an experimental plot in the Precision Agriculture Center of Russian State Agrarian University —
Moscow Timiryazev Agricultural Academy. Both remote access through existing mobile communication systems and low
power consumption through the use of alternative energy sources make the maintenance of such devices an affordable
and low-cost option. The low cost of sensors, as well as the use of biodegradable and safe components make it possible
to avoid their subsequent collecting for disposal. The paper contains the simulation results represented, according to
the observation dates, by graphs of soil and air indicators. The authors conclude that the introduction of technologies based
on the “Internet of things” will automate processes and eliminate human participation in most of them, while ensuring

production efficiency.
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Brenenne. B Hacrosiiiee Bpemsi u3-3a HEOOXOTUMOCTH
MOCTOSIHHOTO POCTa 00bEMa MPOU3BOJICTBA, C YYETOM Pa3BH-
THS TEXHHUYECKON 0a3bl, BCTAaET HEOOXOAMMOCTh B MEPECMO-
Tpe CYLIECTBYIOIIUX MOJENEH YIpaBICHUs NPOU3BOICTBOM
CEJIbCKOXO3SIMCTBEHHOM INponykuuu. IIpu 3TOM BHenpeHue
HOBBIX U Pa3BUTHUE YK€ CYLIECTBYIOMINX IIM(POBBIX TEXHOIO-
IMI ies1aeT BO3MOXKHBIM ONITUMU3ALKIO CYIECTBYIOIIUX IIPO-
[[ECCOB B CMEKHBIX 00JAacCTAX SKOHOMHKH. Tak ajanTanuio
TEXHOJIOTMYECKUX PELICHUH B arpONpPOMBIIIEHHBIH KOM-
IIJIEKC CJIEyET pacCMaTpuBaTh B KAUECTBE OJIHOTO U3 METOIOB
NOBBILIEHUsI 3)(EKTUBHOCTH MOJIEIIEH YIPaBICHHUS, a TAKIKe
OCHOBOH JJIsl ajbHEMIIEH MOJAEPHU3ALUN U Pa3BUTUSA CENlb-
CKOXO034MCTBEHHOM OTpaCiu.

IIpunsaTie pelIeHUuN AOJIKHO OCYILIECTBIATHCS HA CO-
BOKYIIHOCTU HCXOJHBIX JAHHBIX B CHJy TOTO, YTO HPUEMBI
U CIIOCOOBI KaXKJIOTO U3 METOJI0B B3aUMOCBSA3aHBI MEXKAY CO-
6011, IlepeueHp TakMX MCXOMHBIX JAAHHBIX BO MHOTOM OIIpe-
JIeJSIeTCsl OTPACiIbI0 arpOIIPOMBILUIEHHOIO KOMIUIEKCa, Xa-
pPaKTEpUCTUKAMHU IpPOLiecca IIPOU3BOACTBA, YCIOBUSAMHU IIPO-
BeIeHUS paboT, KOJINIECTBOM TEXHUUYECKUX U YEIOBEUECKUX
pecypcoB. HannpumMep, B pacTeHUEBOJACTBE TaKUE ITapaMeTphl
OyAayT BKIIIOYATh CIIEAYIOIIME IMMOKa3aTeNy: IUIOUIaab IMOJeH,
COCTaB IPyHTa, OOBEMHBIN M yAEIbHBI BEC MMOYBBI, BIIaX-
HOCTb U TEMIIEPATYPY, YCIOBUS KIMMATa, TUIl IPOM3BOJUMBIX
KyabTyp [1-5]. YuéT COBOKYIHOCTH 3TUX MapaMeTpOB ITO3BO-
JII€T IPOrHO3MPOBAaTh YPOBEHb YPOXKAHHOCTH, NPUHUMATH
pELICHUs O CPOKAX IPOBEJICHHUS MOJIEBBIX padoT, ONPEACIATh
MOTPEOHOCTh U KOJIMYECTBO HCIONB3yEeMbIX YIOOpEHHH, yuu-
THIBaTh CIEIU(UKY YypOKAIHOCTH Ha OTHENIbHBIX y4acTKax
MaxoTHBIX 3eMenb [1-5].

