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__ KUTANCKO-POCCUNCKIIA CUMMO3NYM SINO-RUSSIAN SYMPOSIUM

Kutaincko-Poccuinckuim cumnosnym
«MIHTenneKTyanbHas ceNbCKOXO3MCTBEHHAsA TEXHMUKA M NepefoBbie TEXHONOrMmn»

CuMno3uyMm npoiireJi B pe:kuMe BuAeokoHpepenun 25 noaops 2020 rona

B meponpustuu ¢ Poccuiickoid CTOpOHBI IPUHSIIM y4acTHe yueHble U3 PenepaabHOro HayYHOTO arpOMHKEHEPHOTO
nenTpa BUM (r. MockBa), UHCTUTyTa arponH)EHEPHBIX U IKOJOrH4Yeckux npoosem (pumman GHAILL BUM,
r. Cankr-IletepOypr) u Cankt-IleTepOyprckoro rocyqapcTBEHHOTO arpapHOTO YHHBEPCUTETA.

C Kwuraiickoil cTOpoHBI — yueHbIe U3 L{HHIa0CKOr0 arpapHoro yHUBEpCUTEeTa, AKaJeMUU HayK 110 MeXaHu3a-
MU CEITBCKOTO XO35UCTBA, MPECTABUTENN ACCOIMAIINN MAPKETHHTA CEIbCKOXO3IMCTBEHHON TEXHUKH.

Io uToram cuMIo3nyMa MOAMUCAHO COTIALIICHUE O COTPYAHHYECTBE B HAYYHOU U 00pa30BaTeIbHOI chepe Mexk-
ny @enepanbHBIM HAYYHBIM arporHx eHepHbIM IleHTpoM BUM, HCTUTYTOM arponHkeHEepPHBIX 1 IKOJIOTHUYECKUX
po0OIIeM CeTbCKOX03sHICTBEHHOT0 TPon3BoACcTBa, CaHKT-IleTepOyprckuM rocyIapCcTBEHHBIM arpapHbIM YHHBEP-
CUTETOM — C OIHOH cTOpoHbI U [{MHIa0CKUM arpapHbIM YHUBEPCUTETOM, AKaJleMUell HayK II0 MEXaHU3alUU CEJlb-
CKOT'0 X03siiCTBA M Accollnaiueil pacrpeaesieHus CeIbCKOX03UCTBEHHON TEXHUKHU — C IPYTON.

CraTby HACTOSIILET0 HOMEpA JKypHaJja MOJArOTOBJIEHB AaBTOPAMH Ha OCHOBE MaTepUaJiOB UX JOKJIAJOB HA CHM-
M03UYMe.

The Sino-Russian Symposium on Intelligent Agricultural Machinery
and Advanced Technologies

The symposium was took place virtually by videoconference on November 25, 2020

The Russian side was represented by the scientist of the Federal Scientific Agroengineering Center of VIM (Mos-
cow), the Institute of Agroengineering and Environmental Problems (a branch of FSAC VIM, St. Petersburg) and St.
Petersburg State Agrarian University.

The Chinese participants included the scientists of Qingdao Agrarian University(QAU), the Chinese Academy of
Agricultural Mechanization Sciences(CA AMS), representatives of the China Agricultural Machinery Distribution
Association(CAMDA).

The symposium culminated in the signing of an agreement on the scientific and educational collaboration be-
tween the Federal Scientific Agroengineering Center of VIM (FSAC VIM), the Institute for Engineering and Envi-
ronmental Problems in Agricultural Production (IEEPAP), Saint-Petersburg State Agrarian University (SPbSAU) on
the one side and Qingdao Agrarian University (QAU), the Chinese Academy of Agricultural Mechanization Scienc-
es (CAAMS) and the China Agricultural Machinery Distribution Association (CAMDA) on the other.

This issue papers are prepared by the symposium participants based on their talks.
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KUTANUCKO-POCCUIACKIIA CUMNO3UYM

SINO-RUSSIAN SYMPOSIUM

COBMECTHbI NPOEKT ®EAEPAJIbHOMO HAYHHOIrO ArPOUHXEHEPHOMO LIEHTPA BUM
v ULUHAAOCKOIO ArPAPHOIO YHUBEPCUTETA

HupexTop

®enepanbHoro neHtpa BUM,
npodeccop Anapeii U3maiision
professor Andrey Izmaylov

YBa)kaemble Konneru!

CepaeuHo npuBeTCTBYI0 yyacTHHKOB Knrtaricko-Poc-
cuiickoro ceMuHapa « MHTeIeKTyanbHas CeIbCKOX035H-
CTBCHHAs TCXHUKA U Hepenomﬂe TCXHOJIOTHUN . p | HaJIc-
FOCh, YTO TIPOBEICHHBIN CEMUHAP CTAHET HAYAJIOM TIJIO-
JOTBOPHOTO COTpyaHUYeCcTBa Mex 1y DenepanbHbIM LIEH-
TpoMm BMM u LlurgaockuM arpapHbIM YHUBEPCUTETOM.
MBI Takke paJbpl coTpyaHnuecTBy ¢ Kuralickoi akaze-
MHEN 0 MEXaHMU3AIlMU CEJILCKOro Xo3saiicTBa U Kuraii-
CKOW acCOIMAIHEH MO TUCTPHOBIONINH CEIbX03TEX HUKH.

Denepanpubiii HeHTp BUIM — Benyiee yupexaeHue
Poccuu B 00nacTi MeXaHH3aIHH, SIEKTPHU(PUKALINT U aB-
TOMaTH3alMH CENICKOTO X031 CTBa, pOOOTU3AIINH TEXHU-
KU, TU(PPOBBIX TEXHOJIOTHH, BO30OHOBIIIEMBIX HCTOYHH-
KOB Hepruu. bonbioe BHUMaHUE YUYeHbIE YASISIIOT pas-
BHUTHIO TEXHOJOTUH UCKYCCTBEHHOTO MHTEIIeKTA. J{is
obecrieueH s STHX HANPaBICHUN MbI OPTaHU30BATH MO/
rOTOBKY HOBOM F'€HEpallui MOJIOABIX HAYUHBIX COTPYIHU-
KOB 4epe3 MarucTpaTypy U acnupantypy. Hagerocs Ha mito-
JIOTBOPHOE B3aMMOJICUCTBUE C KMUTAWCKIUMH KOJIJIETAMHU.

Dear colleagues!

[ cordially welcome the participants of the Sino-Russian
seminar «Intelligent Agricultural Machinery and Advanced
Technologies». I hope the seminar will be as beginning
of fruitful cooperation between the Federal Center VIM
and Qingdao Agrarian University. We are also pleased to
cooperate with the Chinese Academy of Agricultural
Mechanization and the Chinese Association for the
Distribution of Agricultural Machinery.

The Federal Scientific Agroengineering Center VIM
is Russia’s leading institution in the field of mechanization,
electrification and automation of agriculture, robotization
of machinery, digital technologies, renewable energy
sources.

We give great attention to the development of artificial
intelligence technologies. To ensure these areas we have
organized the training of a new generation of young
researchers through master’s and postgraduate studies. I
hope for fruitful cooperation with colleagues from Peo-
ple’s Republic of China.
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PexTop

Llnemaockoro arpapHoro
YHUBEPCUTETA,

npodeccop JIro CHHbMHHB
professor Liu Xinmin

YBaxaemble Konneru!

Iox pyxoBogcTBOM MuHNCTEPCTBA HAYKHU M TEXHOJIO-
ruit KHP u MunucTepcTBa HayKu U BBICILIEr0 00pa3oBa-
Hus P®, coBmectHO ¢ PenepanbHbiM LieHTpoM BYM Mbl
YCIIEUTHO OPTaHU30BaIN CUMIIO3UYM «HTeNIeKTya b-
Hasl CeJIbCKOXO03MCTBEHHAs! TEXHUKA U TIEPENOBbIE TEX-
HOJIOTUM». MBI HaJleeMcs, YTO CEMUHAp CTaHET HayaJloM
MJIOJOTBOPHOTO coTpyaHHUYecTBa Mexky LIAY u BUM,
JPYTHUMU POCCHHCKUMH U KUTAHCKUMH MapTHEPAMHU.

LAY umeeT 8 TUCHMIIINH, BKJIFOYas CEIIbCKOC X035~
CTBO, HHXEHEPUIO, HAYKY, SKOHOMHKY, MEHEI)KMEHT, JTH-
TepaTypy, HICKYCCTBO U IpaBo. B HeM 25 pakynbTeTOB,
81 cnennanbHOCTH OakanaBpuara, 27 MarucTepcKux u 2
JIOKTOPCKHE porpaMmbl. B yHuBepcutete 6omee 30 Thic.
CTYIEHTOB. MoJIoAbIe yUeHbIe U CTYJIEHTHI — Oynyiiee
HAYYHOTO M 00pa30BaTeILHOTO MapTHepCcTBa Mex Ay Ku-
TaeM 1 Poccreii. Mbl cTpeMuMcs CTpOUTh 3QPEeKTHBHOE
COTPYIHUYECTBO MOJOABIX mokoneHuit Kuras u Poccun,
CO3JaTh IMpoIBeTaromIee Oyayiee BMECTe ¢ HAITMMH POC-
CUHCKUMHU MAapTHEPAMHU.

Dear Colleagues!

Under the authority of the Ministry of Science and
Technology of the People’s Republic of China and the Min-
istry of Education and Science of the Russian Federation,
together with the Federal Research Center of Agricultur-
al Engineering VIM, we successfully held a workshop on
«Intelligent Agricultural Machinery and Advanced Tech-
nologies». We hope that the workshop will lay the foun-
dation for further productive cooperation between QAU,
the FSAC VIM and other Russian and Chinese partners

QAU has established eight key disciplines such as Ag-
riculture, Engineering, Sciences, Economics, Management,
Literature, Arts and Law. The University comprises 25 de-
partments, 81 Bachelor’s degree programs, 27 Master’s de-
gree programs and 2 Doctoral programs. There are over 30
thousand students at the university. Young scientist and
students prove to be the future of scientific and academic
partnership between the People’s Republic of China and
the Russian Federation. We with our Russian partners pur-
sue to foster effective collaboration between the young gen-
erations of China and Russia to ensure a prosperous future.
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Pedepar. [Tokasany, uto arpapHoe npon3BoAcTBO B Poccuiickoit Meneparny AMHAMUYHO Pa3BUBAETCA, IKCIIOPT CEIBbCKOX035H-
CTBEHHOU NPOIYKIMH JOCTUTAET 25 MUIIAAPAOB J0JIapoB. B TO *e BpeMs 3TOT MoKa3aTelb B APYTHX CTPaHAX 3HAYUTETHHO
Ooublne, HapuMmep, B Knutae oH MpeBBICHI 75 MHJUTHAPIOB JOJIAPOB. YCTAHOBHIIM, YTO PEAM30BaTh UMEIOMIUKCS MOTEHITH-
all MOJKHO, €CIIU TOBBICHTH 3(Q(QEKTUBHOCTb arpapHOro MPOU3BOACTBA IIYTEM CO3JaHHS M BHEAPEHUS CPEACTB aBTOMATH3ALINH,
poboTm3armu, THPPOBEIX TEXHOIOTUH, UCKYCCTBEHHOTO HHTEIUICKTa. OTMETUIIN, YTO B PE3yNbTaTe MOKHO MOBBICHTH IPOH3-
BOJUTEIBHOCTh TPyAa B 2,5-3,5 pa3a; yBEIMUUTh YPOXKAHHOCTb KYJBTYp B 2-3 pasa; CHU3UTh SHEPTreTUYECKUE U MaTepHalbHbIe
3atpatsl B 3-4 pasa; 00eCIeYnTh 3KONOTHYECKYI0 0€30MaCHOCTh CEbCKOXO3SHCTBEHHOTO MPOM3BOACTBA M OKPYXAlOMeH cpe-
Iu1. PazpaboTaii KOHIETINIO HHTEIIEKTYaIbHOTO CEILCKOTO X03SMHCTBA, B KOTOPOil BRIICIAIN CIIEAYIOMHe chephl IPHMEHEHHS
U(POBBIX TEXHONOTHIT: KOMIUIEKCHOE YIIpaBIeHHE MPOU3BOACTBOM; [IU(POBbIE TEXHONOTHU B PACTEHHEBOJCTBE, )KHBOTHOBOJ-
CTBE, SHEProo0eCIIeUCHNH, XPAHEHNH 1 TIepepaboTKe TIPOTYKIHI; H(PPOBYIO HHKCHEPHIO CeTbCKHX mocenenni. [Ipencrasumm
9TaIBI Mpolecca MHPPOBHU3AINH CENbCKOX03AACTBEHHOTO TIPOU3BOICTBA, BKIIOYAIOIIHE: CHCTEMY MOHHTOPHHTA YCIOBHA U Ta-
paMeTpoB arpoNpOMBIIIEHHOTO HPOM3BOACTBA; CHCTEMY Nepeiaun HH(OPMAIINK; NCKYCCTBEHHBIH HHTEIUICKT U 00TavHbIC TeX-
HOJIOTHH, Ha 6a3e KOTOPBIX (JOPMHPYIOTCS YIIPABICHYECKIE PEIICHHS; PEATH3aIUI0 YIPaBIEHISCKUX PENICHHH pOOOTH3HPOBaH-
HBIMH TEXHHYECKUMH cpeacTBaMi. OOOCHOBAIIM MPUMEPB! IPUMEHEHHUS LU(PPOBBIX TEXHOIOTHI B TIONEBOJCTBE, CAI0OBOJICTBE,
’KMBOTHOBOJICTBE, CKYCCTBEHHEIX dKocicTeMax. [loATBepanin, 4To B )KHBOTHOBOACTBE 3TH TEXHOJOTHH 00ECTIeYNBAIOT MOHH-
TOPUHT MEePEMEIEHUS KUBOTHBIX, UX (U3HOJIOTUYECKOTO COCTOSHMU, TapaMeTPOB MUKPOKIMMATa B IOMELIECHHAX, KOHTPOJb Ka-
gecTBa KOPMOB U MoJioka. KoHcratnposaim, uto DenepanbHblil HayYHbIH arporHkeHepHbIH eHTp BUM umeeT HeobXomumyro
00pa3oBaTeIbHYI0 HHPPACTPYKTYPY, AKKPEIUTOBAHHEIC MATUCTPATYPy U aCIHPAHTYpPY JUIS TIOATOTOBKH CHEIHATUCTOB IO (-
POBOMY CEJIbCKOMY XO3SCTBY.

KaroueBble c10Ba: mu(poBbIC TEXHONOTMH, aBTOMATH3AIMS, POOOTH3AIMS, MOHITOPHHI, CPEICTBA TepeNadl HH(OPMAIIHIL;
YIPaBICHYECKUE PEIICHUS.

lI[.Jm nutupoBanus: Jloobauesckuii S.I1., lopoxoB A.C. I{udpoBsie TeXHOIOTHY U pOOOTU3UPOBAHHBIC TEXHUUE-

CKHE CPEJICTBA JJIS CENTbCKOro X03sicTBa // Cenvckoxossiicmaeennvie mawunsl u mexnonoeuu. 2021. T. 15. N4. C. 6-10.
DOI 10.22314/2073-7599-2021-15-4-6-10.

Digital technologies and robotic devices in the agriculture

Yakov P. Lobachevskiy, Aleksey S. Dorokhov,
Dr.Sc.(Eng.), professor, Dr.Sc.(Eng.), professor, corresponding member
member of the Russian Academy of Sciences; of the Russian Academy of Sciences, e-mail: vim@yvim.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The agricultural industry in the Russian Federation is dynamically developing; the agricultural export amounts to $25
billion. In other countries, in turn, this figure is much higher, for example, in China it has exceeded $ 75 billion. The existing potential
can be realized if the efficiency of agricultural production is increased by creating and implementing automation, robotization,
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digital technologies, and artificial intelligence. As a result it may lead to a 2.5-3.5-fold increase in labor productivity; a 2-3-fold
increase in the yield of crops; a 3-4-fold cut in energy consumption and material costs, ensuring the ecological safety of agricultural
production and the environment. The authors developed the concept of intelligent agriculture and identified the following areas
of digital technology applications: integrated production management; digital technologies in crop production, animal husbandry,
energy supply, products storage and processing ; digital engineering for rural areas. The authors presented the stages of agricultural
production digitalization, including: a system for monitoring the conditions and parameters of agricultural production; information
transmission system; artificial intelligence and cloud technologies, setting the foundation for management decision-making; the
implementation of management decisions by robotic devices. The authors presented the examples of using digital technologies
in soil cultivation, horticulture, animal husbandry, and artificial ecosystems. In animal husbandry, these technologies prove to
facilitate the monitoring of the animals movement, their physiological state, parameters of the microclimate on the premises,
feed and milk quality control. The Federal Scientific Agroengineering Center VIM is reported to have the necessary educational
infrastructure, accredited Master’s and postgraduate studies for training specialists in digital agriculture.

Keywords: digital technologies, automation, robotization, monitoring, information transmission system, management decisions.

B For citation: Lobachevskiy Ya.P., Dorokhov A.S. Tsifrovye tekhnologii i robotizirovannye tekhnicheskie sredstva
dlya sel’skogo hozyaystva [Digital technologies and robotic devices in the agriculture]. Sel skokhozyaystvennye

mashiny i tekhnologii. 2021. Vol. 15. N4. 6-10 (In Russian). DOI 10.22314/2073-7599-2021-15-4-6-10.

rpapHoe mponu3BoaAcTBO B Poccutickoit @enepa-

UM IMHAMUYHO pa3BuBaercs [1, 2]. Dxcnopt

CEJIbCKOXO03SMCTBEHHON IIPOYKITUH BIIBOE ITPEBbI-
[raet 3KCIOPT BOOPY KEHUH U JOCTUTAET 25 MIIPA JTOII.
B T0 )€ BpeMs B pa3BUTHIX CTpaHaX 3TOT MOKa3aTelb
HamHoro 6osipme: B CIIIA — 160 mupn, Hunepiangax —
100 mapna, I'epmannu — 88 mapn, bpasunuu — 77 mapa,
Kurae — 75 mupa gonn. OrpoMHBINA TOTEHIIMAT HA YBE-
JMUYEHUE MOXKET OBITh Pealu30BaH MPH YCIOBUU PE3KO-
T'0 MOBBIICHUS 3 (HEKTUBHOCTH arpapHOro Mpou3BO/I-
ctBa [3].

[IpumMeHeHne CTPEeMHUTENBHO Pa3BUBAIOIIUXCS LA (]-
POBBIX TEXHOJIOT'HH, CHCTEMbI HHTEPHET BellleH, poOoTH-
3UPOBAaHHBIX KOMIIJIEKCOB, ICKYCCTBEHHOT O MHTEJLJICKTa
TIO3BOJINT MHOTOKPATHO YBENUYUTH 3P PEKTHBHOCTD CEIb-
CKOXO3SIICTBEHHOT'0 TPOM3BOACTBA, & UMEHHO:

- TIOBBICUTH MIPOU3BOAUTENBHOCTD Tpyaa B 2,5-3,5
pasa;

- YBEJIUYUTH yPOXKaHHOCTD KYJIBTYp B 2-3 pasa;

- CHU3HUTH SHEPreTHUCCKHIE U MaTePHAJIBHEIC 3aTpa-
TbI B 3-4 pa3za;

- 00eCIeYnTh KOJOTUUECKY0 0€30I1aCHOCTh CEllb-
CKOXO35IICTBEHHOT' O TPOU3BOACTBA U OKPYKAIOIIEH cpe-
Iel [4].

Pa3pabaTriBast KOHIEIINIO HHTEIIEKTYaJIBHOTO CEIIb-
CKOT'0 XO35CTBA, MBI BBIJEIIAEM ClIeAYIOLIHE CHEPHI TPH-
MEHEHUS TH(PPOBEIX TEXHOIOTHIA:

- KOMILIEKCHOE YIIPABICHHUE CENTbCKOX03HCTBCHHBIM
MIPOU3BOJICTBOM;

- 1A POBBIE TEXHOJIOTHH B PACTEHUEBOICTBE, )KUBOT-
HOBOJICTBE, SHEProo0ecleueHn !, XpaHeHU ! U Tiepepa-
0O0TKe POy KIIHH;

-IIU(POBYIO HHKEHEPUIO CENBCKUX MTOCEIEHUH, KO-
TOpasi MO3BOJIUT O0SCIIEINTH UX SHEPTEeTHUECKYIO aBTO-
HOMHOCTB, KOM(OPTHBIH OBIT CETBCKUX TPYKEHUKOB,
MPUOIU3UTH KAYECTBO )KU3HU K TOPOACKUM CTaHJapTaM

(puc. I).
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TRppoEEe TEXHOIOTHR
B EHBOTHOBOICTHE
Digital technologies
In animal husbandry

YupapTeERe CeTBCROXDIEHCT
BEHHEIM HPONIBGICTROM
Agricultural production

management

JHeproofecnetenne, BOIGH-
BIAEMBIE HCTOYHEKE JHEPram
Energy supply, renewalble
ENErgy SOurces

Xpanenne B nepepaboTea
ZPOIVENHE
Product storage and recycling

Ceabcknil conmym
Rural society

Puc. 1. Cpepor npumenenus yugposvix mexHoaio2uil 8 CeibCKoM
Xosaiicmee
Fig.1. The areas of digital technologies applications in agriculture»

Orans! TU(POBU3AINH CENTECKOXO3STHCTBEHHOTO MPO-
M3BOJICTBA BKITIOYAIOT:

- CUCTEMY MOHHUTOPHUHTA YCIOBUI U TapaMeTPOB ar-
POTIPOMBIIIIICHHOTO TIPOU3BOICTBA;

- cUCcTeMy mepeaavyn HHpOopMaIuy;

- HICKYCCTBCHHBIN HHTEIJUICKT U OOJIaYHBIC TEXHOJIO-
UM, Ha 0a3e KOTOPHIX POPMHUPYIOTCS YIPABICHIESCKIE
peleHus;

- peanu3anuio ynpaBiIeHIECKIX PelIeHU i poOoTH3n-
POBaHHBIMY TEXHUYECKUMHU CPeACTBaMH [5-7].

BHenpenue nmudpoBbIX TEXHOJIOTHHA B PACTCHUEBO/I-
CTBE HAUMHAETCSI C MOHUTOPUHIAa COCTOSIHUS MTOYBHI U
pacTeHuid, QyHKIIMOHATBHOTO COCTOSHUS MOOMIJIBHBIX U
CTAIlMOHAPHBIX TEXHHUECKUX CPEICTB, ITAPaMeTPOB IIPO-
TEKaHHUS TEXHOJIOTMUECKHUX Mmpoleccos. It 3Toro uc-
MOJB3YIOT CHCTEMY CIICIIHATBHBIX TaTIMKOB, HA3eMHBIE
Y BO3AYIIHBIE CPEICTBA MOHUTOPUHTA, IPOTPAaMMHOE U
arnmnaparHoe oOecreueHue.

[epenava nHGOPMAIINH B pEIKUME pEaTHLHOTO BpeMe-
HU ¥ NIPOLIECC CHHXPOHU3AINHI TEXHOJIOTHYECKHUX OTle-
paruii BO3MOXHBI IPH TIOMOIIH OOIaYHBIX TEXHOIOTHI
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U TEXHOJIOTUI UCKYCCTBEHHOTO HHTEILICKTA.

Peanu3zarus ynpaBieH4YEeCKUX PEIICHUN OCYIIECTRIIS-
€TCS HA3€MHBIMH POOOTU3NPOBAHHBIMU KOMILIEKCAMH H
OCCIUIOTHBIMY aBHAIIHOHHBIMH CHCTEMaMH.

B nporecce MOHUTOPUHT HCCIIENYIOT 00BEKTHI OKPY-
JKaIoMIeld TPUPOIBL, B IEPBYIO OYepEab IOYBY H pacTe-
Hust. OnpeenaioT CHCTEMY MOKa3aTeie, TAKUX KakK MI0T-
HOCTb [IOYBBI, €€ BIIa)KHOCTh, KUCIIOTHOCTD, 3IEKTPOIPO-
BOJTHOCTb, I[BET ¥ BBICOTY PacTeHUH U Tak fanee. Kpome
3TOr0 KOHTPOJHUPYIOT IapaMeTphl (HYHKIIMOHUPOBAHHUS
HCTIOTHUTEIBHBIX YCTPOHCTB U TEXHOJIOTHUSCKUX MPO-
LIECCOB.

TToMuUMO pe3yJIbTaTOB TEKYIIEr0 MOHUTOPUHTA JJIs
(hopMHUPOBaHUS YIIPABICHUYCCKUX PEIICHUH HCIIONIB3YIOT
1 OOIIMPHEIC CUCTEMHBIC JaHHBIC, B YaCTHOCTH HHDOP-
MAIIUIO O MMOTOAHBIX U KIIMMAaTUYECKUX PHCKAX.

Ipu nomo1 i MOOMIJIBHBIX M CTAI[HOHAPHBIX AHATHO-
CTUYECKHX arperaToB OCYIIECTBIISIIOT:

- HCCJIE/IOBAHHE U COCTABIICHHE DJICKTPOHHBIX KapT
BapuabeIbHOCTH NapaMeTPOB IIOMOPOAHS U TEXHOJIO-
TUYECKHX CBOWCTB TOYBHI,

- OIICHKY COCTOSIHUS IOCEBOB: TUIOTHOCTH BET€TaTUB-
HOU MacChl, 3aCOPEHHOCTH, TOPaKeHHsI pacTeHUi 6oe3-
HSIMH U BPEUTEISIMU, TOTPEOHOCTH paCTeHHIA B y100pe-
HUSX;

- MOHUTOPHHT COCTOSTHUSI OKPY>Kalole cpeabl

(puc. 2, 3).

Puc. 2. MobunvHbie u cmayuoHaphvle OuazHocmuiecKue azpea-
mbl 015 HA3eMHO20 MOHUMOPUH2A
Fig. 2. Ground monitoring systems

Puc. 3. Bo3oywnwlii MOHUmMOpuHe
Fig.3. Air monitoring

CpencTBa HA3eMHOTO MOHUTOPHHTA BBITIOJIHSIOT CBOH
3a1a4M, HO He 00JIaat0T TOCTATOYHOM MPOU3BOUTEb-
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HOCTBIO U OT'PaHUYCHBI 110 YCIOBHSIM IIPUMEHEHHUSI, TaK
KaK MOTYT ITOBPEXJATh MOCEBHI, YILIOTHATH BIAXHYIO
MOYBY H T.II.

[osTOMY IJIst MCCIIEIOBAHMUSI CEIBXO3YTOIMH, OIpe-
JIEJICHUS XapaKTePUCTHK ITOYBHI M PACTCHHI MEepPCIeK-
THBHO CO3JIaHHE U MPUMEHEHIE TEXHUIECKUX CPEIICTB
BO3/YIIHOI'0 MOHUTOPUHTIA, 0COOCHHO OCCTIUIOTHBIX JIe-
TaTeNbHBIX anmnapatoB (puc. 3).

MOHHUTOPHHT CENEKIIMOHHBIX TOJIEH OCYIIECTBIISICT-
€51 C IOMOIIBIO0 KOMIIJIEKCHOM aBTOHOMHON MHTEJIEKTY-
anpHOH TaTdopmbl. PoOoTH3npoBanHas miatdpopma
MPOBOIUT KOMILIEKC OTIEpaIHii 110 00CTy)KUBaHUIO OeCTn-
JOTHBIX BO3IYIIHEIX CYAOB, 8 TAKXKE OTIIPABIISICT KOMaH-
IIBI 17151 OCYIIECTBJICHHS TEXHOJIOTHYCCKUX OMCPAIIHIA.
o 3aBepiieH MOHHTOPHHTA B 00JIa4HOM TUTaTGopme
MPOBOJUTCSI AHAIIN3 IOy YeHHBIX JaHHBIX, IT0 KOTOPBIM
CO3J1aI0TCA DIICKTPOHHBIC KapTHI M POPMUPYIOTCS KOMaH-
IIBI IO U PEepeHINPOBAHHOMY BHECCHUIO paboUei KuI-
KOCTH Ha MPOOJIEMHBIE JIOKATBHBIC YIACTKHU IIOCPESICTBOM
HA3eMHBIX B BO3IYIIHBIX POOOTH3NPOBAaHHBIX CPEICTB.

PoGoTH3upoBaHHbBIE CPENCTBA HA3EMHOT'O ¥ BO3IYIII-
HOT'O MOHHTOPHHTA ITOJYYalOT U [IEPEAAIOT JAHHEIE B pe-
JKUME peabHOTO BpEMEHU B o0auHyto miatdopmy. Hc-
KyCCTBeHHbIﬁ HHTCJIJICKT HA OCHOBE DTUX JAaHHBIX aBTO-
MaTH3UPYET PeaTH3aIUI0 TEXHOJIOTHIECKHUX ONepanni
POOOTH3UPOBAHHBIMYU CPEAICTBAMHE PA3TUIHOIO Ha3HA-
geHus. [Ipr TOM genoBeK MOKET YIIPaBISITh BCEMH ITPO-
LECCAMH JUCTAHIIUOHHO, KOPPEKTHPYS TEXHOJIOTHH UC-
KYCCTBEHHOTO HHTEIJIeKTa (puc. 4).

HenoanureasHbie
PofOTHIRPIBAHHBIE
TEXHITIECKIE CPRICTEN
Executive robotic devices

CpeacTsa MOHHTOPHETA
Monitoring tools

Ok cepanc anaTnIa, ofpatoTicn
B EEISTH HEOIMAIE
Choud service for information analysis,
processing and ransmission

CHETEME DEPRIIEFR EOMAHT B3 HCMOTER TENBHES
POGOTISIOBINMME TEXHINSCIBE CPEACTEL
tnfl s evatem for
commimds to executive rabotic devices

Puc. 4. @ynkyuonuposarue yu@dposolx mexHoi02ull 6 pacmeHue-
6oocmee
Fig. 4. Digital technologies in crop production

MgI pa3pabaTsiBaeM U BHEAPSAEM HUPPOBBIE TEXHO-
JIOT'UH IIPU BbIpallluBaHUUN 0BOIII€I7[ B UCKYCCTBEHHBLIX 5KO-
cucreMax. Mozaenupyercss 1 KOHTPOIUPYeTCs CHCTEMa
HapaMeTpoB, aKTUBU3UPYIOIIAs pa3BUTHE PACTEHUH: TeM-
HepaTypa ¥ BIaAKHOCTH BO3AYyXa, CIIEKTP M HHTEHCHB-
HOCTb CBETOBOI'0 IOTOKA, 110/1a4a BJIArd U MUTATENbHbIX
BEILECTB K KOPHAM PacTEeHHH, oj1aua YIIIEKUCIIOTOo ra3a
HAa JIMCThA pacTeHuii [8].

B ®HAII BIIM pa3paboTana po6oTH3NpOBaHHAS
rratdopMa s HHANBUAYATBHON OIad ITUTATEeIbHO-
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T'0 pacTBOpa K KOPHIM pacTeHUH.

[Iporneccrl n13MepeHust 3SHAYSHU OCBEIIEHHOCTH, MU-
HEpaJIN3aIiy, BIAKHOCTH, TEMIEPATy Pbl aBTOMATH3H-
pOBaHbl. ANTOPUTMBI U3MEHEHUS TAPaMETPOB CPEbl U
MUTaHUSA 0a3uPYIOTCS Ha yIaBIMBAHUY PEaKIUH pacTe-
Huil. [To N3MEHEHHIO 1IBETA JTUCTHEB, MX GOPMBI, AHUHA-
MHKE pocTa UG poBasi CUCTEMa BBOJUT KOPPEKTUBHI B
mapaMeTpbl MUKPOKJIMMATA U IUTAaHUS PACTEHHIH.

BecnmnoTHble neTaTeapHbIC allapaThl U pOOOTH3U-
POBaHHBIEC MAIIWHBI AKTHBHO BHEIPSIIOTCS B TEXHOJIOTHH
BO3/IEJIbIBAaHUSI MHOTOJIETHUX CaJIOBBIX HACAXKICHUM.
I{u¢ppoBoit MOHUTOPHHT MTO3BOJISET ONIEPATHBHO OLICHUTH
CaHUTAPHOE COCTOSHUE TUIONOBEIX KYIBTYP, TONYIUTh
HH(pOpMAIINIO 0 3a00JI€BAEMOCTH KPOHBI ACPEBHEB U B
OHJIAWH-PEKUME OIEHUTH yporkaHOCTh. [lomyuenHas
uHpopManus nepegaeTcs B 6a3y JaHHBIX 1715 COCTaBJIe-
HUsI TAGPOBBIX KapT 3a00JI€BAEMOCTH H YPOXKAHOCTH.

Pa3paboTaHbl anTOPUTMBI PaclioO3HABAHUS CTECIICHU
3a00JI€BaHUS KPOHBI U JTUCTOBOW MOBEPXHOCTHU TIIOJ0-
BBIX JICPEBLEB.

TexHONOrusi MOHUTOPHHTA YPOXKAHHOCTH ITO3BOJISIET
B OHJIAHH-PEKHMME MOJICITHPOBATH KOJINYECTBEHHOE pac-
MpeseieHNe MIOI0B B psiiaX HaCaKIEHUH U COCTaBIATh
nu(POBYIO KapTy ypPOKANHOCTH.

JIJ1s1 TEXHOJIOTHYECKOW Olepauy yOOpPKH ypoxKas
SATOJHBIX KYJIBTYp pa3paboTana poOOTH3MPOBaHHAS I1AT-
(hopMa ¢ MHTEIIEKTYalIbHOW CHCTEMOW pacIlio3HaBaHHsI
CTEICHHU CIIEJIOCTH SITOJl U C aBTOMAaTUUYECKUM yCTPOM-
CTBOM 151 MX cheMa. Ilmardopma ocHameHa aganTus-
HOH XOI0BOH CUCTEMOM, MOJyJIEM MallIMHHOTO 3PEHUS U
cUcTeMOl H(POBOTO MO3UIIHOHUPOBAHHSI.

[{nudpoBbIie TEXHOIOTHUH B )KUBOTHOBOJICTBE 00ECIICUH-
BalOT MOHUTOPUHT IEPEMEIICHHS KUBOTHBIX, UX (H3HO-
JIOTHYECKOTO COCTOSHUS, ITapaMeTPOB MUKPOKJIMMATA B
MOMELIEHUAX, KOHTPOJIb Ka4eCTBa KOPMOB U MOJIOKa (puc. 5).

PesynbraThl MOHUTOPUHTA TIEPEAAOTCS Ha COOTBET-
CTBYIOIIUE CHCTEMBI cOOpa  00pabOTKH HHPOPMAITUH C
HCIIOJIb30BaHHEM TEXHOJIOIMI MHTEpHETa Bellel U 1c-

SINO-RUSSIAN SYMPOSIUM

e

Crerema Tiepelaus BEgopMaLER
Information fransmission system

Henoanureasusie
pofoTHIHPOEAHHEIE
TEXHHTECKHE CPRICTRS
Executive robotic

Cpeactea
MOHHETOPHETA
Monitoring tools

CHETEME DepenmmN ROMINZ ML NCIDEENTEEHME
POGOTHSMOBKERHIR. TEXHIECID cpem:m

Distributed i and it

otz ta executhve rabotia tectmical mems

Puc. 5. @ynxyuonuposanue yugposuix mexnono2uii 8 HUeomMHo-
6oocmee
Fig. 5. Digital technologies in animal husbandry

KYCCTBEHHOT'O HHTEIJIJICKTA AJIs1 (POPMUPOBAHUS COBOKYTI-
HOCTH yIIPaBJIEHYECKUX PELICHUH, IepeaBaeMbIX Ha PO-
0OTH3UPOBaHHBIE KOMITJIEKCHI.

Pa3paboTansl MOJyIbHBIE POOOTH3UPOBAHHEIC ILJIAT-
(hopMBbI 41151 CO3IaHUA ONTUMAJIBHOIO MUKPOKJIMMATa
BHYTPHU KMBOTHOBOAUECKUX IOMEIIEHUH, 103UPOBAHHON
pazaadu KOPMOBBIX cMecei, T epeHITPOBAHHOTO 10~
enus [9]. [Ipu sTom obecnieunBatoTcsa d3pPEKTHBHOE HC-
10JIb30BaHUE F€HETUYECKOI 0 IOTEHLMaJIa )KUBOTHBIX U
WX MPOJYKTHBHOE JIOJITOJIETHE.

BbiBoabl. ®enepanphsiii ienTp BUM ob6namaet kom-
MeTEeHIUAMH, MOLITHON TEXHUYECKOH 6a30ii 1 TOTOB K CO-
TPYAHUYECTBY B peajiu3alluy IUJIOTHBIX IIPOEKTOB 110
U(PPOBBIM TEXHOJIOTUSIM B:

- TIOJIEBOJICTBE;

- CaJI0OBOZICTBE;

- JXUBOTHOBOJICTBE;

- XpaHCHHH U TIepepadoTKe MPOIYKIINH.

BHM umeet HeoOxoaquMy1o 06pa30oBaTEIbHYIO HH-
(bpacTpyKTypy, aKKpEIUTOBAHHBIE MATUCTPATYPY U aCITH-
PaHTYPY IJISI MOATOTOBKH CIEIIAAICTOB IT0 HH(POBOMY
CEJIBCKOMY XO3SIHCTBY.

BUBNNOTrPAGUYECKUIA CMUCOK

1. JJauyra F0.®., Usmaiinos A.1O., Jlo6auerckwuii S.I1., Illore-
HoB 10.X. Pa3BuTHE HHTEHCHBHBIX MAITMHHBIX TEXHOIOTHH,
POoOOTH3MPOBAHHON TEXHUKH, d3QPEKTHBHOTO FHEProodece-
YeHHS ¥ HUPPOBBIX CHCTEM B arPOIMPOMBINLICHHOM KOMILICK-
ce // Texnuxa u obopyoosanue 01 cena. 2019. N6(264). C. 2-9.

2. Jlauyra F0.®., U3maiinos A 1O., JlJobauesckuii A.I1., Illore-
HoB 10.X. HayuHo-TeXHHYECKHE TOCTHKEHHS arpOHHKEHEP-
HBIX HAyYHBIX YUPEKICHHH I IPOM3BOACTBA OCHOBHBIX TPYIIIT
CeJbCKOX03SMCTBEHHOM ponyKimu // Texnuxa u obopydosa-
Hue ona cena. 2021. N4(286). C. 2-11.

3. Godzhaev Z., Lobachevsky Y.P., Alekseev 1., Prilukov A.,
Godzhaev T.Z. Control systems for unmanned combine harvest-
er. E3S Web of Conferences. Key Trends in Transportation In-
novation. 2020. 157(2). 01018.

4. Starovoitov S., Akhalaya B., Tsench Y., Kvas S., Zolotarev A.

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

Automated control complexes of the tillage units operation. £3S
Web of Conferences. 2020. 175(12). 05020.

5. Jlo6auerckuit S.I1., CrapooiitoB C.1., Axanas b.X.,
Henu 0.C. Hudpossie TexHonoruu B nouBoodpadotxe / Hn-
Hosayuu 6 cenvckom xosaticmse. 2019. N1(30). C. 191-197.

6. Jlobauesckuii S.I1., berinuc B.M., llenu FO.C. AcnekTsi
HU(POBU3ANNH CHCTEMBI TEXHOIOIHH U MamuH // Jnexmpo-
mexHono2uu u 3nekmpoobopyoosarue ¢ AIIK. 2019. N3(36).
C.40-45.

7. Dorokhov A.S., Sibirev AV., Aksenov A.G. Dynamic sys-
tems modeling using artificial neural networks for agricultural
machines. INMATEH — Agricultural Engineering. 2019. 58(2).
63-74.

8. Dorokhov A., Kirsanov V., Pavkin D., Shilin D., Shestov D.,
Ruzin S. Calculation of the Manipulator’s Kinematic Model and

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 15 N4 + 2021



- MW KUTAJICKO-
N 4

Mounting Points of the Drive Equipment. Advances in Intelli-
gent Systems and Computing. 2020. 1072. 339-348.
9. Dorokhov A., Kirsanov V., Pavkin D., Yurochka S., Vladi-

POCCUINCKUA CUMMNO3NYM

SINO-RUSSIAN SYMPOSIUM

mirov F. Recognition of Cow Teats Using the 3D-ToF Camera
When Milking in the «Herringbone» Milking Patlor. Advances
in Intelligent Systems and Computing. 2020. 1072. 128-137.

REFERENCES

1. Lachuga Yu.F., Izmaylov A.Yu., Lobachevskiy Ya.P., Sho-
genov Yu.Kh. Razvitie intensivnykh mashinnykh tekhnologiy,
robotizirovannoy tekhniki, effektivnogo energoobespecheniya
i tsifrovykh sistem v agropromyshlennom komplekse [Devel-
opment of intensive machine technologies, robotic technology,
efficient energy supply and digital systems in the agribusiness].
Tekhnika i oborudovanie dlya sela. 2019. N6(264). 2-9 (In Rus-
sian).

2. Lachuga Yu.F., [zmaylov A.Yu., Lobachevskiy Ya.P., Sho-
genov Yu.Kh. Nauchno-tekhnicheskie dostizheniya agroinzhe-
nernykh nauchnykh uchrezhdeniy dlya proizvodstva osnovnykh
grupp sel’skokhozyaystvennoy produktsii [Scientific and tech-
nical results of agro-engineering scientific institutions for the
production of main groups of agricultural products]. Tekhnika i
oborudovanie dlya sela. 2021. N4(286). 2-11 (In Russian).