Ceituac cO6op HeoOXonuMoi MH(DOPMALMK /ISl IPUHSATHIA
pelIeHni OCYIIECTBISAETCS 3a CUET CIYTHHUKOBOM CBHEMKH,
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OTCJIEKMBAHUS XapaKTEPUCTHUK IIpoliecca Ha MaIIWHAX, OCy-
LIECTBIISIOIINX MOJIEBbIe PaboThl, W 3abopa MpoO IMOYBHI.
OnHako OIHOBPEMEHHOE OTCIICKHMBAHHE XapaKTEPUCTHK
Ha OOJIBILION TEPPUTOPUU COMPOBOXKAAETCS THUCKPETHOCTHIO
U OTrpaHUYECHHUSIMH, KOTOPBIE BBI3BAaHBI TEPPUTOPHATIBHBIMH
COCTAaBJISIIOIIUMH, YTO SBJISETCS CYIIECTBEHHBIM HEIOCTaT-
KOM JUIsl TAKOTO Topsiika coopa naHHbIX [1-5].

[Tpu 3TOM OOMNIBIIOE KOIMYECTBO U3BJICUYSHHOTO MaTepH-
aja He MOUIeKUT udpoBoi 00padboTke. MHBIME CcllOBaMH,
STOT MaTepHasl He MOXET OBITh MPOAHATU3UPOBAH C TOJIK-
HOM TOYHOCTBIO U Y4YETOM TPEHAOB, HEOOXOIAUMBIMH IS
aJanTanuy TEXHOJIOTHH U METONIOB yIpasieHus. BHenpenue
texHojorui «MHTepHeTa Beweit» (anri. Internet of Things,
«I0T») u «bonpmux manueix» (anri. Big data) B mporeccsr
MIPOM3BOACTBA PEIIAIOT MPOOIEMBI JOCTOBEPHOCTH JaHHBIX,
aHanM3a M MOAENUPOBaHUE, a B MIEPCIIEKTHBE — U aBTOMAaTH-
3aruu [6-10].

Leanb ucce0BaHUsI — PACCMOTPETh OCOOEHHOCTH U Tiep-
CIEKTHBBI BHEIPEHHUS 3JIEMEHTOB TexHojoruu «HTepHera
Bemei» Ha [loneBoit craniu PTAY-MCXA nmenu K.A. Tu-
MUPSI3€Ba.

Marepuana u meroabl. B HacTosuiee Bpems Ha Ilonesoii
onbiTHOU cTaHmmu PTAY-MCXA umenu K.A. TumupsizeBa
B lleHTpe TOYHOrO 3eMIiEAENusl BEAYTCS pPa3IMYHBIC BHIBI
MOHHUTOPHHTIA TTOYBBI, OKPY’KaIOIIEeH Cpeibl, pACTUTEIbHOCTH
C LIEJIbI0 Pa3pabOTKHU MPEIIOKEHHUIH U PEKOMEH AN ISl OTI-
TUMaJIBHOTO [IPUHSTHUS PELICHUS [IPU YIPABICHUU TPOU3BOI-
CTBOM PacTEHHUEBOAYECKOI MPOAYKITHH.

OKONOTUYECKUH MOHUTOPUHT MPOBOJUTCA C IIOMO-
IIBI0 METEOCTAHIINH, PACIIONOKEHHON HENOoCpPEICTBEHHO
Ha TEPPUTOPUU IIOJIS CENbCKOXO3AUCTBEHHON KYJIBTYpbI

(puc. 1).
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Puc. 1. MeTeocTaHIIMA C KOMILIEKTOM LU (PPOBBIX JaTYNKOB

Fig. 1. Weather observing station with a set of digital sensors

Takas MeTeoCTaHIIHS OCHAIleHa HHTEP(PEHCHBIM MOIYIIEM
LI-7550, xoTOpBIit TIpeCTaBIseT COOOH KOMITOHEHT BCEX Ta-
30m3MepuTensHBIX cucteM LI-COR. Momynb CONEpKUT WH-
TEerpHUpPOBAaHHBIC CpelcTBa HU(PPOBOH 0OPaOOTKH CHTHAJIOB
OT Ta30aHATN3aTOPOB IUIOTHOCTH U BIIAYKHOCTH BO3/IyXa.