3. Godzhaev Z., Lobachevsky Y.P., Alekseev 1., Prilukov A.,
Godzhaev T.Z. Control systems for unmanned combine harvest-
er. E3S Web of Conferences. Key Trends in Transportation In-
novation. 2020. 157(2). 01018 (In English).

4, Starovoitov S., Akhalaya B., Tsench Y., Kvas S., Zolotarev A.
Automated control complexes of the tillage units operation. £3S
Web of Conferences. 2020. 175(12). 05020 (In English).

Kon¢paukr nuTepecos.
ABTOpBHI 3aBIIAIOT 00 OTCYTCTBHH KOH(IUKTa HHTEPECOB.

3asiBIeHHBIH BKJIA] COABTOPOB:

Jlob6auepckuit A.I1. — GopmupoBaHue HATIPABICHUH HCCIENO-
BaHH, pa3paboTKa TEOPETHIECKHUX IPEITIOCHLIOK, padoTa
C TeKCTOM, (hopMUpOBaHHUE OOIIMX BBIBOOB;

JHopoxoB A.C. — (dopMupoBaHHE KOHIICIIIUH; TUTEPATYPHBIH
aHanu3, 00paboTka MaTepuana, paboTa ¢ UILTFOCTPANUIMA
1 TEKCTOM.

Asmopel npouumanu u 0000puIU OKOHYAMENbHYIL BAPUAHI
DPYKORucu.

CTaThsl IOCTYNWJIA B peAaKIUIO
CraTbs NPUHATA K NY0JIMKATNH

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 + N 2021

The paper was submitted to the Editorial Office on
The paper was accepted for publication on

5. Lobachevskiy Ya.P., Starovoytov S.I., Akhalaya B.Kh.,
Tsench Yu.S. Tsifrovye tekhnologii v pochvoobrabotke [Digi-
tal technologies in pochvoobrabotke]. Innovatsii v sel skom
khozyaystve. 2019. N1(30). 191-197 (In Russian).

6. Lobachevskiy Ya.P., Beylis V.M., Tsench Yu.S. Aspekty tsif-
rovizatsii sistemy tekhnologiy i mashin [Digitization aspects of
the system of technologies and machines]. Elektrotekhnologii i
elektrooborudovanie v APK. 2019. N3(36). 40-45 (In Russian).

7. Dorokhov A.S., Sibirev A.V., Aksenov A.G. Dynamic sys-
tems modeling using artificial neural networks for agricultural
machines. INMATEH — Agricultural Engineering. 2019. 58(2).
63-74 (In English).

8. Dorokhov A., Kirsanov V., Pavkin D., Shilin D., Shestov D.,
Ruzin S. Calculation of the Manipulator’s Kinematic Model and
Mounting Points of the Drive Equipment. Advances in Intelli-
gent Systems and Computing. 2020. 1072. 339-348 (In English).

9. Dorokhov A., Kirsanov V., Pavkin D., Yurochka S., Vladi-
mirov F. Recognition of Cow Teats Using the 3D-ToF Camera
When Milking in the «Herringbone» Milking Parlor. Advances
in Intelligent Systems and Computing. 2020. 1072. 128-137 (In
English).

Conflict of interest.
The authors declare no conflict of interest.

Coauthors’ contribution:

Lobachevskiy Ya.P. - formation of research directions, development
of theoretical prerequisites, work with the text, formation of
general conclusions;

Dorokhov A.S. — concept formation, literary analysis, material
processing, work with illustrations and text.

The authors read and approved the final manuscript.

01.11.2021
10.11.2021

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 15 « N4 + 2021



KUTANUCKO-POCCUIACKIIA CUMNO3UYM SINO-RUSSIAN SYMPOSIUM

YAK 378.004.12 ()52 DOl 10.22314/2073-7599-2021-15-4-11-13

Cuctema HenpepbIBHOro o6pa3soBaHusA
B ®eaepanbHOM Hay4YHOM arpouH)XeHepHoMm LeHTpe BUM

FOunsa Cepreesna Llenu,
KaHJU/AT earornYecKuX HayK, BeMyIui Hay YHbIH COTPY/IHHK,
e-mail: vimasp@mail.ru

®enepallbHBIN HAyYHBIN arpouHkeHepHbIil neHTp BUM MockBsa, Poccuiickas @enepamus

Pedepar. C 1930 mo 1991 rox B Hameif cTpade OblTa co3naHa u B TedeHHe 90-JIETHETO Teprofia COBEPIICHCTBOBAIACH H A(-
(eKTUBHO nelcTBOBANA CTPOMHASA CHCTEMA arpOMHKEHEPHBIX BHICIINX YUeOHBIX 3aBE[CHUIl U (aKyJIbTeTOB MEXaHH3ALMUH, KO-
TOpBIE YCIEIIHO PENIMI Npo0IeMy IOATOTOBKM MEDKEHEPHBIX KaJpoB JUIS Pa3BUBAIOLIETOCS MEXaHH3HPOBAHHOTO CEITBCKOTO
xo3siictBa. C pacnagoM CCCP npou3omy CyImecTBEHHbIE U3MEHEHHS B CUCTEME arpOHHXEHEPHOr0 00pa30BaHus CTpaHsl. B
pe3y/bTaTe MHOTOUHCICHHBIX PEOpraHu3alui 1 pedopM B cucTeMe BhIcIIero 00pa3oBanus Poccun arponHKEHEpHBIE By3bI TIpe-
KpaTHIIH CaMOCTOATENBHOE CYIECTBOBAHHE, IIPHCOEIUHUBIINCE K arpapHbIM yHUBEepcuTeTaM. CIIMsHUE Hay4YHO-HCCIIEI0BATENb-
CKUX MHCTUTYTOB, 00pa3oBaHHe Ha X 0a3e KPYHHBIX (eepanbHbIX HAYYHBIX LEHTPOB JENA0T LENecoo0pasHoi peatn3aluo
HETIPePBIBHON CHCTEMBI IPO(ECCHOHANBHOTO 00pa30BaHNs (MarkuCTpaTypbl, aCIHPaHTyphl, TOKTOpaHTyphl). B denepansrom Ha-
YYHOM arporHxeHepHoM LeHTpe BUM st oAroTOBKY COBPEMEHHBIX arpOMHKEHEPHbIX KapoB B 00JIACTH aBTOMATU3ALHH, PO-
Ootn3armu, UPOBEIX TEXHOIOTHH Pa3BUBACTCS HETPEPHIBHAS CHCTEMA BBICILIETO arpOHHKEHEpHOT0 00pa3oBanus. Peammzarmis
BBICLIET0 00pa30BaHUs — [0 00Pa30BATENBHBIM IIPOrpaMMaM MarucTpaTyphbl — cTala HOBOM 3anaueil DenepaqbHOT0 HayqHOrO
arponHxeHepHoro nentpa BUM.

KoroueBble ci10Ba: crcteMa arponHKEHEPHBIX BBICIINX YUEOHBIX 3aBEEHHI, arpOHHKeHepHOe 00pa3oBaHie, CHCTeMa Helpe-
PBIBHOTO BBICIIETO arpOUHKEHEPHOTO 00pa30BaHus, 00pa30BaTeIbHbIE IPOrPAMMbl MATHCTPATYPHI, 00Pa30BaTENbHBIE MIPOrPaM-
MBI aCIIUPAHTYPHL.

DI uutupoBanus: lleny 10.C. Cucrema HenpepbiBHOTO 00pa3oBanus B DeepabHOM HAyYHOM arpoOUHKEHep-
HOoM nientpe BUM // Cenvcroxossticmeennvie mawunst u mexnonoeuu. 2021. T. 15. N4. 11-13. DOI 10.22314/2073-
7599-2021-15-4-11-13.

The System of Continuing Education at the Federal Scientific
Agroengineering Center VIM

Yulia S. Tsench,
Ph.D.(Ed.), leading researcher,
e-mail: vimasp@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. From 1930 to 1991 our country built a well-structured system of agroengineering higher education institutions and
faculties of mechanization that, for 90 years, effectively developed and operated solving the problem of training engineering
personnel for the evolving mechanized agriculture. The collapse of the USSR caused dramatic changes in the country system of
agricultural engineering education. As a result of numerous reorganizations and reforms in the Russian system of higher education,
agroengineering universities ceased to exist independently and had to join agricultural universities. The mergers and integration
of research institutions and the establishment of large federal research centers on their basis have made it expedient to implement
a continuing professional education system (master’s, postgraduate, doctoral studies). The Federal Scientific Agroengineering
Center VIM is developing the system of continuing professional education for training modern agricultural engineering personnel
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in the field of automation, robotization, digital technologies. A current target of the Federal Scientific Agroengineering Center VIM

is the implementation of Master’s degree programs.
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HayaJsie 30-X roJoB npouuioro Bexa B Poccuu ObI-

Jla OpraHU30BaHa MoJr0TOBKAa OCTPO HEOOXOIU-

MBIX CTpaHe HHXEHEPHBIX KaIpOB I HOBOTO Me-
XaHU3UPOBAHHOT'O CEJIbCKOT0 X03sKcTBa [1].

K 1965 r. 3aBepmieHo co3manre CTPOMHON CUCTEMBI
MOATOTOBKY WH)KEHEPOB 151 MEXaHU3HPOBAHHOTO CEJIb-
CKOT'0 X034HcTBa, KOTOpas BKiIodaua 10 HHCTUTYTOB U
47 daxynbTeTOB MEXaHU3ALUH U JNEKTPU(YUKAIINHI B CEITb-
CKOXO3SMCTBEHHBIX U MOJUTEXHUYECKUX By3ax. ATpo-
WH)KEHEPHBIE BY3HI B IIPOIIECCE CBOCTO PA3BUTHUS IPEBpa-
THJIMCH B MOIIIHBIE HAYYHO-00pa30BaTENbHBIC H KYJIBTY P-
HbIE HEeHTPHI [1].

B crpane Oblna coznana u B reueHue 90-netTHero mne-
pHO/ia COBEPIIEHCTBOBATIACH M A(PPEKTHUBHO JeHCTBOBA-
JIa CTPOITHASI CHCTeMa ar pOMHKEHEPHBIX BBICIIUX yUue0-
HBIX 3aBeJIeHIH U (paKyIbTETOB MEXaHU3AIIUU, KOTOPhIE
YCIIEIIHO PEIIIIN MTPOOIIEMY TTOATOTOBKH HHKCHEPHBIX
KaJpOB IS Pa3BHBAIOIIETOCS MEXaHU3UPOBAHHOTO CEJIb-
cKoro xoastiictsa [1].

C 1991 1. c pacmtagom CCCP nmpownzomniiy cyniecTBeH-
HbIE U3MEHEHUS B CHCTEME aIPOMHKEHEPHOTO 00pa3oBa-
HUA cTpaHsl. [lepecTana cymecTBOBaTh eUHAs COBET-
CKasl CHCTeMa BY30B: YaCTh HHCTUTYTOB OKa3aJiach B
Oy KHEM 3apy0ekbe, B Pe3yJIbTaTe MHOTOYHCICHHBIX
peopranuzanuii u pehopM B CHCTEME BBICIIETO 00pa30-
BaHMs Poccuy arponHxeHEpHBIE BY3bl IPEKPATUIIN CBOE
CaMOCTOSATEIFHOE CYIIeCTBOBAHUE, TPUCOCTNHUBIINCEH
K arpapHbIM YHUBEPCUTETaM, TJI€ IOATOTOBKA HH)KEHEP-
HBIX KaJpOB HE MOIJIa OCTaThCs MpuopuTeTHOW. Hame-
THUJIOCH IPOTUBOPEYHUE MEKTY HEOOXOAMMOCTbIO ITOATO0-
TOBKH COBPEMEHHBIX CIICIIHAIMCTOB JUISI TEXHUUESCKOU 1
HAYYHOH JIESATEIEHOCTH ¥ CHUKEHUEM Y POBHS IIPHOPH-
TETHOCTH MOATOTOBKHU M KOJIMYECTBA BHIITyCKa HH)KEHE-
poB.

TeHneHuMel mocieHero BpeMeH OTMEUEHO CIIHS-
HUE HAyYHO-HCCIIEA0BATEIBCKUX HHCTUTYTOB, 00pa3o-
BaHUE Ha HX 0a3e KPYIMHBIX (eepaTbHbIX HAyIHBIX IeH-
TPOB. YKpEIUICHUE KaJPOBOTO U HHTEIUIEKTYaIbHOTO 110~
TEHIIMaJa IEHTPOB, HAIMYHE B HUX Pa3HOIIAHOBEIX yUe-
HBIX U CIIIIMAHCTOB, a TAKKE COBPEMEHHAsI HCCIIeI0Ba-
TeJIBCKAas ¥ TPON3BOJICTBEHHASI HHYPACTPYKTYpa co3/a-
0T QyHIIaMEHT U IeJal0T LeJIeCO00pa3HON peatn3anio
HETIPEPHIBHOI CHCTEMBI TPO(ECcCHOHATBHOT0 00pa3oBa-
HUs (MAaTUCTPATYPBI, ACTUPAHTYPBI, TOKTOPAHTYPHI) [2, 3].

C2016T. B PeaepalbHOM HAYUHOM ar pOUHKEHEPHOM
neHTpe BUM pasBuBaeTcs HemmpepbIBHAS cHcTeMa o0pa-
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30BaHUS 1115 HOATOTOBKU COBPEMEHHBIX CHELIMAIUCTOB
B 00J1aCTH aBTOMAaTH3aIMH, pOOOTH3ANH, IU(PPOBBIX
TEXHOJOTUHN (PUCYHOK).

MarucTparypa
Master’s degree
programs
JokTopanTtypa . AciupaHTypa
Doctorate ' Postgraduate
programs ~ degree
programs

Puc. Cucmema nenpepuignozo obpasosanus ¢ ®HAL] BUM
Fig. Continuing education system at Federal Scientific Agroengi-
neering Center VIM

Peanuzanus Beicuiero oopa3oBaHus — no oopa3ona-
TEJIbHBIM IIPOI'PAMMaM MarucTpaTypbl — CTajla HOBOMH 3a-
nageit ®HAILL BUM. Takas 3ama4a nepea HEHTPOM CTa-
BUTCA BIEpBbIe. BaKHO OTMETHUTH, YTO MO CPABHEHHIO C
BY30M IOJIIOTOBKA MarucTpoB OyJeT Oojiee aanTupo-
BaHHOM K MCCIIEJIOBATEIbCKOM NeATENBHOCTH, Mpo0Iie-
MaM OTpaciiy, HalleJIEHHOM Ha BBIIIOJHEHUE 3aa4 IPo-
W3BOJCTBA IIpH 0oJiee MPAKTUYECKOM HATPABIEHHOCTH.
OO0yyaromuecs B MAarucTpaType NeHTpa y4acTBYIOT B pe-
aJM3aliy KOHKPETHBIX POEKTOB, pad0TAIOT B paMKax
COBPEMEHHBIX UCCIE0BATENIbCKUX M TPOU3BOJICTBEHHBIX
[IporpamM, Ocje 3aBEPIIEHUs NOATOTOBKH OPraHUYHO
BIIMBAIOTCS B KOJUIEKTHB HCCIIEIOBATEIBCKOTO YUPEKIe-
Hus [2, 3].

@enepanbHBIN HAYYHBIA arpOMHKEHEPHBIN LIEHTP
BUM ocymecTBaseT 00pa3oBaTeIbHyI0 AeITEILHOCTh
0 IporpamMmam:

mazucmpamypol.

® 35.04.06 ArponHxeHepus;

® 13.04.02 DnexTpo3HEPreTUKa U ANEKTPOTEXHHUKA;

acnupanmypol.

¢ 13.06.01 DiexTpo- 1 TEMIOTEXHUKA;

® 35.06.04 TexHosoruu, cpeACTBa MEXaHNU3AIUH U
SHEPreTHYECKOe 000pyIOBaHUE B CEITBCKOM, JIECHOM U
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o0nacTu 00pa3oBaHus, HAYKU M TEXHOJOTUH, pa3BUTHS
MEXTYHAPOIHON MOOUIBHOCTHU CTYACHTOB M aCITUPaH-
TOB C 1I€JIbIO MOJrOTOBKH KBaTH(DUIIMPOBAHHBIX HAYY-
HBIX KaapoB st Poccun u Kurast.
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Opportunities and Challenges for Field Experiment Equipment
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Abstract. Modern seed industry development could contribute up to 40 percent to increase agricultural production and
efficiency. Mechanization of field experiments is an important means to improve the efficiency and precision of field breeding
experiments. There is a big gap in the mechanization level and development of field experiments in different countries of
the world. The International Association on Mechanization of Field Experiments established in 1964 has played a great role
in promoting the development of field experiment mechanization in the world. At present, the advanced field experiment
equipment is mainly concentrated in international manufacturers such as Wintersteiger in Austria, Almaco in the United States,
Haldrup and Ziirn in Germany. As a great agricultural country, China’s demand for rice and maize seeds, the major food crops
in the last 10 years, is about 250 million kilograms and 1.15 billion kilograms, respectively. A large amount of demand for seeds
prompted China’s field experiment mechanization that has made great progress. The research team of Qingdao Agricultural
University has developed 16 types of new plot planters and plot harvesters which have been popularized and applied in China.
But different crops, planting patterns and regional characteristics put forward higher requirements for adaptability of field
experiment equipment. The precision of the seeder, the cleaning performance of the seeding and harvesting equipment and the
intelligent technology of the equipment need to be further improved. In future development, more attention should be paid to
the integration of modern information technology and intelligent technology into field test equipment, to improve operational
efficiency and accuracy.

Keywords: field test equipment, mechanization of field experiments, intelligent technology, operation efficiency and accuracy.
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Konnenx MamimHOCTpOeHUS U 2NeKTpoTexHUuKH, L{lnnaaockuit Cenbckoxo3sicTBEHHBIN yHUBepcuTeT, Llnnaao, Ku-
taiickas HapogHas PecriyOnuka

Pedepar. PazButie coBpeMeHHOH CEMEHOBOTUECKOH OTPACTM MOXET CIOCOOCTBOBATH YBEIMUCHHIO CENbCKOXO3SHCTBEHHOTO
TPOM3BOACTBA U MOBBIIICHAIO Y ekTiBHOCTH 10 40 MpOoIeHTOB. MeXaHH3amsl MOJIeBBIX JKCIIEPHMEHTOB CTalla BAXKHBIM Cpel-
CTBOM YJTy4IIEHNs IPOU3BOAUTENBHOCTH U TOUHOCTH PE3YJbTaToOB B cenekiui. CyIecTByeT 00MbIIoi pa3psiB B yPOBHE MEXaHHU-
3aIUM U Pa3BHUTHS MONEBBIX SKCIIEPHMEHTOB B PA3HBIX CTpaHax Mupa. MexIyHapoaHas ACCOIHAIS TI0 MEXaHH3AIINH TIOJIEBBIX
9KCIIEPUMEHTOB, CO3aHHas B 1964 romy, ceirpana OONBLIYIO poib B COAEHCTBHY PA3BUTUIO MEXaHU3ALUY MOJEBBIX IKCIIEPHMEH-
TOB B MHpe. B HacTosmIee BpeMs epenoBoe 060pyI0BaHIE s HOJNEBBIX IKCIEPHMEHTOB B OCHOBHOM COCPEIOTOUCHO Y MEXKY-
HapOIHBIX IPOM3BONUTENEH, TAKUX Kak Wintersteiger B ABctpun, Almaco 8 CILA, Haldrup n Ziirn B Tepmanmu. B Kurtae xopomo
Pa3BUTO arpapHoe Npou3BoACTBO. CIpoc Ha OCHOBHBIE MPOIOBOJIBLCTBEHHBIE KYIBTYPBI B CTpaHe 3a nocnennue 10 net cocrapmus-
€T: Ha CEMEHa prca 0komo 250 MUIITMOHOB KAJIOTPAMMOB M Ha CeMeHa KyKypy3slI 1,15 munnnapaa kunorpammoB. bonbiioii cripoc
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"

Ha CeMeHa CIOCOOCTBOBA 3HAYMTENLHOMY TPOrpeccy B MEXaHIM3aIMK TTONEBEIX dKcTepuMeHToB B Kutae. Mccnenoarenbckas
rpymma Cenbckoxo3siicTBeHHOTo yHUBepeuteTa L{Hnao paspadorana 16 THIIOB HOBBIX CESIOK M KOMOAIHOB, KOTOpBIE IIHPOKO
npumMensitotcs B Kurae. Ho Gonbinoe pasHooOpasue KylbTyp, CXeM MOCAJIKH, a TAKKe PErHOHAIbHBIE 0COOCHHOCTH 00YCIIOBIH-
BaIOT Ooiee BHICOKHE TPeOOBAHMS K aIalTAllMK TI0JIEBOTO SKCIIEpUMEHTaIbHOT0 00opynosanus. HeoOxonumo u anbiie paborath
HaJl yIyqIIcHIeM TOYHOCTH 1I0CEBa, MOBBIICHIEM 3()()EKTHBHOCTH OYUCTKH IIOCEBHOTO M YOOPOUHOrO 000PYHOBAHMS, a TAKKE
Pa3BUTHEM MHTEIUICKTYANbHBIX TEXHOMOTHH. [l TOBBIIICHHS ((PEKTUBHOCTH W TOYHOCTU PadOTHI CIEAYeT YACIATh OONbIIe
BHAMAHUA UHTErpallii COBPEMEHHBIX I/IH(l)OpMaHI/IOHHI)IX U AHTCJUICKTYAJIbHBIX TEXHOJIOTUI npu CO34aHnuun o60py110BaH1/1$1 JJIs
TIONEBBIX UCTIBITAHUN.