IToMrMoO MOCTOWHCTB (OTHOCHTENBHAS IPOCTOTAa M [IO-
CTYITHOCTB 000pPYIOBaHHUSA), TAKasi CXeMa MOHUTOPHHTAa UMEET
Tak)Ke CyIIeCTBEHHBIC HEJOCTATKH: e€ MPUMEHEHIE OTpaHu-
YUBAETCS HEOONBIINM KOJIUIECTBOM OOBEKTOB OOCITyKHBa-
HUS ¥ HATHYHEM JaTINKOB U KaOelreH, MpersTCTBYIOMNX BEI-
TIOJTHEHUIO TTOJIEBBIX PadOT.

B memsax mpemoTBpaieHns TONO0OHBIX HEYNOOCTB VIS IIPO-
BE/ICHUS WCCIICNIOBaHU, cOopa W Tepenadd MHGOpPMAIIH
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NaTumK 06BbEMHOM BNAKHOCTH NOYBDI

LoRaWAN Sensor Device

,Tm'u

TIpeIyIaracTcs NCIOIb30BaTh OECIIPOBOAHbIE AaTINKH. B 3aBucH-
MOCTH OT THIIa KOHTPOJIMPYEMBIX TapaMeTPOB 1 IIEJIH KOHTPOJIS,
YCTpOICTBa MOTYT yCTAHABIMBATHECS HAa PACTCHUS, 3EMEIbHbIC
YYaCTKH WIN CEJBbCKOXO3AHCTBeHHBIe MammHBL. Ha pricyHke 2
TIPEICTABIICHBI PA3INYHbIC TUITHI TaTYMKOB MOHHTOPHHIA OKPY-
xatoreit cpenpl ot kommarun OO0 «Jlaprex Temexom» [2].

B Hacrosimee Bpemst CyIIeCTBYIOT YCJIOBHS IS H3TOTOB-
JICHUS TTOPTATHBHBIX JATYMKOB, PaOOTAIONINX B AaBTOHOMHOM
PESKUME U UMEIOIINX BO3MOXKHOCTh BECTH OHJIAHH-MOHHTO-
pHUHT TpeOyeMbIX Ioka3areneid. IlepedeHb KOHTPOIUPYEMbIX
TIOKa3aTeneil ¥ HeOOXOANMBIX ISl 3TOTO JaTYNKOB (OPMHPY-
eTcs B 3aBUCHMOCTH OT HAa3HAYECHUS CEJIbCKOXO3SHCTBEHHBIX
YTOAWi 1 TIOCTABJIEHHBIX 3a/1ad.
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Puc. 2. BapnaHThl JaTYMKOB MOHMTOPHHTA OKPY KaIOIIeH cpeabl

Fig. 2. Samples of environmental monitoring sensors
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[omoGHBIC TATYMKK MOTYT COPACHIBATHCS B CTPOTO OMpe-
JeTIEHHBIC YYACTKH TOJICH B aBTOMAaTHYECKOM pEeXHME, Ha-
MPUMEP, C UCTIOJBb30BaHUEM TaKHX OCCIHMIOTHBIX JICTATENb-
HBIX alaparoB, Kak KBaJPOKOITEPhI, WU C HCIOIb30BaHHEM
CITyTHUKOBOTO MIO3UI[HOHUPOBAHUSI C TOYHOCTBIO 10 HECKOITb-
KHX JICCATKOB CAHTHUMETPOB (pHuc. 3).