KotroueBsle c10Ba: 1osieBoe HCIIBITaTEIbHOE 000PYI0BAHHE, MEXaHU3ALMS MOJIEBBIX SKCIIEPUMEHTOB, HHTEIUIEKTYaJIbHBIE TEXHO-
JIOTUH, 3P(HEKTUBHOCTH ¥ TOYHOCTH PabOTHI.

lI[Jm nutupoBanus: [llan I11., Ban 1. Bo3aMoxxHOCTH 1 TPOOJIEMBI SKCTIEPUMEHTAIBHOTO MOJIECBOTO 000PY/10Ba-
Hust // Cenvckoxossaiicmeennvle mawunsl u mexnonocuu. 2021. T. 15. N4. 14-18 (In English). DOI 10.22314/2073-7599-

2021-15-4-14-18.

industry, a basic core industry, and the source of

national food security. The development of the
modern seed industry is an internal factor to ensure an
increase in grain production, and the contribution rate to
agricultural production and efficiency has reached 40%
[1]. Before the new seed varieties are put into the market
and planted in large areas, complex plot breeding field
experiments are needed, covering many aspects such as
cultivation and harvest, field plant protection and seed
treatment.

The application of field experiment mechanization can
effectively improve the efficiency and precision of field
experiments, and shorten the plant breeding cycle. The
research of field experiment machinery began in the 1930s.
In 1935, the world’s first batch single row grain plot seed-
er was invented by Canadian breeding scientist H.J. Kemp
[2, 3]. In 1940, the Canadian Craftsmen Machinery Com-
pany began to produce an aluminium cone batch short row
plot metering device. In 1949, professor Grafius of South
Dakota State University developed the first weighing four-
row plot seeder. The milestone of field experiment mech-
anization development is a series of Oyjord plot seeders
invented and put into production by Norwegian scientist
professor Egil Ojord from 1958 to 1971, and the establish-
ment of the International Association on Mechanization
of Field Experiments organized by him in 1964 [4, 5]. Oy-
jord plot seeders are widely used in Europe, Asia, Africa,
America and many other countries [6].

The development of mechanization of field breeding
in China began in the 1980s. In particular, with the help
of Professor Egil Oyjord, the first Oyjord plot seeder was
manufactured in China in 1994. After that, many kinds
of plot seeding equipment were developed and controlled
by local test stations in China, but the operation standards
and performance of domestic planting machinery were
uneven. In the past decade, the R&D team of Qingdao Ag-
ricultural University, relying on the platform advantages
of the International Association on Mechanization of Field
Experiments (IAMFE), has made remarkable achieve-

The seed industry of a country is a national strategic
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ments in the field of breeding instrument research and de-
velopment field after years of research and accumula-
tion[7].

International opportunities for field experimental
equipment

The IAMFE has 11 national branches around the world
and has established contacts with more than 130 coun-
tries. The main goal of the organization is to help agron-
omists and breeders from all over the world to understand
the new field breeding machinery and related technolo-
gies and improve the efficiency and accuracy of field tri-
als [8]. Up to now, IAMFE has hosted 15 sessions of in-
ternational conferences and equipment exhibitions on
mechanization of Field Experiments and 7 regional con-
ferences. It plays an important role in the development
and application of mechanization of field breeding exper-
iments in the world [9].

At present, the international well-known internation-
al manufacturers of field experiment equipment include
Wintersteiger from Austria, Almaco from the United
States and Haldrup and Ziirn from Germany [10-12]. Win-
tersteiger is one of the earliest and most famous field test
equipment manufacturers in the world. The equipment
produced by Wintersteiger covers the whole process of
plant breeding and research from sowing to harvesting.
The products include a plot combine and a breeding com-
bine, a plot feed harvester, a plot planter, software solu-
tions for data management, as well as fertilization and
crop protection equipment and laboratory equipment [13,
14]. Almaco is another leading field experiment equip-
ment manufacturer in the world. It produces a full range
of equipment and instruments, covering the whole pro-
cess of plant breeding [15]. Although Haldrup and Ziirn
are small in scale, their products have distinctive charac-
teristics and occupy a certain niche in many countries’
markets [16].

Strategy and policy of seed industry in China

China is a big agricultural country, and the demand
for seeds is very large. Since 2010, China’s main grain
crops, rice and corn seed demand has been about 250 mil-
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Fig. 1. Rice and corn seed demand in recent 10 years in China

lion kg and 1.15 billion kg, respectively (Fig. I). At pres-
ent, the seed breeding stage in China is still dominated by
manual operation, with low production efficiency and high
labor cost, which leads to low economic benefits of the
seed industry, and it is urgent to improve the level of seed
mechanization. From 2010 to 2015, the number of seed
enterprises with valid business licenses decreased from
8700 to 4660. The concentration of the domestic seed in-
dustry has been effectively improved, which is conducive
to the emergence of large seed enterprises. With the emer-
gence of large seed companies, the requirements for breed-
ing machinery are getting higher and higher [17].

On July 8, 2000, China government promulgated the
seed law of the People’s Republic of China to protect the
safety of the seed industry in China, encourage the use of
efficient and safe seed production machinery, and bring
the advanced and applicable manufacturing equipment
into the scope of agricultural machinery purchase subsi-
dies. China attaches great importance to the sound and
rapid development of field experiment machinery. The
«National Development Plan for Modern Crop Seed In-
dustry (2012-2020)» issued by the China State Council
clearly points out that one of the development goals of
China’s crop seed industry is to explore a number of gene
resources with outstanding target traits and excellent com-
prehensive traits and cultivate a number of new varieties
with high yield, high quality, multi-resistance, wide adapt-
ability and adaptability to mechanized operation and fa-
cility cultivation.

Development and innovation of field experiment mech-
anization

With the support and guide of IAMFE, a research team
on the machinery of field experiments led by prof. Shang
Shuqi was built to study plant breeding machinery. Two
national projects (2010-2015 and 2016-2020) on plant breed-
ing mechanization were supported by China government.
Four plant breeding field bases over 100 ha were built in
Shandong Province and Jiangsu Province to carry the field
experiments for the plot machine. The research team co-
operated with six Chinese manufacturers to develop the
equipment for field experiments together (Fig. 3). Accord-
ing to the needs and requirements in breeding machinery
in China, the development program plans were determined
after careful discussion and analysis. Based on the pro-
duction model of crop variety breeding in China, the key
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problems to be solved in the mechanization of breeding
equipment were analyzed. Through innovative research
and technical breakthrough, technical problems such as
low precision, difficulty to clearly and easily mix in the
process of planting and harvesting in the plot were solved
[18-21]. As a result of 10 years’ research work, 16 new
types of plot seeders and plot harvesters were developed
by the research team. The operating crops include wheat,
corn, rice, peanuts and vegetables (Fig. 2).

Fig. 2. QAU Peanut Combine Harvester

Massive experiments were conducted in the field by
using these prototypes. The experimental results show the
plot machines’ performance can meet the requirements for
the plant breeding field experiments in China. Some re-
search prototypes have been made a batch by Chinese man-
ufacturers and launched into the Chinese market (Fig. 3).

Fig. 3. Plot seeders developed by QAU in recent years

Diversity of crop planting patterns

The crops, that need breeding, include wheat, corn,
rice, rape, vegetables, etc. each crop has its own breeding
mode and requirements. Even for one crop, there are dif-
ferences in planting patterns in different regions in Chi-
na because of soil, water source, light, seed size, planting
habits and other factors. The common planting methods
include flat planting, ridge planting and border planting.
There are some differences in the row spacing, ridge spac-
ing and plant spacing in different regions (Fig. 4). To meet
the specific requirements for breeding contrast experi-
ments, the plot field experimental mode includes ear row,
plant row, plot evaluation and so on.
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Fig. 4. QAU Carrot Combine Harvester

Challenges for the technology of field experimental
equipment

At present, there are significant technical problems in
the mechanization of field breeding in China. The main
technical problems are listed as follows:

1. Technology of quantitative seed separation for small
size seeds. The technology directly affects the uniformi-
ty of seed metering.

2. Seed cleaning technology of a plot seeder. When a
plot is sown and the planter goes to the next one, there
must be no residual seeds in the planter, otherwise, it will
cause mixed planting.

3. Seed cleaning technology in a plot combine harvest-
er. There are the same requirements as for the plot seed-
er, i.e. when a plot harvesting is finished, the seeds in the
harvester must be cleaned up. The parts to be cleaned in-
clude the header, disengagement device, cleaning device
and conveying channel of the harvester.

4. Many technologies, especially automation and in-
telligent technology are not mature, some functional links
still need to be completed manually, decreasing the field
test accuracy and efficiency.

5. Automatic yield measurement technology of a plot
combine harvester. The key problem to be solved is the
sensing technology of real-time and rapid measurement
of seed moisture content.

5. Prospect and suggestions on the future development
of experimental equipment.

Problems in the mechanization of breeding

The requirements for crop breeding in China are com-
plex and diverse, there are few effective solutions, and the
overall level is still relatively low. At present, there is an

SINO-RUSSIAN SYMPOSIUM

urgent demand for field test machinery and equipment,
there is an insufficient research investment and no final-
ized product. Corn harvesting emasculation machinery
and peeling machinery are in short supply. The sowing
precision quality of the developed plot sowing equipment
is not high, the mechanical damage of the plot harvesting
equipment is large, and the impurity content is high after
harvesting. Restricted by the overall level of the domes-
tic manufacturing industry, the durability of mechanical
equipment is not high enough.

ConcLusioN. It is expected that in the next 10 years,
the development trend of the global field breeding mecha-
nization technology will be focused on development and
application. There is a large demand for mechanization
technology and equipment for field breeding on the do-
mestic market, and the field breeding equipment (instru-
ment) has a good market prospect. With the great support
and attention of various countries to the breeding indus-
try, field breeding instruments provide breeders with ef-
ficient, fast and accurate technical means for breeding
parents and expanding population. Field breeding mecha-
nization will inevitably replace artificial breeding pro-
duction.

There are several suggestions on the future develop-
ment of experimental equipment:

1. Pay attention to and speed up the research and de-
velopment of intelligent, information and standardized
technology of breeding test machinery and equipment.

2. Establish mechanization breeding experimental
demonstration area of agricultural machinery and agron-
omy integration, and form a complete breeding regional
test and other experimental mechanization technology
system.

3. Research on crop phenotypic information technol-
ogy should be carried out to obtain the data of various
traits in each critical breeding period.

4. The technology of continuous acquisition and auto-
matic monitoring of plant morphology, soil and mass eco-
logical environment, plant biochemical tissue and physio-
logical characteristics of crop breeding materials were stud-
ied by integrating multi-source information acquisition
methods such as video images, multispectral and sensors.

5. Based on the monitoring data, the digital model of
breeding materials was constructed, and the information
fusion and auxiliary analysis of typical crop breeding pro-
cess were implemented, as well as variety auxiliary screen-
ing and variety adaptability evaluation.
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Abstract. In the year of 2021, the Chinese government allocated 19 billion RMB for agricultural machinery subsidy. The data that
accurately describes the scale of China’s agricultural machinery market could be calculated by analyzing the national agricultural
machinery purchase investment, the total value of the parts market and the replacement market could be inferred. Since the
implementation of agricultural machinery purchase subsidies, China’s comprehensive mechanization rate of crop cultivation,
planting and harvesting has increased rapidly. In 2019, the national comprehensive mechanization rate of crop cultivation, planting
and harvesting exceeded 70 percent, and the production of the three major food crops of wheat, rice and corn was basically
mechanized. This paper analyzes the scale of the complete machinery market, the market scale of key products in the Chinese
agricultural machinery market, the basic situation of Chinese agricultural machinery distribution companies, the basic situation
of the Chinese agricultural machinery purchasing groups, and the main gathering platforms of the Chinese agricultural machinery
distribution market, explaining the current status of China’s agricultural machinery distribution, putting forward suggestions
for the development of China’s agricultural machinery distribution market. There are major contradictions in the agricultural
machinery market in China. The most important one is between supply and demand. In terms of crops, the level of comprehensive
mechanization of wheat, rice and maize is relatively high, while the level of comprehensive mechanization of cash crops such
as cotton oil, sugar and vegetable tea is relatively low; from a regional perspective, the level of mechanization in the northern
plains is relatively high, and the level of mechanization in the hilly and mountainous areas of the south is relatively low; from
an industrial point of view, the level of mechanization of planting industry is relatively high, while the level of mechanization of
animal husbandry, fishery and processing is low. Meanwhile, the contradiction between manufacturers and distributors, as well
as the end-users is further intensifying. This article attempts to explain the efficiency and benefit of agriculture and the return on
investment of agricultural machinery purchase. Only when agriculture is competitive, has good efficiency and benefits, and the
purchase of agricultural machinery has a good rate of return on investment, can the industry develop healthily.

Keywords: China’s agricultural machinery, current situation of distribution, development trends, market size, development
suggestions.
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Pedepart. B 2021 rony mpasutensctBo Kutas Beiiennino 19 munnuapios roaneil Ha cyOCHIMPOBaHHE CENbCKOXO3AHCTBEHHOM
TEXHHKH. JIaHHBIE, TOYHO OMICHIBAIONINE MACIITA0B! KUTAHCKOTO PBIHKA CENBCKOX03AHCTBEHHON TEXHUKHU, MOTYT OBITH TIONyUe-
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HEI C TIOMOIIBIO aHAJI3a IPOTPaMMBI TOCYIAPCTBEHHOTO CYOCHIUPOBAHNS 3aKyIKH CENbCKOXO3IHCTBEHHON TEXHUKH, B PE3YIb-
TaTe Yero MOXHO CZeNaTh BbIBOA 00 00IIel cTouMocTH phlHKa aBro3amyacteil. [Tocne BBeaeHNs CyOCHAMIT HA 3aKYIIKY CENbX03-
TEXHUKH YPOBEHb KOMILICKCHON MEXaHM3allM! PacTeHHEBOATBA ObICTPO yBemmumics. B 2019 roxy on mpesbicui 70 poOIEHTOB,
a MPOM3BOACTBO TPEX OCHOBHBIX MPOAOBOJIBCTBEHHBIX KYIBTYp — MIIEHUIIBI, PUCa U KyKYpY3bl — ObLIO B OCHOBHOM MEXaHU3HU-
poBaHo. [Toka3amu MacmTab KUTaHCKOTO PhIHKA KOMIUIEKTHOTO 00OpYNOBaHHS M KIFOUEBBIX BUIIOB CENBXO3TEXHUKH M OCHOB-
HEIE PBIHKH e¢ cObITa. [IpoBeiy aHamm3 COCTOSHUS KHTAHCKUX KOMIAHHH-IHCTPHOBIOTOPOB M IPYIII-3aKYIIIMKOB KATAHCKOH
CeNbCKOX03HCTBEHHOM TeXHUKH. Jaiu MPeAnoXeHus 10 pa3BUTHIO PHIHKA COBITA CENbXO3TEXHUKHU B CTpaHe. BoisiBuim cepbes-
HEIE TIPOTHBOPEUNS, OCHOBHBIM M3 KOTOPHIX CTANI0 HECOOTBETCTBUE MEXKIY CIIPOCOM H MPEIIOKEHHEM. YPOBEHb KOMIUIEKCHON
MEeXaHW3allUH TIIEHULIB, PUca U KYKYpPy3bl OTHOCHTENIBHO BBICOK, B TO %€ BPEMs OH OTHOCHTENBHO HU30K IIPH MPOU3BOJACTBE
XJIOTIKOBOTO Maclia, caxapa M OBOIIHOTO Yasl. YPOBEHb MEXaHM3AIMA HA CEBEPHBIX PABHHHAX BBIIIE, Y€M B XOIMHCTHIX U TOPHBIX
paifoHax rora. 3 otpaciieii Jydiie MEXaHU3UPOBAHO PACTEHUEBOCTBO, B OTIMYUE OT KMBOTHOBOJCTBA, PbIOONIOBCTBA U TIEpepa-
Ootku. [IpoTHBOpEtre MEX LY TPOM3BOIUTENSIMHU M TUCTPHOBIOTOPAMH, A TAK)KE KOHCIHBIMH MOTPEOUTENSIMU TOJBKO YCHIIMBACT-
cs1. [Tokazamu Bo3MOXKHOCTB 3D(EKTHBHOTO BEICHHUS CETBCKOTO X03sHCTBA W 000CHOBAHHOTO BIIOYKCHISI HHBECTHIINI B TOKYTIKY
CeNbXO3TeXHUKHU. TONBKO TOT/A, KOT/Ia CENbCKOE XO3IHCTBO CTAHET KOHKYPEHTOCTIOCOOHBIM, 3()()eKTHBHBIM U BBITOHBIM, a TO-
KYTIKa CENbCKOX03HCTBEHHOM TEXHUKH TAaeT XOPOIIYIO OKYIIAeMOCTh HHBECTUIIHH, OTPACITh MOXKET ONIarONPUATHO Pa3BHBATHCS.
KitroueBble ci10Ba: cenbCkoxo3gicTBeHHAs TeXHHKa Kuras, rocronnepxka arpapHoro CeKTopa, MEeXaHU3aIus CebCKOro X03sii-
CTBa, MHBECTUIIMU B MMOKYIKY CCJIbXO3TCXHUKHU.

l)l.]m nutupoBanus: Yen T. CoBpeMeHHOE COCTOsIHYE U TEHACHIINY Pa3BUTHS pACTIPEACIICHU I CETbCKOX03IMCTBEH-
Holi TexHuKH B Kurtae / Cenvcroxoszaticmeennvie mawiunvt u mexrnonozuu. 2021. T. 15. N4. 19-23 (In English). DOI
10.22314/2073-7599-2021-15-4-19-23.

hina has become the world’s largest agricultural

machinery market. There are many articles about

the production and application of agricultural
machinery in China, but few researches on the circulation
link from enterprises to consumers. The data used in this
article includes data provided by companies, data provided
by consumers, and agricultural machinery purchase subsidy
data, so the accuracy is higher. In the year of 2018, the
agricultural machinery subsidy was 17.4 billion Yuan. In
this way, the total value of the parts market and the
replacement market could be inferred to 66.34 billion yuan
[1]. The author also argues that China’s policy of agricultural
machinery subsidy is continuous and steady in recent
years. As the efficiency further increases and return on
investment of agricultural machinery purchase further
rises, agricultural machinery distribution in China will
develop correspondingly (Fig. 7).

Statistics of China's agricultural machinery purchase
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Fig. 1. Statistical changes in the purchase of agricultural machinery
nationwide from 2006 to 2018 (data from the Ministry of Agriculture
and Rural Affairs)

Since the implementation of agricultural machinery
purchase subsidies, China’s comprehensive mechaniza-
tion rate of crop cultivation, planting and harvest has in-
creased rapidly (Fig. 2). In 2019, the Ministry of Agricul-
ture and Rural Affairs accelerated the transformation and
upgrading of agricultural machinery [2]. The comprehen-
sive mechanization rate of crop cultivation, planting and
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harvest across the country exceeded 70%, which achieved
the goal of the “13th Five-Year Plan” schedule one year
ahead. The mechanization of the production of the three
major food crops of wheat, rice and corn is basically re-
alized [3].

Comprehensive mechanization level of China
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Fig. 2. Changes in the national comprehensive mechanization rate
of crop cultivation and harvesting from 2006 to 2018 (data from
the Ministry of Agriculture and Rural Affairs)
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In the year of 2018, the comprehensive mechanization
rate of China is over 70%, which is a relatively high fig-
ure. There are many hills and mountains in China, and it
is difficult for agricultural machinery to enter the fields.
However, in recent years, great achievements have been
made in the development of agricultural machinery suit-
able for hilly and mountainous areas.

Whole machinery market scale and key product
market scale of China’s agricultural machinery

In 2019, the sales of the whole agricultural machinery
market in China was 64.7 billion yuan. Among them: Hei-
longjiang Province 9 billion yuan, accounting for 14%;
Henan Province 6.1 billion yuan, accounting for 9%; Shan-
dong Province 4.5 billion yuan, accounting for 7%; An-
hui Province 4.5 billion yuan, accounting for 7%; Inner
Mongolia 4.1 billion yuan, accounting for 6%; Jilin Prov-
ince 4 billion yuan, accounting for 6%; Hebei Province
3.5 billion yuan, accounting for 5%; Hunan Province 3.1
billion yuan, accounting for 5%; other regions 26 billion
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yuan, accounting for 40%. Heilongjiang, as well as Henan,
Shandong and Anhui are the main grain producing areas
in China, which are in line with the sales of agricultural
machinery (Fig. 3).

® Heilongjiang

= Henan
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Fig. 3. Proportion of annual sales of the regional complete machine
market

Key products

Tractor, harvester and planter are the main agricultur-
al machinery sold in China. The annual sales of tractors
in China was 27.3 billion yuan, accounting for 42%; the
annual sales of harvesting machinery was 16.2 billion yu-
an, accounting for 25%; the annual sales of sowing ma-
chinery was 3.6 billion yuan, accounting for 6%; the an-
nual sales of other machinery was 17.7 billion yuan, ac-
counted for 27% (Fig. 4).

Annual sales of key products (100 million CNY)
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Fig. 4. Annual sales of national key agricultural machinery products

Basic situation of China’s agricultural machinery
distribution enterprises

Agricultural machinery distribution companies are
not evenly distributed in each province. This is closely re-
lated to the scale of the land and planting conditions. There
are 1,757 agricultural machinery distribution enterprises
with annual sales exceeding 10 million yuan. Among
them: 220 in Shandong Province, 184 in Jiangsu Province,
168 in Henan Province, 163 in Anhui Province, 124 in He-
bei Province, 112 in Inner Mongolia, 101 in Jilin Prov-
ince, and 685 in other regions (Fig. 5).
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Fig. 5. National agricultural machinery distribution companies
with annual sales exceeding 10 million yuan
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Basic situation of China’s agricultural machinery
purchase groups

There were 3649 purchasers with annual purchases
exceeding one million yuan. Among them: 510 in Hunan
Province, 419 in Xinjiang, 345 in Jiangsu Province, 312
in Jilin Province, 284 in Anhui Province, 217 in Inner
Mongolia, 215 in Liaoning Province, 162 in Shandong
Province, 147 in Jiangxi Province, 105 in Hebei Province,
103 in Henan Province and 830 in other regions (Fig. 6).
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Fig. 6. Distribution of purchasers with annual purchases exceeding
one million yuan nationwide

The number of agricultural machinery dealers is not
even across provinces in China, because the demand sit-
uation in each province is not the same. For example, Hei-
longjiang Province produces the most food, but because
of the large area of land, the sales are mainly large-scale
machinery, so the number of dealers is not as many as that
of provinces such as Henan, which has a smaller land area.

Main gathering platform of China’s agricultural
machinery distribution market

1. China International Agricultural Machinery Exhi-
bition. CIAME has a history of more than 60 years. It is
a world-renowned professional international exhibition
of agricultural machinery held annually (Fig. 7).
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In recent years, the exhibition area has exceeded 220,000
square meters. There are about 2,000 domestic and for-
eign exhibitors and a professional visitor of 135,000 per-
son time. And more than 30 high-end forums and special
events are held during CTAME. The exhibition is a world-re-
nowned one and is known as a platform for global agri-
cultural machinery business and brand communication,
a platform for agricultural machinery information gath-
ering and interaction, a platform for industrial policy and
academic exchange, and a platform for modern agricul-
tural technology and equipment integration and demon-
stration.

2. Agricultural machinery exhibitions in major pro-
vinces and main crop regions. There are more than 20 ex-
hibitions each year.

3. Agricultural machinery field exhibition. It is the
public industrial brand established by China Agricultur-
al Machinery Distribution Association. The exhibition se-
lects advanced technology and equipment to display and
demonstrate in the field, organize on-site observations,
directly dock products with farmers, and the farmers could
learn about the machinery performance on the spot. The
exhibition is arranged according to different crops and
different regions, there are generally about 15 large-scale
events throughout the year all over China.

Suggestions for the development of China’s agri-
cultural machinery distribution market

1. More attention should be paid to the importance of
the guiding role of agricultural machinery purchase sub-
sidies. The subsidy policy reflects the will of the govern-
ment, and industry development needs to keep up with
the situation. The latest policy is the “Guiding Opinions
on the Implementation of Agricultural Machinery Pur-
chase Subsidies from 2018 to 2020, which is also public-
ly available.

2. The distribution of agricultural machinery must be
oriented to the entire process of agricultural production,
comprehensive, high-quality and efficient. It is necessary
to comprehensively consider crop types, topography and
landform. The agricultural machinery industry must fo-
cus on the overall situation, change the grain-oriented de-
velopment thinking, and shift from plain agriculture to
hilly and mountain agriculture, from food crops to cash
crops, horticultural crops, and feed crops [5]. It should de-
velop towards the breeding and processing industries, and
fully serve the overall idea of the adjustment of the plant-
ing industry structure.

3. Itis necessary to strengthen the comprehensive ag-
ricultural technical service capabilities and transform to
a comprehensive agricultural production technical ser-
vice provider. Where the customers are, the boundaries
of your organization are. The industry needs us to be brave
in self-revolution and good at self-evolution. The only rea-
son for survival is to better realize value creation, more
comprehensive and in-depth service capabilities. At pres-
ent, the root cause of the turbulence in the agricultural
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machinery market is also that the industry has shifted
from the pursuit of efficiency, agricultural machinery
ownership, and overall mechanization rate to the pursuit
of efficiency, agricultural machinery operation service
volume, and single agricultural machinery service cover-
age [6].

For agricultural machinery operation services, it is
necessary to be localized, to have incremental value cre-
ation, to deepen scientific and technological power and
industry resources into the industrial chain of growers, to
help them enlarge the cake, and then try to divide the
cake[7-8].

4. It is necessary to attach importance to the social-
ized agricultural service model, and pay equal attention
to the scale of planting and the scale of operation. Agri-
cultural productive services refer to socialized services
that run through the chain of agricultural production op-
erations, directly completing or assisting in the comple-
tion of various aspects of agricultural operations before,
during and after production. Accelerating the develop-
ment of agricultural productive service industries is of
great significance for cultivating new forms of agricul-
tural and rural economy and building a modern agricul-
tural industrial system, production system, and manage-
ment system. To develop diversified alliances and coope-
ration to improve the degree of organization of small farm-
ers is a must. The characteristics of China’s agricultural
resources and the situation of urbanization determine that
it is unrealistic to follow the path of mass production and
large-scale distribution similar to the United States.

For a long period of time in the future, “appropriate
scale” will be the main focus; and scale is the basic pre-
requisite for the next stage of agricultural productivity im-
provement. Therefore, it is inevitable that the “agricultur-
al socialized service system” with scale effect will link
up and play the role of a platform that “empowers” small
and medium farmers, forming a collaborative structure
of “agricultural leader + service system + moderately
large-scale farmers”.

5. It is important to grasp the nature of business and
study how to anchor the market. In a rapidly changing
world, entrepreneurs will lose their overall grasp of fu-
ture changes if they just focus on the competitors in front
of them. The important thing is to explore how the mar-
ket is changing, rather than blindly emphasizing how com-
panies are “fickle” [9-10]. In the face of accelerating chang-
es and increasingly complex competition in the business
world, one must return to the essence of business to find
a cognitive “anchor” for the rapidly changing market tur-
bulence.

ConcLusions

It is believed that in the future, the agricultural ma-
chinery industry must first pay attention to two core is-
sues, namely: the efficiency and benefit of agriculture,
and the return on investment of agricultural machinery
purchase. To put it bluntly, it is whether agriculture makes
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money and agricultural machinery makes money. The es-
sence of agricultural machinery is to serve agricultural
production. It is an input to agricultural production, and
of course it is the cost of agricultural output. Only when
agriculture is competitive, has good efficiency and bene-

SINO-RUSSIAN SYMPOSIUM

fits, and the purchase of agricultural machinery has a good
return on investment, can the industry develop healthily.
It can be said that these two issues are the anchor of the
industry.
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Abstract. Seed processing is an important link in the seed industry chain. Crop seed industry is a national strategic and
basic core of industry. Drying, cleaning, selecting, grading, coating, packaging and storage of crop seeds are the main
measures to realize the precision sowing of crops and the increase of grain yield and income. Continuously improving
the intelligence and fine level of seed processing equipment is of great significance to ensure the production and supply
of excellent seeds and the stability of agricultural production. This paper describes the development status of modern
seed processing equipment technology in China, introduces the establishment of seed processing equipment engineering
technology research center, taking maize, rice, wheat and cotton seed processing technology and machinery as an example,
describes the key technologies and technological process of the breakthrough in the major crop seed processing, analyzes the
existing problems of seed processing equipment in China at this stage as well as the development trend in the future, provides
areference for government decision makers in resolving the problem of mechanical damage in the process of seed processing
and further improving the intellectualization level of seed processing, promotes the common progress of the global seed
processing equipment technology.
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cTparermdeckas u 6a30Bas OTPaCIb MPOMBIIUICHHOCTH cTpaHbl. CyIKa, OYHCTKa, 0TOOP, COPTUPOBKA, IPaKUPOBAHUE, YIIa-
KOBKa M XpaHEHHE CEMSH CeIbCKOX03AHCTBEHHBIX KYJBTYP SBIISIOTCS OCHOBHBIMM MEPaMHM MO 00€CTIeYEeH IO TOYHOTO T10CEBa
CENBCKOXO3SHCTBEHHBIX KYNBTYP U YBEIHUCHHS YPOXKAWHOCTH H T0XOHOB 3epHa. [locTOSHHOE MOBBIIEHNE HHTEIUICKTYalb-
HOTO YPOBHSA 000pYI0BaHUS A1 00paOOTKH CeMsH UMeeT OOJbIIoe 3HaYeHHe IS TIOMYYeHHs W OCTAaBKH OTIIMYHBIX CEMSIH
U obecreueHns CTaOMIIBHOCTH CEbCKOX03HCTBEHHOTO MPON3BOACTRA. B 3T0i paboTe OmUChIBAeTCS COCTOSHIE Pa3paboTKu
COBpPEMEHHOTO 000pyzoBaHus 11 00paboTke ceMsH B Kutae, pacckas3pBaeTcsl O CO3NaHHUH [EHTPa HHKEHEPHBIX TEXHOIO-
ruii obopynoBanus 1t 006padoTku cemsH. Ha mpumepe TexHoIorHi 1 000pya0BaHuUs 115t 00paOOTKH ceMsSH KyKypy3bl, puca,
TIIICHUIIB ¥ XJIOKA OMHCHIBAIOTCS KITIOUEBBIE TEXHOJIOTUH M TEXHOJIOTHIECKHIH MPOIIECC, JIeXKAIINE B OCHOBE TEXHOJIOTHYIE-
CKOTO MPOpBIBa B 00pabOTKE CEMSH OCHOBHBIX CENIbCKOXO3SHCTBEHHBIX KYJIBTYP. AHAJIU3UPYIOTCS CYILIECTBYIONINE MpobiTe-
MBI, CBS3aHHBIE ¢ 000pyI0BaHIeM UL 00paboTku ceMsH B Kurtae Ha qaHHOM 3Tare, a Takke Oyaymine TeHICHIIUHI Pa3BUTHI
00paboTku cemstH. CTaThs MPeAOCTaBIAET PEKOMEH/AINH JIJTs JINLI, TPHHAMAIOIINX PABUTEIbCTBEHHBIE PEIICHNS B 0011acTi
po0IeM MeXaHNYECKHX TOBPEXKICHUH CEMSH B Tporiecce 00pabOTKU M PeIleHHs O JaJbHEHIIEeM MOBBIICHUH YPOBHS HH-
TeJIeKTyall3alu 00pabOTKU ceMeHHOro MaTepuana. JlanHas paboTa criocoOCTBYeT AaTbHEHIIEMY Pa3BUTHIO II00ATBHBIX
TEXHOJIOTHH B 3TOH cepe.

KaroueBble c10Ba: ceMeHOBOIYECKOe 000pyOBaHHE, pa3paboTka W NPHUMEHEHHE.

 BIRT nutupoBanus: 1[3q 11, JIro I, L3s L., SIu T. Pa3paboTka i mpuMeHEHNE HHTEIICKTYaIbHBIX TEXHOIOT Ui
u obopymoBaHus 1Isl 00paboTKu ceMsiH // Cenbckoxossiicmseennvie mawunsl u mexroaoeuu. 2021. T. 15. N4. 24-28

(In English). DOI 10.22314/2073-7599-2021-15-4-24-28.

the mechanization and intelligence of agriculture

vigorously, and add wings of science and technology
for agricultural modernization”. “One seed can change
the world, the bowls of the Chinese, in any situation, must
be firmly held in our own hands, and it should be mainly
filled with Chinese grain” [1].

Crop seed industry is a national strategic and basic
core of industry. Seed processing equipment is an import-
ant link in its industrial chain, which is the main measure
to realize precision sowing and the increase of grain yield.
Seed processing mainly refers to the seed treatments be-
fore planting and the fine processing, drying and storage
of the grain after harvest (Fig. 1).

P resident Jinping Xi put forward, “we must promote

Before
production
--------

Fig. 1. Seed processing equipment in the crop seed industry chain

Seed processing refers to the process of drying, clean-
ing, grading, coating, packaging and storage of seeds from
harvest to sowing depending on their different biological,
physical and mechanical characteristics.

Seed processing equipment is the generic term of spe-
cialized processing technology and technical equipment
which are designed and adopted for the different breeds
of crop and processing requirements. Seed processing
equipment is of special significance to ensure the produc-
tion of fine seeds supply and the stability of agricultural
production [2].
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Development and application of intelligent seed pro-
cessing technology and equipment

The National engineering technology research center
of seed processing equipment was approved by the min-
istry of science and technology in 2012, established on
Aokai Seed machinery Co., Ltd. Jiuquan, China (Fig. 2).
It mainly engaged in the research of the principle of seed
processing technology, the key technology of seed pro-
cessing, the serialization, complete set, and intelligence
for the seed processing equipment.

ARBUEFLEAAFRE AL

Fig. 2. National Engineering Technology Research Center of Seed
Processing Equipment

Aokai Seed machinery Co., Ltd. is close to the core ar-
ea of national corn seed production base, and it is the larg-
est leading enterprise of seed industrial equipment devel-
opment and manufacture, ranking first in the industry in
China. The main products are seed fine processing, seed
drying, metal storage, field seed production, environmen-
tal protection and dust removal,and other 10 series includ-
ed more than 500 varieties.

The center has set up 4 research and development cen-
ters in Jiuquan, Lanzhou, Beijing and Chengdu, with 14
sub centers about seed processing, drying and complete
engineering, including 128 technicians. In 2020, Aokai
Seed machinery Co., Ltd. was rated as national green fac-
tory. Our goal is to build it into a garden mold of intelli-
gent green manufacturing factory which manifests the
type of brand effectiveness and viewing demonstration.
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In the process of manufacture, the advance processing
equipment such as laser cutting, numerical control cut-
ting, numerical control machine, automatic welding, pre-
cision forging, precision casting has been widely adopt-
ed, and the precision of the manufacture of the seed pro-
cessing equipment has been improved (Fig. 3, 4).
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Fig. 5. Engineering processing technology flow of maize seed

of the corn seeds with high cost performance, intelligent,
large-scale, engineering in the whole process for seed in-
dustry in China.

In terms of the product research and development, ac-
cording to the processing characteristics of the corn seeds,
we have successfully developed large modular corn ear
drying equipment, variable temperature drying equip-
ment, intelligent seed sorting and processing equipment,
multi-channel corn peeling machine, kneading maize
sheller, intelligent batch environmental coating machine
and other equipment, forming an advanced and perfect
corn seed processing technology and equipment system.

In the application of new technology, the automatic
control and information management system of the corn
ear drying were researched. Through tracking and ana-
lyzing the collected data and corresponding curves, the
best drying process parameters for the certain corn seeds
were defined (Fig. 6). The remote monitoring and intelli-
gent control of corn ear drying were realized, which re-
duces the intensity of the operators, and realizes the in-
formation recording and administration of the whole pro-
cess of drying.

th 4. Hydraulzc testing platform

After the implementation of “seed law” in China, the
number of seed enterprises in China has decreased from
more than 8000 to less than 4000 now. The concentration
of seed enterprises has been continuously improved, and
the enterprises march toward the road of the large-scale
management, which ensured the quality of seed process-
ing and the safety of seed supply [3]. We have realized the
industrialization, complete set, large-scale and intelligent
of the seed processing in the standardizing, large-scale,
mechanized and intensive environment. We pay attention
to the seed health, preserve the seed vitality and ensure
the processing quality [4].

The production line of the seed processing equipment
is mainly divided into corn, rice, wheat, cotton, vegeta-
ble and flower seeds [5-7]. In China, corn seed produc-
tion is a huge industry. In the field of the process of the
corn seeds, we have built an intelligent mechanized op-
eration in the whole process, and the mode of the large-
scale production (Fig. 5). We developed the complete set
of equipment for large-scale processing of corn seeds. We
realized the information management, fine processing,
mechanized operation and large-scale production of corn
seeds. We provided the mechanized processing equipment
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Fig. 6. Schematic diagram of hot air reversing in drying process
of corn seed ear

In the aspect of intelligent batch seed coating machine,
based on PLC, the units are controlled to operate automat-
ically, orderly, and concordantly, which realize the intel-
ligent and precise addition of the seed coating agent. The
pre-mixing system of seed coating agent was developed
to solve the problems of various kinds and complex for-
mulations of the seed coating agent.

We have developed an integrated high-clearance
self-propelled corn tasseling and spraying equipment,
based on the Beidou navigation system, it achieve auto-
matic navigational operation of the spraying machine,
which solves the problem of the intelligent control of the
mechanized tasseling, spraying, fertilization, reduces the
production cost of the corn seed production, and improves
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the competitiveness of the seed market.The layout of large-
scale corn seed processing plant is constructed. We can
develop one-stop solutions from plan, design, manufac-
ture and install. We can complete the integrated turnkey
project from the front unloading platform — ear dressing
workshop — ear drying — threshing — temporary storage —
cleaning processing — intelligent storage (Fig. 7).

=
t ol

Fig. 7. Layout of large-scale corn seed processing plant

In terms of popularization and application, the annu-
al production of the seed production of hybrid maize in
the base in Hexi corridor, Gansu, accounts for about 60%
of the national demand. The purification rate of corn seeds
reaches 99.5%, the damage rate is less than 0.5%, and the
germination rate is more than 96%. At present, there are
150 corn ear drying production lines in China, which ef-
fectively guarantee the large-scale processing demand of
corn seeds.

In the field of rice and wheat seed processing, we main-
ly solve the problems of processing equipment and intel-
ligent control system, such as precleaning, grain drying,
awning removal, gravity separation, pit-hole roller clean-
ing, specific gravity wind separation, coating and pack-
aging (Fig. §). Inrecent years, the demand of the mechan-
ical drying of rice seeds is increasing by year. There are
more than 1200 complete sets of wheat and rice seed pro-
cessing lines in China, which basically meet the current
processing requirements of rice seeds in China [8].

—— .
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Fig. 8. Rice and wheat seed engineering processing process

The continuous intelligent drying technology of rice
and wheat grain were mainly solved. According to the
safety temperature of different materials tolerated, the
variable temperature drying process was adopted to real-
ize the slow and uniform precipitation of rice and wheat
seeds, and reduce the rate of cracking and heat damage of
seeds.

Interms of heat source, heat pump is used as clean heat
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source to change the traditional drying mode which uses
coal as heat source. Large rice dryers with 15 t/h, 30 t/h
and even 100 t/h have been developed and produced. The
drying temperature is accurately controlled, and energy
saving, environmental protection and reduced seed dry-
ing cost are achieved.

In the aspect of cotton seed processing, the excessive
dilute sulfuric acid depilation process was used to build
a complete production line of intelligent de cashing of cot-
ton seeds. After processing, the purity of cotton seeds was
more than 95%, the germination rate was more than 90%,
and the crushing rate was less than 5%. China has built
120 complete sets of cotton seed production lines.

Inrecent years, color separation and magnetic separa-
tion technology have been continuously applied in pro-
cessing production line of cotton seeds, which significant-
ly improve the quality of cotton seeds. Color separation
technology is also suitable for the processing production
line of rice and corn seeds.

In the field of seed processing of vegetable, flower and
forage seeds, a production line with a processing capaci-
ty of 150 kg/h has been developed, which has solved the
key technologies of the fine processing single machine
and complete set of production regarding polishing, dry-
ing, wind separation, specific gravity selection, coating
of the vegetables, flowers and grasses seeds. It also pro-
vides key technical equipment for the fine processing of
vegetable and flower seeds in China.