Puc. 3. [IpuMeHeHne KBAIPOKONTEPOB /IJIsI MOHHTOPHHI A
CeJIbCKOX0351liCTBEHHBIX N0CEBOB

Fig. 3. Application of quadcopters for farm crop monitoring

[InoTHOCTH HATYMKOB YCTaHABJIMBAETCS Ha OCHOBaHWUU
UMEIOIIEICST HEOMHOPOAHOCTH M penbeda moneir. Ha pu-
CyHKe 4 IpejicTaBlieHa peau3alysi KOHTPOJIS IOoKa3arelei
KUCJIOTHOCTH, TEMIIEPaTypbl M BJIQ)KHOCTH TOYBBI, a TAaK¥Ke
TEMIIEpaTypsl U BI@XHOCTH BO3JyXa BOCEMHAaJIAThIO JaT-
YHKaMH, PACIOJIOKEHHBIMU Ha ONBITHOM 3€MEJIbHOM Y4acTKe
Poccuiickoro rocyaapcTBEHHOTO arpapHOro YHUBEpCUTETa —
MCXA umenu K. A. Tumupsizesa.

Bo3MOXHOCTD yAaI€HHOIO JOCTYNa HOCPEACTBOM CyIIe-
CTBYIOLIMX CHUCTEM IIOJIBMKHOM CBSI3M M Majioe SHEPronoTpe-
OreHue 3a CYET MCTIOJIb30BAHMS AJIETEPHATHBHBIX HCTOUHHKOB
SHEPruM JeslaeT OOCIy)KMBaHHE TaKUX YCTPOMCTB JOCTYII-
HBIM W Maso3arpaTHbiM. Huskas ceGecTonMOoCTh JaT4MKOB,
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MNPUMCHCHUC 6Hopa3naraeMLIx u 0e30IacHBIX KOMIIOHEHTOB
MO3BOJIAIOT OTKA3aTbCA OT UX MOCICAYIOIICTO c60pa.

Puc. 4. OnpITHasi cXeMa PacHoJI0KeHUS] TaTYUKOB
Ha IToseBoii onbiTHOM cTanmuu PTAY-MCXA
umenu K.A. Tumupssensa

Fig. 4. Experimental layout of sensors at the Field
Experimental Station of Russian State Agrarian University —
Moscow Timiryazev Agricultural Academy

OO1muit anroput™ 00pabOTKM JaHHBIX U NPHHSITHE pellie-
HUI B MareMaTH4eckod (opMe MOXHO INPEACTaBUTh B BHJE
TIOUCKA ONpeNeNEHHBIX ONTUMYMOB IyTeM 00paOOTKH MHO-
XKeCTBa [OKa3aTesei:

Xo=F(4, B, C,... n),

rae Xo — ONTUMAJIBHBINM T0Ka3aTeilb aHAIU3UPYEMOro Hapa-
MeTpa; F' — MareMaTndecKui (MHTeIUIeKTya bHbIN) ammapar
00paboTkn MaccuBa JaHHbIX; A, B, C, n — aHanu3upyembie
(perucTpupyemsble) OKa3aTeIH.

Pe3ynbTarsl uccjie10BaHMil. Pe3ynsTaTsl MOHUTOPHUHTA IIPEi-
CTaBJIeHbI rpadiKaMy MOKa3aTeIed KUCIOTHOCTH TIOYBBI U BIIaX-
HOCTH BO3/yXa B 3aBUCUMOCTH OT JIaThl HAOMIOIeH s (PHC. S).

Puc. 5. 3nayenune kucjoTtHocTH, pH (BepxHuii rpaduk) U BJIaKHOCTH NOYBBI, % (HHKHUI rpaduk)
B 3aBHCHMOCTH OT /IaThl HA0TI00eHHs

Fig. 5. The rates of acidity, pH (upper graph) and soil moisture, % (lower graph), depending on the observation date
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Ha ocHOBaHMHM MTOTy4YEHHBIX C CUCTEMBI JaTYMKOB JIaHHBIX
C TMOMOUIBIO HPOTPAMMHBIX HPOAYKTOB, KOHTPOJUPYIOLINX
MIPOLIECCHI CEIbCKOX03SHCTBEHHOM JIESITENEHOCTH, MOTYT pas-
pabarbIBaThCsI ¥ IIPeUIaraTbesi PEKOMEHAAIMHN ISl OTITHMAaJTb-
HOTO TIPUHSTHUS CIEAYIOINX PEIICHUH, Kacaroluxcsl yIpas-
JICHUS! ITPOU3BOJICTBA MPOITYKIINH PACTCHUEBO/ICTBA!