Seed processing technology in china originated in the
1970s and has a history of 50 years. The development of
seed industry equipment has gone through a process from
scratch less to much more, small to large, single to com-
plete. The development of seed industry equipment has
basically met the needs of China’s seed processing equip-
ment, and has been exported to many countries around
the world. The technical level of seed industry equipment
has reached the international advanced level, which can
play an important role in solving the problem of the grain
yield, farmers’ income, and the eating problems of 1.4 bil-
lion people in China.

The future of seed processing

To solve the problem of mechanical seed damage during
seed processing, the level of the intelligence in seed pro-
cess should be further improved. The deep integration of
5G with cloud computing, big data, artificial intelligence,
virtual reality and other technologies to establish seed
processing parameter database and realize online remote
intelligent control of seed process is the goal of the re-
search and development of seed processing equipment in
the future.

Quality traceability and on-line monitoring of seed
production process should be solved. Machine vision tech-
nology, near infrared spectroscopy, hyper-spectral imag-
ing technology, soft X-ray technology, laser speckle tech-
nology and other technical means should be applied to de-
tect seed vitality and vigor.
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We should adhere to the concept of “scientific and tech-
nological innovation lead the development”, build a seed
industry equipment innovation system with the govern-
ment as the leading factor, the market as the guide, enter-
prises and scientific research institutions as the main body,
scientists and technicians as the main force, and the sys-
tem as the guarantee. We should build a highland of sci-
entific and technological innovation, and make greater
contributions to the national food security and the new
rural construction [9, 10].

We should further deepen the exchange and coopera-
tion with international seed processing equipment enter-
prises, promote the common progress of the global seed
processing equipment technology, and create a better fu-
ture for human society.

ConcLusions. With the continuous promotions of the
national economic development in the period of “14th five

POCCUINCKUA CUMMNO3NYM
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year plan”, the strategic core position of seed industry in
the national economy will be more prominent. The mech-
anized technology system and equipment of seed indus-
try in China face high-quality development. We should
further grasp the development trend of seed industry in
China, solve the problem regarding the supply-demand
relationship between seed production and processing in
the new period, continuously increase the investment in
scientific research, strengthen the collaborative innova-
tion and cooperative research, deepen the integration of
agricultural machinery and agronomy, strengthen the in-
tegrated development of seed industry equipment with in-
telligence and information, establish the team of scientif-
ic talents, and promote the transformation and application
of the achievements, which can make important contri-
butions to ensure the food security in China.
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Abstract. Agricultural machinery is the key field in modern scientific and technological innovation. In recent years, China has
made great achievements in the development of high-performance intelligent agricultural machinery with cutting-edge technology,
which promotes the efficient use of agricultural resources and environment-friendly development, and supports 70 percent of
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agricultural equipment technology in China from the aspects of information perception and precision production monitoring
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At last by referring to the application basis and cutting-edge technology of China’s intelligent agricultural machinery industry,
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Kwuraiickas akameMust HayK MEXaHU3aIUH CEIbCKOT0 X03siicTBa, [leknn, Kuraiickas Hapognas Pecriybnuka

Pedepar. Cenbckoxo3siicTBeHHAS TEXHHKA CTaNa KIFOYEBOI 00NACTHI0 COBPEMEHHBIX HAYYHBIX M TEXHOJIOTHIECKUX HHHOBAIIHIL.
B nocnenuue ronst Kurtait 1o6uncs 60IbIIMX YCIEX0B B pa3pabOTKe BBICOKONPOU3BOAUTEIBHOIN HHTEIIEKTyalbHON CENbCKOX0-
3HCTBEHHOI TEXHUKU U PUMEHEHNH TIEPEIOBEIX TEXHOIOIUH, KOTOPEIE CIOCOOCTBYIOT 3 (QEKTHBHOMY HCIIONB30BAHUIO CETh-
CKOXO3SHCTBEHHBIX PECYPCOB M IKOJIOTHYECKH 0€30IacCHOMY Pa3BHTHIO, a TaKkxke obecrednBatoT 70 IIPOLEHTOB IPOM3BOACTBA B
00nacTi MEXaHU3aIMK CENIbCKOTO X03sicTBa B Kutae. B aToil paboTe 0CHOBHOE BHUMAHUE YIENSAETCS MHHOBAIMSAM H JIOCTHKE-
HUSIM B 00JIACTH TEXHOJIOTHI HHTEIUIEKTYAIBHOTO CeTBCKOXO3SHCTBEHHOTO 000pynoBanns B Kurtae, a IMEHHO BOTIpocaM BOCIIPU-
ATHS HHQOPMALIIH, TEXHOIOTHH TOYHOTO MOHUTOPHHTa POM3BOACTBA, MPOOIEMaM TEXHOIOT Uil HHTEINIEKTYaIbHOTO YIPABICHNUS
OTepaIysIMH, SHEPreTHIECKOTO 000PYI0BAHHS, MAIIIH TS 00paOOTKH CEbCKOX03HCTBEHHEIX YTOHIT, HHTEIIICKTYaIbHOH TeX-
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HOJOTHH cO0pa yposKast, TEXHOIOTHH IPOU3BOICTBA H 000PYIOBAHIS [UTs ITepepaboTKI CeNbX03MPOAYKIMH. B cTarhe TakKe mpo-
THO3UPYETC, 4TO B OyIyleM SKOIOTHYHOCTD, HHTEIUIEKT U YHUBEPCAIBHOCTD CTAHYT OCHOBHBIMU XapaKTePHUCTHKAMHU Pa3BUTHS
TEXHOJIOTHI MHTEIUIEKTYaIbHON CeNbCKOX03sHCTBEHHON TEXHUKH, a IEPEKPECTHAs UHTErpaLus, poCT U PacIIMpeHue HEOTPhIB-
HO CBSI3aHBI C TEXHOJIOTHYECKUMHI UHHOBAUMAMHU. HakoHel, Ha OCHOBE MPUKJIAJHOTO XapaKTepa KUTAHCKOW MHTEIUIEKTYalbHOH
CENbCKOXO3HCTBEHHOM TEXHUKH M MEPEOBBIX TEXHOIOTHH, IUTHIBAS LS HHHOBAIMOHHOTO Pa3BUTHUS M HAIPABICHHS UCCITe-
JOBaHHI OyIyIIEro HHTEIUICKTYAIBHOTO CETbCKOX03SHCTBEHHOTO 000PYIOBAHIS, IPHHIMAS BO BHUMAHIE HAyIHBIC H TEXHONO-
TUYeCKUe MHHOBAIMY U TEHEHIMH TIPOMBIILICHHOTO Pa3BUTHS B 00NACTH MEXaHU3AIMHU CETLCKOTO XO3SHCTBA M BO3MOXKHOCTH
MHTEIUICKTYaNbHOM HHTETPaIiy, aBTOPHI BEIIBATAIOT HEKOTOPHIE IPESANOKEHNUS B HAIIPABICHNN MCCIEOBAHMHN OyIyInero HHTeN-
JIEKTYalbHOTO CEIBCKOX03ACTBEHHOTO 000pYI0BAHHUAL.

KiioueBble ¢j10Ba: CeIbCKOXO3SICTBEHHAS TEXHUKA, MHHOBALMOHHEIH Iporpecc, (POKyC pa3BUTHSL.

(BIRT nutupoBanus: Cunnda d., Xaitxya B. MccnenoBanue 1oCTHKCHUH 1 IEPCIIEKTHB Pa3BUTHUS TEXHOJIOTHYE-
CKUX MHHOBAIMH B 00JIaCTH HHTEIIEKTyaJIbHOH CeTbCKOX03sHcTBeHHOH TexHukH B Kurae // Cenbckoxossiicmeen-

Hole mawunvl u mexuonozuu. 2021. T. 15. N4. C. 29-34 (In English). DOI 10.22314/2073-7599-2021-15-4-29-34.

gricultural machinery is the key field in modern

scientific and technological innovation. Since

2016, China has made significant achievements
in technological studies, such as information perception
in agricultural machinery operation, lean production,
intelligent operation management; key equipment research,
such as intelligent agricultural power machinery, efficient,
precision and environmentally protective multi-functional
field operation equipment, efficient and intelligent harvesting
equipment for grain and cash crops, intelligent facility
and lean production equipment, intelligent desiccation and
precise grading equipment, as well as livestock and poultry
processing equipment at the places of production, mechanized
technology equipment in hilly and mountainous areas and
paddy field. In developing high-performance intelligent
agricultural machinery with cutting-edge science and
technology, China has developed agricultural machinery
that is applicable in featured areas and crops and animal
husbandry, also developed small-scale agricultural
machinery that finishes the whole production chain of
tillage, seeding, planting, pesticide application, harvesting,
storage and processing, and has realized whole process
monitoring and regulation over production environment,
process and operation quality, and has enhanced the
application level of water, fertilizer and medicine and
agricultural production capacity and efficiency, promoted
efficient application of agricultural resources and environmental
friendly development, and supported 70% of mechanized
agricultural production in China [1].

Information perception and precision production
monitoring technology in agricultural machinery op-
eration

Focusing on agricultural lean production, China has
developed soil environmental information such as soil
moisture, temperature, water potential, tillage resistance,
as well as sowing amount, fertilization amount, rice and
wheat growth, crop yield and sensors for lean production
information, and formed a lean production regulation sys-
tem based on crop production process and realized the
controlling and regulation of more than 70% key param-
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eters. China has developed a new mechanism for bio-mi-
metic farming and precision seeding based on informa-
tion sensor control, raising the efficiency by about 10%;
it has developed physiological and ecological monitoring
for livestock and poultry, and digital characterization and
classification analysis, growth control and other technol-
ogies and sensor monitoring devices, and realized char-
acterization and monitoring of more than 60 parameters,
developed fine feeding devices and systems; studied the
kinetic characteristics such as field work environment de-
tection, track-slip rate and dynamic load, also realized op-
eration status monitoring over seed flow, sowing and fer-
tilizing depth, grain moisture, grain loss and other oper-
ational status, and its testing methods and technologies,
and developed special sensing devices and systems, with
detection errors of main parameters less than =0.02 [2-3].

Intelligent operation and management technologies
for agricultural machinery

Besides, China has developed positioning and naviga-
tion systems and devices based on Beidou system, self-or-
ganizing network technology, machine vision technolo-
gy, host and machine coordination, path tracking and au-
tomatic obstacle avoidance under complicated working
conditions with horizontal positioning accuracy of 1 cm
+ 1 ppm and linear navigation accuracy less than 3 cm in
high-speed operation; China has made breakthrough in
multi-source information acquisition and fusion control
of optoelectronics, electro-hydraulic, and developed in-
telligent variable application actuators and system devic-
es for seeding, fertilization, irrigation, and pesticide ap-
plication with response time based on multi-source infor-
mation decision-making less than 5s, and variable control
error less than 5% FS; developed technologies and sys-
tems in intelligent control strategy, work flow detection,
automatic fault diagnosis, cluster scheduling and remote
operation and maintenance technology and system, which
can meet the management requirements of agricultural
machinery operation of more than 100,000 units; for smart
farms, China developed operation decision-making and
operation quality management technologies and systems
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and formed a typical intelligent control system for agri-
cultural machinery, and realized the application of “In-
ternet + agricultural machinery”.

Power machinery in intelligent farming

Focusing on energy saving, emission reduction, and
noise reduction, China has studied key technologies such
as electrically controlled high-pressure injection for en-
gine, exhaust gas recirculation, and exhaust gas after treat-
ment, and developed systems for intelligent power output
control, overall machine working status monitoring and
fault diagnosis, and intelligent management systems. The
small and large-scale agricultural diesel engine has been
developed with maximum injection pressure of 2000 bar
and a torque reserve of more than 30%. China has devel-
oped technologies such as power shift and continuously
variable transmission, electro-hydraulic lift and suspen-
sion type steering drive axle as well as intelligent control,
also developed a series of heavy tractors with full power
shift, continuously variable transmission, high and low
power, which achieved more than 50 hours of trouble-free
operation. China has also developed technologies of op-
timized power distribution and control, energy manage-
ment strategy, double motor coupling, as well as key com-
ponents in transmission, steering and suspension, and de-
signed and developed 25 horsepower and 35 horsepower
electric motors. China has developed chassis with high
passability and high adaptability, gearbox combined with
Hydrostatic Mechanical Transmission (HST/HMT) and
mechanical transmission, light weight of the whole ma-
chine matched with working machine and intelligent con-
trol, developed tractors with suitable for hilly and moun-
tainous areas and gradeability if more than 20° and con-
tour farming angle more than 15°; developed a 20-horse-
power four-wheel driven/wheel-track type, 70-horsepow-
er crawler type, 80-horsepower crawler type paddy field
tractors; developed 25-horsepower, 55-horsepower, and
80-horsepower wheeled horticultural tractors, which pro-
vide green and efficient power for the diversified produc-
tion of modern agriculture.

Efficient, accurate and environmentally friendly
multifunctional farmland operation machinery

Aiming at the key links such as seeding, planting,
weeding, fertilization and pesticide application, China has
made breakthrough in some key technologies such as high-
speed precision seeding metering, sowing depth control,
and simultaneous seed fertilizer delivery, and developed
high-speed precision seeding equipment for rice, soy-
beans, corn, and wheat and achieved over 90% of work-
ing precision at working velocity of 10 km/s; made break-
through in seedling identification, high-speed seedling
picking, precision planting, and developed equipment for
high-speed super rice transplanting, rape and vegetable
transplanting, with transplanting unit efficiency as high
as 7200 seedlings/hour; developed technologies such as
ground clearance/wheel gauge control, precision mixing
of medicine liquid and seedling zone identification., de-
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veloped multi-functional field management equipment in
high-clearance precision pesticide application and paddy
field light plant protection, with the highest ground clear-
ance height of 2 m and accuracy of liquid application con-
trol within £5%; China has broken through the technolo-
gy of airborne information detection, autonomous flight
control, and pesticide application control, and developed
a series of agricultural unmanned plant protection oper-
ation equipment, with cruise time over 30 minutes; stud-
ied soil rapid detection, protective tillage, soil residual
film separation technologies, developed laser leveling, re-
sidual film separation, and subsurface pipe drainage for
soil conditioning; developed technologies such as plot pre-
cision seeding, emasculation, pollination, high-cleanli-
ness harvesting, and carried out integrated research and
development of corn, wheat, rice, vegetable seed breed-
ing and harvesting equipment [4-5].

Efficient and intelligent harvesting technology and
equipment

China has made breakthrough in the key technologies
of the combine harvester’s intelligent working condition
parameter control, high-efficiency and low-loss harvest-
ing, high-throughput threshing and cleaning, and devel-
oped an intelligent and efficient rice-wheat combine har-
vester with a feed rate of over 10 kg/s. China has also made
breakthrough in the key components such as corn plant
cutting, low-loss ear picking, high moisture content ker-
nel after low loss threshing, as well as intelligent control
of working conditions based on loss rate, and developed
corn grain harvester with single/double longitudinal axi-
al flow, corn ear and stem harvesters, corn ear combine
harvesters, fresh corn combine harvesters, and realized
corn damage rate of less than 4% with a corn moisture
content of about 30%.

China has made breakthrough in technologies such as
automatic alignment, online production measurement,
and working condition monitoring, integrated intelligent
control system for cotton picking, and developed a six-
row cotton box-type and packaged high-efficiency intel-
ligent cotton picker. China has developed technologies
such as efficient stalk cutting, low-loss transportation,
and stalk-leaf separation, and integrated intelligent con-
trol technologies such as alignment and cutting depth, and
developed a wheeled/track type sugarcane combine har-
vester, studied key technologies and devices for the intel-
ligent and low-loss rape harvesting, and developed self-pro-
pelled rape combine harvester and rape swathing and pick-
ing harvester, reducing total loss rate by about 6%; stud-
ied the technologies of drag reduction excavation, sepa-
ration of fruit and soil, and high-efficiency fruit removal
and cleaning, and developed high-efficiency self-propelled
peanut combine harvesters and harvesters for digging and
laying, picking and fruit removal, reducing total loss rate
by about 4% [6-7].

Facility intelligent production technology and equip-
ment
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Focusing on the lean production needs of vegetables,
orchards, edible fungi, livestock and poultry, and aquat-
ic products, taking environmental monitoring and con-
trol, efficient planting and harvesting, and intelligent man-
agement as the main tasks, China has developed:

- technologies such as standardized seedling cultiva-
tion for leaf vegetables, root vegetables, and solanaceous
vegetables, seedbed finishing, precise seeding and high-
speed planting;

- vegetable precise planting, high-speed planting, in-
tegrated water and fertilizer application, and combined
harvesting equipment for carrots, cabbage, and brassica
chinensis;

- deep fertilization, targeted variable plant protection,
and grafting, bagging, harvesting, pruning and other equip-
ment for lean production in orchards;

- high-efficiency and energy-saving facilities, fine en-
vironmental regulation, and nutrient coupling supply tech-
nologies, as well as intelligent equipment for light, tem-
perature and humidity control, seedling cultivation and
planting, seedbed space transport, and robot inspection
and harvesting based on the growth characteristics of fa-
cility vegetables and edible fungi;

- equipment for precise control of the housing envi-
ronment, personalized precise feeding, health identifica-
tion and automatic milking, epidemic prevention and dis-
infection robots, and complete isolation and bio-safety
disposal of sick and dead animals, and the intelligent con-
trol system for integrated animal and poultry breeding
has realized large-scale application [8].

China has developed technologies such as water qual-
ity and environment online inspection and control, aquat-
ic animal feeding behavior identification, and researched
and developed intelligent precision feeding, mechanized
low-loss fish classification, and the intelligent manage-
ment and control system of facility aquaculture has been
put into application.

Intelligent technical equipment for agricultural
products processing

China has developed vibration cleaning, ultrasonic
mixed flow cleaning, differential pressure pre-cooling,
high-efficiency physical sterilization technologies on ag-
ricultural products, and developed low-loss cleaning and
quality-preserving equipment for leafy vegetables, pota-
toes, camellia seeds, and walnuts. China has developed
high-moisture multi-structure drying technology, quali-
ty-based drying coupling control, drying heat recovery
and utilization, and developed high-efficiency and ener-
gy-saving drying equipment for seeds, fungi, and Chi-
nese medicinal materials. Compared with traditional dry-
ing, the efficiency has been raised by more than 15%, and
the energy consumption has been reduced by over 30%.

China has made breakthrough in real-time non-de-
structive testing of internal and external quality of fruits,
such as high-throughput weight, sugar content, and ap-
pearance, and developed high-precision online weighing
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technologies, complete sets of automated grading equip-
ment for citrus fruits and apples, with single-channel grad-
ing capabilities based on multi-source information over
300/min, with accuracy greater than 95%. China has de-
veloped short-flow cotton cleaning technology, foreign
fiber detection based on spectral imaging, cotton mois-
ture regain online monitoring, and developed intelligent
moisture control, foreign fiber removal, new lint cleaning
and ginning and other cotton upgrading intelligent equip-
ment; developed the digital and intelligent control tech-
nology of tea fixation, flavoring, rolling, shaping and oth-
er processes based on quality evaluation, integrated the
technology of removing and sorting out impurities, and
developed a complete set of tea refining and processing
equipment. The fresh leaf processing capacity is more
than 400 kg/h.

China has also developed technologies such as syn-
chronous sanitation inspection, multi-station efficient au-
tomatic peeling, automatic cleaning and disinfection of
livestock carcasses, and precise and automatic online seg-
mentation of poultry; developed a complete set of equip-
ment for slaughter of cattle and sheep and poultry prod-
uct segmentation. The automatic segmentation capacity
of poultry is more than 6000 per hour. China has devel-
oped fish and shrimp identification, directional transpor-
tation, detection and classification technologies, and de-
veloped a complete set of equipment for automatic shrimp
peeling and grading, and fish descaling and impurity re-
moval. The processing efficiency of the shrimp peeling
equipment reached 450 kg/h. China has developed tech-
nologies such as quality monitoring, multi-source infor-
mation collection and control, environment regulation in
storage and logistics distribution, and developed a quali-
ty control system for livestock, poultry and aquatic prod-
ucts for cold storage, refrigerated trucks, and refrigerat-
ed shelves, reducing the loss rate by more than 5%.

Situation and demand for future development

Green, intelligence, and ubiquitousness have become
the main characteristics of technological development. In
recent years and for some time to come, the penetration
and integration of artificial intelligence, big data, Inter-
net of Things, 5G, and biotechnology is triggering a new
round of technological changes in agricultural equipment.
Agricultural equipment technology has moved from the
mechanization stage where machinery replaces human
and animal power to the automation stage based on elec-
tronic control technology, and enters a new stage of intel-
ligence centered on information technology. It is devel-
oping in the direction of autonomous intelligence with ar-
tificial intelligence technology as the core, showing the
trend of high efficiency, modernization, intelligence, net-
working and greening [9-10].

Cross integration, extension and expansion have be-
come the main direction of technological innovation. The
development of modern agricultural equipment and tech-
nology is facing the new situation and new opportunities
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in global agricultural transformation and the new chal-
lenges of global food security and climate change. It is
necessary to promote multi-field and multi-industry col-
laborative innovation, continuously integrate biology,
agronomy, and engineering technology, and highly inte-
grate advanced manufacturing and information, new ma-
terials, new energy, to promote the systematization of
soil-animals and plants-machines, the coordination of re-
sources and the environment, the integration of agricul-
tural machinery and agronomy, the joint development of
equipment and information, to realize transformation of
modern agriculture to precise control, equipment intelli-
gence, lean production, green and efficient intelligent pro-
duction.

The new generation of intelligent agricultural equip-
ment industry is the main goal of technological develop-
ment. Facing the new demands and new focus in transfor-
mation and upgrading of agricultural equipment indus-
try, the rapid development of intelligent agriculture, and
division and coordination of labor in international indus-
tries, technological innovation of China’s agricultural
equipment must be guided by the promotion of compre-
hensive agricultural mechanization and intelligent pro-
duction and application, taking leading, supporting and
cultivating emergent industry as the core task, China
strives to promote the innovation of key core technologies
in informatization and intelligentization and make up for
the technical weaknesses in operation efficiency, loss con-
trol, water and fertilizer application control, and contin-
uously strengthen the foundation, expand the field, ex-
tend the chain, improve the level, so as to improve the
modernization of the industrial chain and build the new
ecology for industrial development.

Innovation goals

Developing intelligent agricultural equipment is a stra-
tegic focus for China to realize rural revitalization, agri-
cultural and rural modernization. China plans to make an
overall planning of the innovation chain from application
foundation to application demonstration, as well as the in-
dustrial chain of R&D, design, manufacturing, and ser-
vice, and the entire agricultural and rural chain of grain
economics and feeding, planting, breeding and process-
ing, production and ecological life, with integration be-
tween agricultural machinery and agronomy, equipment
and information, manufacturing and services, and pro-
duction and ecology as the main paths. Guided by such
goals,

China will strengthen achievement orientation, pro-
mote international scientific and technological innovation
cooperation, and develop a new generation of intelligent
agricultural equipment technology and products, to make
China’s contribution to global agricultural development.

RESEARCH DIRECTIONS

1. Application foundation and cutting-edge technolo-
gy. Focusing on the trends and needs of smart equipment,
smart manufacturing, smart production and smart ser-
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vices, China aims to strengthen basic and cutting-edge
technology research, such as fine control of individual an-
imals and plants, structured environment construction of
working conditions, sensing and control, autonomous and
collaborative operations, robots and smart design appli-
cations, and explore the precise control mechanism of wa-
ter, fertilizer, seed medicine and light, heat, and animal
physiological behaviors and the environment, as well as
the interaction mechanism of technological equipment,
and the mechanism of human-computer-things integra-
tion in the operation process, and develop new mecha-
nisms for cultivation and harvesting, new materials and
agricultural sensors, high-efficiency drives, transmission
and other key components, research and development en-
vironment and animal and plant growth inspection, pro-
cess management, product collection and other operating
robots, to form mechanized and intelligent technology
system suitable for production scale and mode with the
functions of information perception, quantitative deci-
sion-making, intelligent production and precise invest-
ment [10].

2. Technology research and development for major
equipment. Focusing on improving efficient, intelligent
and green agricultural equipment, China aims to develop
multi-functional land preparation and efficient precision
planting, fertilization, seeding, pesticide application, ir-
rigation, and efficient harvesting of seeds and straws, as
well as precision planting and efficient harvesting of veg-
etables and Chinese medicinal materials, large-scale har-
vesting of oilseeds, cotton, hemp, rubber, sugar cane,
large-scale characteristic forest fruit tea, mulberry shap-
ing and pruning, fertilization and pesticide application,
fine harvesting and other efficient and intelligent opera-
tion equipment for grain and economic crops; develop in-
telligent heavy tractors and intelligent diesel-electric hy-
brid, unmanned driving, electric and new energy agricul-
tural power vehicles; study and develop three-dimension-
al multi-layer high-efficiency facilities, factory-based in-
telligent planting and breeding equipment and facilities
in environmental and energy efficiency control, lean pro-
duction operations and management; study and develop
high-efficiency breeding production equipment in preci-
sion breeding and seed expansion, fine selection and au-
tomatic seedling breeding; develop intelligent grassland
animal husbandry production equipment for grassland
conservation and forage and seed planting, harvesting and
high-quality processing; develop equipment for soil qual-
ity improvement and farmland transformation, agricul-
tural and rural ecological environment restoration and
management, disaster prevention and mitigation, efficient
storage and transportation of agricultural materials, and
emergency production; develop intelligent equipment for
the storage and transportation of agricultural, forestry,
livestock and aquatic products, such as cleaning and grad-
ing, disinfection and sterilization, storage and transpor-
tation, and quality inspection, to form an independent and
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controllable new generation of intelligent agricultural
equipment technology and product system, build the core
competitiveness of the industry, and support the transfor-
mation and upgrading of the industry to mid-to-high end.

3. Agricultural mechanization and intelligent applica-
tion integration. Focusing on the demands of modern ag-
riculture for high-quality, high-efficiency, green ecology
and sustainable development, China will study the effi-
cient, standardized, and green production technology, sup-
porting facilities and systematic modes under character-
istics of different agricultural production areas, agronom-
ic requirements, planting and breeding scales, farming
systems and climate environment, and the efficient mech-
anized production technologies under the new seed breed-
ing conditions and form an overall solution for planting,
breeding, and production mechanization and intelligenti-
zation suitable for different scales, and carry out integrat-
ed research and development of operation equipment in
hilly and mountainous areas, drying and storage mecha-
nization equipment, and mechanized breeding equipment,
mechanized equipment for agricultural and rural waste
disposal and comprehensive utilization; carry out inte-
grated research and development of equipment for laser
leveling, precision seeding, precise pesticide application,
high-efficiency fertilization, integrated water and fertil-
izer, water-saving irrigation, high-efficiency and low-loss
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harvesting, carry out integrated research and development
of equipment for agricultural intelligent, unmanned pro-
duction and processing equipment application, promote
the high-quality, efficient, green and sustainable devel-
opment of modern agriculture.

ConcLusions. Scientific and technological innovation
is the key to achieving a higher level of development in
agriculture. At present and in the years to come, we will
witness continuous breakthroughs in gene editing, big da-
ta, artificial intelligence and extensive integration with
various fields, which will trigger a new round of agricul-
tural production methods, operation modes and industri-
al changes. Agricultural equipment is facing huge oppor-
tunities and challenges. It is necessary to pay more atten-
tion to the collaborative promotion of innovation from a
global scale, with major equipment as the core, informa-
tionization and intelligence as the main line, to promote
the integration of the Internet, Internet of Things, cloud
computing, big data and agricultural machinery equip-
ment and achieve the complementarity of traditional in-
tensive farming and modern equipment, promote the trans-
formation of agricultural development mode, constantly
improve labor productivity, land output rate, resource uti-
lization rate and comprehensive production capacity, and
better guarantee global food supply.
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MHTeﬂHeKTyaHbele TexHoJnormm m pO6OTI/I3I/IpOBaHHbIe MaLUUHbI
Angd Bo3aenbiBaHUA cagoBbiX KyJNbTyp
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®enepallbHBIN HAyYHBIN arpouHskeHepHsbIil neHTp BUM, MockBsa, Poccuiickast @enepanus

Pedepar. [Tokazamu, 4To CyMECTBYIONINE MOAEIH IPOMBIIUICHHBIX POOOTOB HE MOTYT BBIMOJHATH TEXHONOTHYECKHE IPOLIECCHI
yOopku ypoxast 100K, OTMETHIN HEOOXOOUMOCTh Pa3pabOTKH CIEIHUATbHBIX MCIIONMHUTEIBHBIX YCTPONCTB, 3aXBaTHBIX MPHU-
CMOCOONEHHIT ¥ HOBBIX AJITOPUTMOB YIIPABICHUS s cOOpa ypoxas B caoBoicTBe. (Iens uccredosanus) Pa3paborars cucremMy
MHTEIUIEKTYaJIbHOTO YIPABICHHUS IPOMBIIUICHHBIME TEXHONOTHSIMY B CaJI0BOJCTBE U POOOTH3HPOBAHHBIE TEXHUIECKHE CPECTBA
A7ST MOHUTOPHHTA YpOXKaltHOCTH U cOopa 1mnonoB. (Mamepuainvt u memoost) cions30Bani cOBpeMEHHBIE METOIBI KOMITBIOTED-
HOTO MOJICITMPOBAHUS M TIPOTPAMMHUpPOBAHAS. [[pHMEHIIIM METOONOTHIO CHCTEMHOTO aHANH3a, TEOPUI0 UCKYCCTBEHHBIX Hel-
POHHBIX CETeH, pacrio3HaBaHue 00pa3oB, HUMPOBYIO 00pabOTKy CUTHATIOB. Pa3paboTKy mporpaMMHOTo oOecredeH s mporpaMm-
HO-aIMapaTHIX CPEICTB MPOBOIMIN B co0TBeTCTBHH ¢ TpeboBanmsmu ['OCT. Hcmonp3oBanu s361ku mporpammupoBanus C/C++
¢ oubmuotrexoit OpenCV, Python-cpeny pazpabotku Spyder, dpeiimBopk PyTorch u Flask, a Taxxe JavaScript. Pasmetky u3o-
OpakeHuii 171 00y4eHHs HEHPOHHBIX ceTeid mposenn B VGG ImageAnnotator u B Labelbox. TIpy MpOeKTHPOBAHNH OTIEPHPOBAITH
METOJIOM KOHEUHBIX 3JIeMEeHTOB, porpammHoi cpenoit CATIP SolidWorks. (Pezynomamut u 06cyscoenue) Co3nand CHCTEMY HH-
TEIUIEKTYaIbHOTO YIIPaBICHHS IPOMBIIIICHHEIMI TEXHONOTHIMH B Ca/I0BOJCTBE Ha 0a3e MpOrpaMMHO-ANNapaTHOTO KOMILIEKCa
«Arpounrennekr BUMy. Tloka3anu, 4To KOHLEMHIMS CUCTEMBI PEaIU3yeTcs ¢ MOMOLIBIO KOMIIBIOTEPHOH 1 KOMMYHHUKAIIHOHHOH
TEXHHUKH, POOOTHU3UPOBAHHBIX MAIIIKH, TIPOrPAMMHOT0 00eceyeH s s cO0pa, CUCTEMATH3AIMH, AHAIM3a U XPAHCHHUS TAHHBIX.
Omnpenemnm, 9To 3aXBaT aKKypaTHO PUKCUPYET SOJI0KO U HATeKHO YIEPKUBAET ero. Bpems Ha QUKcaInio 110 B 3aBHCHMOCTA
0T pa3mepa cocTasnser 1,5-2,0 cexyH/bl, MaKCHMAaNbHbIE pa3Mepsl Inofa — 85 Ha 80 MUILIUMETPOB, a €r0 MAKCHMAJbHBII BeC —
500 rpammoB. (Bbi600b1) PazpaboTaHHBIl POrpaMMHO-ANIAPATHEIN KOMIUIEKC CUCTEMbI HHTEIIEKTYAIBHOTO YIPABJICHHS MPO-
MBIIUICHHBIMA TEXHOJOTHAMHE «ATponnTeiniekr BM» obecmieunBaet onepatuBHyI0 00padOTKy B peaqbHOM BpeMeHH HH(Op-
MalyH, He0OXOMMMON [T IPOCKTHPOBAHUS MHTEIIIEKTYAIbHBIX arpOTEXHOJIOTHI ¢ IPHMEHEHHEM POOOTH3HPOBAHHBIX MAIINH
¥ CHCTEM HUCKYCCTBEHHOTO HHTEIUICKTA.

KiroueBble c10Ba: HHTEIUIEKTyalbHAs CHCTEMa, POOOTU3UPOBAaHHAS IIaT(opMa, IPOU3BOJCTBEHHAS CHCTEMa « YMHBI cajy,
HEMpOHHAS CETh, MPOTrPAMMHBIN KOMILIEKC, MOHUTOPUHT HACXKIICHUH, pOOOTH3MPOBAHHBIIH cOOpP ypoxKasi.

I 1as nutupoBanusi: Cmupros U.I, Xopt [.0., Kyteipes A.W. MHTENEKTYaTbHBIE TEXHOJIOTHHA U pOOOTHU3HPO-

BaHHBIC MAIIMHBI JJIS1 BO3ACIBIBAHUS CATOBBIX KYIbTYDp / Cenbckoxossiicmaennvie mawunsl u mexunonocuu. 2021.
T. 15. N4. C. 35-41. DOI 10.22314/2073-7599-2021-15-4-35-41.

Intelligent Technologies and Robotic Machines for Garden Crops Cultivation

Igor G. Smirnov, Aleksey 1. Kutyreyv,
Dr.Sc.(Eng.), chief researcher; Ph.D.(Eng.), researcher,
Dmitriy O. Khort, e-mail: alexeykutyrev@gmail.com

Ph.D.(Agr.), leading researcher;
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The existing models of industrial robots cannot perform technological processes of apple harvesting. It is noted that there
is a need for developing special actuators, grippers and new control algorithms for harvesting horticulture products. (Research
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purpose) The research aimed to develop an intelligent control system for horticulture industrial technologies and robotic techniques
for yield monitoring and fruit harvesting. (Materials and methods) The research methodology was based on such modern methods
as computer modeling and programming. In particular, the following methods were applied: systems analysis, artificial neural
networks theory, pattern recognition, digital signal processing. The development of software, hardware and software was carried
out in accordance with the requirements of GOST technical standards. The following programming languages were used: (C /
C++)-based OpenCV library, Spyder Python Development Environment, PyTorch and Flask frameworks, and JavaScript. Image
marking for training neural networks was carried out via VGG ImageAnnotator and in Labelbox. The design process was based on
the finite element method, CAD SolidWorks software environment. (Results and discussion) An intelligent management system for
horticulture industrial technologies has been created based the on the «Agrointellect VIM» hardware and software complex. The
concept of the system is shown to be implemented via computer and communication technology, robotic machines, the software
for collecting, organizing, analyzing and storing data. The gripper proves to fix an apple gently and holds it securely. Depending
on the size, the fruit fixation time is 1.5-2.0 seconds, the fruit maximum size is 85 per 80 millimeters , and its maximum weight
is 500 grams. (Conclusions) The developed intelligent control system for industrial technologies based on «Agrointellect VIM»
hardware and software complex ensures the efficient real-time processing of information necessary for the design of intelligent
agricultural technologies using robotic machines and artificial intelligence systems.

Keywords: intelligent system, robotic platform, smart garden, neural network, software package, plant monitoring, robotic
harvesting.

B For citation: Smirnov I.G., Khort D.O., Kutyrev A.I Intellektual’nye tekhnologii i robotizirovannye mashiny dlya
vozdelyvaniya sadovykh kul’tur [Intelligent technologies and robotic machines for garden crops cultivation].
Sel’skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N4. 35-41 (In Russian). DOI 10.22314/2073-7599-2021-

15-4-35-41.

HPOBOE HAYYHOE COOOIIECTBO pa3padaThiBacT

(byHIaMeHTaNbHbIC TPUHITUITH], METOIBI M TEX-

HOJIOTHH TI0 poOOTH3aIMH TEXHOJIOTHUECKUX
MIPOIIECCOB B CEIBCKOXO3IHCTBEHHOM ITPOU3BOJCTBE (B
TOM YHCIIE CaJI0BOJICTBE), yIelsi BHUMaHUe IU(ppPOBOMY
YIIPaBJIEHUIO IPOAYKIIMOHHBIMU IIPOLECCAMU, MOHUTO-
PUHTY COCTOSIHUSI I PACITO3HABAHUIO OMOIIOTHYECKHUX
00BbEKTOB CHCTEMaMH KOMITbIOTEpHOT0 3peHus. Co3na-
HBI IPEATIOCHUIKH TSI CO3JaHUs U IMHPOKOTO PacIpo-
CTpaHEeHHUs: pOOOTU3MPOBAHHBIX TEXHHUECKUX CPEJCTB!

- MOZYJH KOMITBIOTEPHOTO 3pCHIUS;

- CHCTEMBI KOMITBIOTEPHOTO 3peHU ISl HACHTUH-
Kalluu IJIOA0B U KOOPAMHAT UX PACIIOJIOXKCHUSA IJIA 110~
crexyroniero cbopa ypoxas;

- mporpaMMHoe obecrnieueHue 175 00padboTKu HHPOP-
MaIumy;

- INUPOKUIT BBIOOp OpYAMH U TPpHOOPOB JIJIs OCHAILIIEe-
HUSI MOOMJIBPHOM TEXHUKH C YIETOM TPeOOBaHMM TEXHO-
JIOTHA TPOU3BOACTBA POy KIIHH.

OnHaKko OCHOBHas TPYAHOCTB, C KOTOPOH CTaJIKMBa-
FOTCS pa3paboTYMKH POOOTOB JIJIs CAIOBOJCTBA, — OTCYT-
CTBHE TEXHUYECKUX YCTPOHCTB, CHOCOOHBIX B @aBTOHOM-
HOM PEKUME OCYIIECTBISITh TEXHOJIOTHIECKHE NIEHCTBUS
C BBICOKOW ITPON3BOAUTENBHOCTBIO, B YCIIOBUSAX MHOXKeE-
CTBa M3MEHSIOMINXCS (PAKTOPOB OKPYIKAIOIIETO MPOCT-
paHCTBa (OCBEUICHHOCTD, BIAYKHOCTD IIOYBEI, IEpena bl
TeMIeparyp u 1ip.). B cucreme MexaHH3MPOBaHHOTO MPO-
11ecca BO3AEIBIBAHUSI IUIOAOBHIX U SITOIHBIX KYJIETYP
y0OopKa yporkasi — BaKHBIH 3aBepIIAIOLINH dTall, KOTO-
pBIf TpeOyeT pa3pabOTKHU HOBBIX YIOOHBIX aBTOMATH3HU-
POBaHHBIX TEXHUYECKHX YCTPOHCTB, yCTAHOBJICHHBIX Ha
PoOOTH3UPOBAHHBIE MTAT(HOPMBI, CHOCOOHBIX B aBTOHOM-
HOM PEXUME IIPOBOIUTE NEINKATHEIN cOOp ypoxKasi, fc-
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KJIIOYAIOLUH TPAaBMHUPYEMOCTH TIJI0AOB. B CBsI3M ¢ 3TUM
aKTyallbHa pa3pad0TKa aBTOMAaTH3UPOBAHHBIX YCTPOHCTB
JUTSL CHSITUS TJIOAO0B (PPYyKTOBBIX HACAXKIEHUH C MUHU-
MaJBHBIMU MOBPEXKICHUSIMH I 0€3 HUX Ha BEICOTE JI0
5. CyecTByIouye MOAEIU IPOMBIIIIIEHHBIX POOOTOB
HEBO3MOXXHO HCTIOJIB30BATh IIPU MIOTPY3KE, BHITPY3KE,
COPTHPOBKE U cOOpe ypoxkas s10J10k. B yacTHOCTH, HE0O-
XOIMMO pa3padaThIiBaTh CHICIIMAIbHBIEC HCTIOTHUTENbHBIE
YCTpOICTBa, 3aXBaTHBIE MPUCTIOCOOICHUS ¥ HOBBIE aJl-
TOPUTMBI YIIPABJICHHS MU JJ1s1 cOOpa yposKas MI0A0BBIX
HacaXJIeHUH B TIOJIEBBIX ycloBHAX. TpebdyeTcs ycTaHo-
BHTbH ONITHMAJIEHBIC KOHCTPYKTHBHEIC TAPaMeTPHI yCTPOICTB
chemMa, 000CHOBATh KPUTEPHUH CUCTEMBI YIIPABICHUSI.

LIEnb nccnEfOBAHMSA — pa3paboTKa MpOrpaMMHO-aIl-
MapaTHOrO KOMIIJIEKCA CUCTEMBI HHTEIIEKTYaIbHOTO
YIIpaBJICHUS IIPOMBIIIJICHHBIMU TEXHOJIOTHSMH B CaJI0-
BOJICTBE U POOOTU3UPOBAHHBIX TEXHUUYECKUX CPEACTB
JUISI MOHUTOPUHTA YPOXKaHHOCTH ¥ cOOpa IJI0/I0B B MPO-
HU3BOJCTBEHHOU cucTeEME «YMHBIH caIy.