- HeOOXOAMMOCTH BHECEHHMsI ynoOpeHHH, ux o0béma, co-
cTaBa M TpeOyeMoii ruromiaa o0padboTKy;

- HeOOXOAMMOCTH TIPUMEHEHHS CPEACTB XMMHYECKOH 3a-
MIMTHI ¥ TUI0IMaan 00paboTKHy;

- IEPUOINYHOCTH MOJIMBA, €T0 00BEMA U TUIOIIAIN;

- HeOOXOAMMOCTH TOCaaKH (ToceBa) ceMsH WM cOopa
ypoxas,

- HEOOXOAMMOCTH OOCITY>KHBAaHHsI CPEACTB IPON3BOACTBA
U TIpouee.

COop u cucremaru3anus JaHHBIX MO3BOJISIET TOYHO IPO-
THO3UPOBATh 00BEM MPOIYKILUH, UIAHUPOBATh KaUTAIbHBIC
W OIEpalMOHHbBIE 3aTPaThl NPEANPUSATHS U ONTUMHU3UPOBATH
MPOLIECCHI IPOU3BOJICTBA B PE3YIIBTATE CTOMMOCTH KOHEUHOTO
MPOIYKTa.

BoiBoabl

Buenpenne texHonoruii Ha 0Oa3e «MHTepHeTa Bemieii»
B PAaCTCHHEBOJCTBE TO3BOJIUT aBTOMATH3UPOBATH MPOIECCHI
KOHTPOJIS TApaMeTPOB KHCIOTHOCTH, TEMIIEPATyphl U BIIAXK-
HOCTH TTOYBBI, TEMIIEPATyphl U BIAXHOCTH BO3IyXa, a TaKKe
MUHHMH3HPOBATh yYacTHE YeJOBeKa B OONBIIMHCTBE arpo-
TEXHOJIOTMYECKUX OIepaluii MPOU3BOACTBA CEIbCKOXO35IH-
CTBEHHOW MPOAYKLIMH.

HccnenoBarensckrue paboOThl B 007aCTH KOOPAMHATHOTO
(Tounoro) 3emuenenust B Lleatpe TouHnoro 3emuenenus Ilo-
neBoit onbITHON cTaHiuu PTAY-MCXA nvenn K.A. Tumu-
psi3eBa MOKAa3bIBAIOT MX BBICOKYIO 3(h(eKTHBHOCTH U TpeOy-
0T IIPOBEEHHS TaTbHEHIINX MCCICIOBAHUM IS OTACIBHBIX
2JIEMEHTOB Ha 0a3e «HTepHeTa Benlei.
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In cereal production, there are a number of methods for grain peeling. The process of peeling lupine grain having a specific
form, which differs from the spherical one, includes grain crushing, sieve screening, and pneumatic separating. Independent variables
characterizing the processing conditions include the gap between the rollers, grain moisture content, the speed of the rollers,
and their slippage. Roller mills (crushers) were used for crushing. The rotational speed of the rollers was 300 and 600 min™".
During pneumatic separation, the air speed in the pneumatic duct corresponded to 7.5 m/s. It has been established that the gap
between the rollers and the grain moisture content significantly affect the quality indicators of the ground product. As a result
of the experiments, it has been found that an increase in the gap in the range of 1.0...2.5 mm and an increase in the grain moisture
content from 8 to 13.2% result in the increased output of middlings and the average size of particles. However, the number of core
particles with shell remnants increases too, and the output of tailings (mainly, shells) decreases after pneumatic separation.
The output of marketable kernel middlings was about 70%. The technological process of white lupine grain peeling is based
on the traditional equipment of cereal production. The results obtained suggest the possibility of the primary processing of white
lupine grain with such crushers to produce kernel middlings of the required fractional composition.

Key words: white lupine, peeling, crusher, crushed grain material, shells.
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