MATEPMANBI M METOAbI. VICIIOIB30BaHBI COBPEMEH-
HEIC METOJBI KOMITBIOTEPHOTO MOACITUPOBAHUS U TIPO-
IrpaMMHPOBAHHUSI, 2 TAKIKE METOIONIOTUS CHCTEMHOT0 aHa-
JIn3a, TEOPUU UCKYCCTBEHHBIX HEHPOHHBIX CETEH, pac-
MO3HaBaHUs 00pa3oB, HUPPOBOH 0OPaOOTKU CUTHAIOB.
[IporpammHoOe oOecnieueHre MPorpaMMHO-aNIapaTHIX
CpencTB pa3paboTaHO B COOTBETCTBUH C TPEOOBAHUSIMHU
I'OCT 24.103-84, 'OCT 24.104-85, ’'OCT 34.601-90. 3a-
JIEHCTBOBAHBI SI3BIKH MporpaMMupoBanus C/C++ ¢ 6ub-
nuotekoit OpenCV, Python-cpena pa3paboTtku Spyder,
¢dpeiimBopk PyTorch v Flask, a taxxe JavaScript. O6pa-
00TKa HKCIIEPIMEHTATBHBIX JAHHBIX OCYIIECTBIISIIACE C
HOMOIIBIO IIpor paMMHBIX cpeactB PTC Mathcad, Microsoft
Excel, pazmeTka n300paskeHni 1711 00ydeHU s HEHpOH-
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HBIX ceTel mpoBeneHa B VGG ImageAnnotator u B Labelbox.
[Tpu npoekTHpOBaHUH IPUMEHEHBI METOJT KOHEUHBIX dJie-
MeHTOB, mporpammuas cpena CAIIP SolidWorks. Tpu
MIPOBENICHU U PKCIIEPUMEHTaJIbHBIX UCCIIEI0BAHH MOHA-
JOOHUITUCH COBPEMEHHBIE H3MEPHUTEIBHBIC TPHOOPHI, AJICK-
TpoHHBIe TsroBbie Bechl DBK/DBCK-10PM, nopraTus-
HBIH JIIoKeMeTp ARS23, uamepurens BlIaxkHOCTH gmo620,
na3epHblit gansHoMep DISTOX310, meteocTanst imetos 3.3
C KOMIIJIEKTOM JaT4YMUKOB. [[J151 OLleHKH ¥ yTOYHEHU S Ma-
paMeTpOB IEKTPOHHBIX KOMIIOHEHTOB U COOPKH IIJIaT
YIIpaBJICHUS MO3UITHOHIPOBAHIEM U ABIKEHHEM p00O-
TOTEXHUYECKUX CPEACTB UCTIOIH30BaHBI TPOTPAMMHO-AII-
naparusie cpeacta: 3D-npuntep, RTK-cranmus REACH
RS+, ocunnorpadd, mynsrumetp, uaseptop 12B-220B.

PE3YNBTATLI U OBCYXAEHME. B pesynbrare mpose-
JEHHBIX uccienoBanuii B @eaepaibHOM arpoUHKEHEP-
HOM Hay4HOM LeHTpe BUM paszpaborana cucrema uH-
TEJUIEKTYalIbHOTO YIIPaBICHIS IPOMBIIUICHHBIMH TEX-
HOJIOTHSIMU B ca/10BoACTBE «ArponHTeniaekT BUM». Kon-
HETIHS TaHHOH CHCTEMBI peai3yeTCsl ¢ TOMOIIBIO KOM-
MBIOTEPHON U KOMMYHHKALIMOHHON TEXHUKH, POOOTH3H-
POBaHHBIX MaIIHH, IIPOrPAMMHOT0 00eceUeHu s 115 c00-
pa, cucTeMaTu3allly, aHalu3a U XpaHeHus JaHHBIX [1, 2]

(puc. I).

T —

Puc. 1. Cucmema unmennekmyanbHo2o ynpagieHus npoMbluLileH-
HbLMU MEXHONI02UAMU 6 cadosoocmae «Aepounmennexm BHM»
Fig. 1. The system for the intelligent management of industrial
technologies in «Agrointellect VIM» horticulture

D¢ dexTUBHBIC YIIPaBICHUECKUE PEIICHN S IPUHUMA-
IOTCSI HA OCHOBE MHOTOKPHUTEPHATBFHOT0 aHATH3a MHOTO-
MEPHBIX MACCUBOB HH(OPMAIIUHU 00 00BEKTAX IPOU3BO-
CTBEHHOTO ITporiecca (I0YBE, PACTEHUAX,, CEITbX03MAIIIH-
Hax u 11p.). [I[porpaMMHO-anmnapaTHbII KOMILIEKC yIIpaB-
JICHUS arpOTEXHOJOTUAMH « ATporHTeIekT BUM» obec-
nevrBaeT (G poBOil MOHUTOPHHT HaCAXKICHUH, omepa-
THBHBI KOHTPOIb B peajbHOM BpEMEHH HH(POPMAITOH-
HBIX TIOTOKOB, OIIPEIEIISIONINX 0COOEHHOCTH POCTA H CO-
CTOSIHUSI PACTEHUI B KpUTHUYECKHE (a3bl pa3BUTHUA, TIO-
CTYTAOUINX OT PETUCTPUPYIOIINX MPHOOPOB HA OCHOBE
HCKYCCTBEHHOT0 UHTeIIeKTa. [Ipumepom MoxkeT ciy-
KUTh MOOUIIFHOE TIPHJIOKEHHUE, KOTOPOE 0OecIedynBaeT
BO3MOKHOCTH cOOpa TaHHBIX C HACAKICHHH C (POTODHK-
caluei u onpeneJeHueM MEeCTOIOJIOKEHUSI 0O bEKTOB €
TOCJIEeIYIOIIEeH Tepeaadet JaHHbIX Ha cepBep. Cructema
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«ArpounrtennektT BUM» no3BoiseT He TOIBKO OCYIIECT-
BIISITh MOHUTOPHUHT COCTOSIHHS CaJIOBBIX HaCaXICHUM,
HO Y IPOEKTUPOBATH U KOHTPOJIMPOBAThH BHIIIOIHEHNE
TEXHOJIOTMYECKHX MPOLECCOB pOOOTU3NPOBAHHBIMU Ma-
IITHAMU MIPU BO3JICIBIBAHUH CaJIOBBIX KYJIBTYp H yOOp-
K€ yporKas.

B cucremy «Arpounrennext BUM» BkitodeHa pas-
paboTtaHHas poOOTH3MpOBaHHAS TIaTdopma, IpeaHa-
3HaueHHas AJis paboThl B MOCAAKAX: MIJIOOBBIX 1€PEBb-
€B MHTEHCHUBHOT'O TUIIA C IIUPUHON MEXYypsianit 2,5-
4,0 M; KyCTapHUKOBBIX SITOAHUKOB (CMOPOAHHBI) C MEX-
aypsaabsamu 2,5-3,0 M; 3¢MIISTHUKY Cal0BOH B OTKPBITOM
rpyHTe co cxemon mocanku 0,9%0,3 m [3, 4].

IIpennoxeHa KOHCTPYKIHS MIAT(HOPMBI, UMEIOIIas
JIBE XO/10BBIE OCH C OIMHAKOBBIMU 110 pa3Mepy KojlecaMU
U paMoii-kopIycoM napasuienenuneanoi popmesl. B npo-
rpammuoii cpene CAIIP SolidWorks paspaborana 3D-mo-
JIeNTb POOOTU3UPOBAHHOM MaThopmel (puc. 2).

Puc. 2. Hzomempuueckuii 6u0 po6omusuposantotl naameopmoi
Fig. 2. The isometric view of a robotic platform

KoHcTpykTHBHO poOOTH3HpOBaHHAS IAT(HOpMa CO-
CTOUT U3 PaMbl CO CTOMKAMU, SJHEPreTHICCKON YCTAHOB-
KH, 3JICKTPOTPAHCMHUCCHH, OJIOKOB 3JIEKTPOHHOM CHCTe-
MBI yIpaBiieHUs. Ee mpenMyiecTBo 3aKII04aeTcs B HH-
TEJUIEKTYaJIbHOM CHCTEME YIIPABIICHHUS IBHIKCHUEM, SHEP-
TOYCTaHOBKOH H 3JICKTPOTPaHCMHCCHEH. DHeprocpe-
CTBO MOXKET paboTaTh B TPEX PEIKUMAX:

- IUCTaHIIHOHHOE YIIPABICHUE;

- aBTOHOMHBIH — IO DJIEKTPOHHBIM KapTaM MECTHO-
CTH C HCIIOJIb30BaHUEeM curuajioB GPS;

- OECIUIIOTHEIH — € TIOMOIIBI0 MOYJICH MallTHHHOTO
3peHHS.

J17151 BBITIOJTHEHU ST TPYTOEMKHUX OTIepaIliid 10 yOOpKe
IUTOJIOB | SITOJ1 pPa3pab0TaHbl MAaHHUITYJIITOP U MHTEIUIEK-
TyaJIbHas CHCTEMA YIIpaBJIeHHs pOOOTU3UPOBAHHBIM 000-
pyaoBaHueM, 00eCIIeYUBAIONINE ICTUKATHEIN cheM 0e3
HOBpe)KZ[eHI/Iﬁ mjioga mpu pa3jInvHbIX KIUMATUYCCKUX
HapaMeTpax H yCIOBUSIX OCBEIIEHHOCTH, O0€3 yJacTHs 4e-
noBeka [5]. PoboTusupoBaHHOE YCTPOICTBO IpeaHa3Ha-
YEeHO [T IIPOBEICHUS TEXHOJIOT MTIECKOHN onepanuu c6o-
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pa yposkas riofoB s10710H1. MaHUIyISITOp HMeeT 3 cre-
MICHH CBOOOJIBI, IEPEMEIICHIE 3BEHBEB BOBMOXHO KaK B
TOPU30HTABHOM, TAK U BEPTHUKAIBHOM IIIOcKoCTH (puc. 3).

Puc. 3. Pobomusuposannoe ycm-
POUCmME0 ¢ cucmemoll ynpas-
nenus

Fig.3. Robotic device with a con-

trol system

Xapaxmepucmuru poooOmu3upo8aHHo20 YCMpoucmea:

KOJIMYECTBO CTEIEHEN CBOOOIBI 3;
KOJMYECTBO YPOBHEH YT paBICHUS 2;
KOJIMYECTBO YIIPaBJIsIEMbIX 3BEHbECB

(MOABUKHBIX MOJICUCTEM) 3;

BBUIET PYKH, MM

0e3 yueTa 3axBaTa 1400;
C y4eTOM 3axBaTa 1490;
MaKCHMaJlbHas I'Py30I0AbEMHOCTD, T 500;

CKOPOCTh ChE€Ma OJTHOTO 111074, C 15;
SI3BIK IpOorpaMMupoBanus — Python, C++, cpena Arduino
IDE.

HoBu3zHa pa3paboTku 3aKJII04aeTCs B CO3JaHHOM Ha
OCHOBE PEKypPpPEHTHOI HEHPOHHOU ceTH IIyOOKOTro 00-
VYEHUS HHTEJUICKTYaJIbHOM CHcTeMe yIpaBiIeHus [6-9)].

CucreMa HHTEIEKTYalIbHOIO YIIPaBICHUS MaHUITY-
JSATOPOM pazielicHa Ha HECKOIBKO OJIOKOB:

- cTepeonap — OCHOBHAs 4acTh, HAIpaBJIeHHAs Ha B3a-
MMOJICHCTBUE C BHEITHEHN CPEIIOi;

- 3JIEKTPOHHBIN OJIOK YIIpaBICHUS, BKITFOYAFOLIH 1B
Pa3meNbHBIX KOHTYPa YIIpaBIeHNU s, 00yCIOBICHHBIX ITPO-
TPaMMHBIMH U aIllapaTHBIMH 0COOCHHOCTSIMU;

- OJIOK ympaBieHH s TI0JIO)KEHHEM BEPTUKAJILHOW OCH
(cToiikH) pOOOTH3UPOBAHHOTO YCTPOHCTBA;

- GJIOK yTIpaBIIeHHS [TOJIOKEHUEM IIOIbeMHHKa (CTpe-
JIbI) POOOTU3UPOBAHHOTO YCTPONCTBA;

- OJIOK yTIpaBJICHHUS TIOJIOKCHHEM 3aXBarTa.

Pasnnunble ceHCOpHBIE yCTPONCTBA, B YACTHOCTH AaT-
YUKHU 00paTHOM CBS3M U BUICOKAMEPHI, IIepEAar0T COOH-
paeMyro HHGOPMAIIHIO B OOIIYIO MaMATh MAHHUITYJISATO-
pa. DNeKTPOHHBIN OJIOK YIIpaBJICHUS UCTIONIb3yeT HHPOP-
MaIuro npu GopMHPOBAHUHM KOMaH]I Ha TIEpeaavy yrpas-
JSIOMIUX BO3ACHCTBUN UCIIOTHUTEIBHBIM MEXaHU3MAaM.
It oNTUMaNIbHOM CKOPOCTH pacno3HaBaHUs MJI0/I0B
SIOJIOHH U TTOJTy YSHU ST MAKCUMAJIBHON TOYHOCTH PE3YIihb-
TaTa BEIOpaHa CeTMEHTUPYIOIIas HEHPOHHAS CETh TITy-
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60okoro o0yuenus [10-14]. [Ipuamun paboTH Takoi
HEeWPOCEeTH 3aKJIF0YaeTCs B pa3/ielIeHuH (CerMeHTHPOBa-
HUH) aHATU3UPYEMOi GoTorpaduu Ha KJIacChl U BhIJIC-
JICHUH KOHKPETHBIX 00BEKTOB (IIOPaXXCHHBIH 00IEe3HBIO
Y4acToOK, s10JI0K0, BETKA U T.11.). Ha mepBoM 3Tarne aHanu-
3a HepOHHAs CeTh IPOBEPsCT H300paKCHUE HA HATNIHE
HCKOMOT0 00BEKTA U BBIIIENISET ero B paMKy. Ha BTopom—
OTIpeNeNsIeT €r0 TOYHBIE TPaHUIIBl. /ISl ToncKa u3BecT-
HBIX 3aBUCUMOCTEH (OTIIMYUTEIBHBIX 0COOCHHOCTEH K
3aKOHOMEPHOCTEH NCKOMOTO 00BhEKTa Ha KapTHHKE) UC-
MOJB3YIOTCS aJITOPUTMEI ITONIArOBOI0 YMEHBIICHHS Ka-
9YEeCTBA H300PAXKCHHUS.

Jlns oOy4ueHuss HSHPOHHOU CETH, YCTOWYNBOU K H3-
MEHSIOIIMMCS KITUMATHYECKUM YCIIOBHSIM, IPHMECHEHBI
W3BECTHBIC AITOPUTMBI PACIIHPEHIS 00y IarOIIer0 MHO-
JKeCTBA HCKAXXCHHBIMU BapUaHTaMHK U300pakeHu  (ayr-
MeHTanuei) oubnuorexu Python imgaug 0.3.0. (cnBuTH,
HEeOOJBIITNE MOBOPOTHI, TAYCCOBO Pa3MBITHE, IIyM) [14-
16]. CornacHo MeTOMKE Pa3METKH JAHHBIX MOYKHO BbI-
JIENSATh He0OX0IMMbIe 00BEKTHI Ha H300paKCHUH | ITPH-
CBauBaTh Ka)KJI0M OrpaHUYUBAIOIEH PaMKe HY >KHBIN
knacc [17]. J1yst IOATOTOBKY BBIOOPKH ISt OOyUYCHUS B
MIEPBOM ITOAXOJIE PELIHIIN Pa3ACIUTh SIOJIOKH Ha JIBA KJIAc-
ca — s10;70K0 ¥ OH — U cenaTh pa3MeTKy (doTorpaduii.
J1s1 TOT0 BEIOpATH IPOrpaMMy € OTKPBITHIM HCXOITHEIM
kofoM VGG Image Annotator. OHa I03BONINIIA TOTYYUTh
KOHTYD BBIJICTICHHBIX SIOJIOK U KJIacCUPUIINPOBATE MX KaK
sI6JI0OKH, YTO HEOOXOIUMO B Ipolecce o0ydeHus, ¢ co-
XpaHEHHEM PEe3yJIbTaTOB BhIICIEHUs B (haitsie hopmara
JSON (puc. 4) [18-21].

Puc. 4. llpoyecc pasmemku 0anHbIX U 8blO€IEHUS KI1ACCO8 U300pa-
acenus 6 VGG Image Annotator

Fig.4. The process of data markup and highlighting image classes
in VGG Image Annotator

Pa3paboTaHa u HcIibITaHA TECT-CHCTEMa cOopa 00b-
E€MHOT0 JaTaceTa — MeXaHu3Ma XpaHeHUsT HHPOPMAaIIHH,
KOTOPBIH MPEAOCTABIISIET OBICTPHIM JOCTYH K OOJIBIINM
o6beMaM naHHbIX. C momonisio kamep Go-Pro HERO-8
cobpaHn garacet niig o0yueHus HeiipoceTH. JlaHHBIN Me-
TOJI TTO3BOJIHIT TIOJTYYUTh 00beMHOE N300paKeHUE TLIO0-
JIOB C pa3HBIX paKypcoB. ONpeaeneHbl pacCTOSHUS IS
creMok (0,2; 0,5 u 1 M) ¢ pakypcoB, KOTOpPBIEC TEPEKPHI-
BaroT 1pyr npyra. [Ipoenena cremka 6omee 25000 ¢o-
Torpaduii 3aJTaHHBIX KJIaccoB s1010K. Bce koopauHaTh! u
METKH CO3JITaHHBIX PaMOK JUIS Kaxa0i Gororpaduun co-
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XpaHsoTcs B oTaeabHoM XML daiine. [Tocne o6paboT-
KM ¥ pa3MeTkH oTorpaduii moaroTaBIMBaeTCs qaTacet
¢ pasnenenueM Beex Gororpaduii u paitioB MeTok Ha 00-
YHaIOIYI0 B TECTOBYIO BBIOOPKY. [yt 00yueHns mozne-
JIN MICTIOJIB30BAHBI OMONMOTEKH MAITMHHOT'O 00y YeHNU I
TensorFlow Object Detection API, 6MOINOTEKN BBIYKC-
nenust Ha GPU, 6ubianoTexu paboTsl ¢ H300paKEHUSIMH
u rpadukamu. OTCHATHIA HAOOP TAaHHBIX, AATACET, CTPYII-
MMPOBaH paBHOMEPHO 110 Ki1accaM. Ero MoxkHO yBenu-
YUTH C IOMOIIBIO psia CIIy4aiHBIX TPE0Opa30BaHUM,
9TOOBI MOJIENTh HUKOT/IA He yBH/IeJa IIOBTOPSIONIeecs H30-
OpaxeHue.

[Tocrne pa3MeTkH 010K BHIOOPKY pa3leiviiId Ha Tpe-
HHUPOBOYHYIO U TECTOBYIO B cooTHomeHuu 80 u 20%.
TpeHupoBoYHas MpeHA3HAYEHA JJIs1 00y YSHUS HeWpPOCeTH,
aTecToBas — 1JIs MpoBepKH. Kax1as U3 Macok nmpeacTras-
nseT coboit KapTUHKY popmara PNG ¢ pa3MeTKoii, Ha KO-
TOpOii muKcenu 6e3 s107I0ka N300pakeHbI YSPHEIM IIBeE-
TOM, a TUKCEJIH, IPUHAJIeKAIUE OJJHOMY IJIOAY, IIOMe-
YEHBI 110 KOHTYPY 1 3aKPaIIeHE JPyTHM IIBETOM (puc. 5).

Puc. 5. Ilpeobpasosanue pasmemxu popmama JSON 6 bumogvie
Macku
Fig.5. Converting JSON-based markup to bitmasks

PesynbraToMm paboThl pa3paboTaHHOW HEHPOHHOH Ce-
TH CTalla CHCTeMa MOHUTOPHHTA KOJIMYECTBA IIOJI0B U
TOYHBIE KOOPJMHATHI PACIIONOKEHHU T KAXKJOT0 M3 HIX HA
KpoHe nepesa (puc. 6).

Puc. 6. Pesynomamul udenmu-
Guxayuu n1o0oe 610U U Ux
KOOpOUHAmM Ha KpoHe 0epesa

Fig. 6. Results of apple fruits
identification and their coor-

dinates on the tree crown

[IpoBeneno nojesoe TecTUpoOBaHUE POOOTU3UPOBAH-
HOH T1aT(hOPMBI C HHTEIICKTYaJIbHON CHCTEMOM yIIpaB-
JIEHUS 1 MAHUITYJIATOPOM C UCIIOJIHUTENbHBIM MEXaHU3-
MOM JIETUKATHOTO 3aXBaTa mioaa (puc. 7).

[Ipu BEITIOTHEHUY TEXHOJIOTHYECKOH orepanuu c6o-
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Puc. 7. [lonesoe mecmuposanue pobomuzupo8anHoco Manunyis-
mopa na YPIT
Rice. 7. URP manipulator field testing

pa IJI0JIOB B MOJIEBBIX YCIOBUAX POOOT-MaHUMTYJISTOP
CPBIBACT IIJIOM U MIEPEMEIIAET €T0 B TAPy JJIS XPaHEHHUS.
Ecnu 3axBaT HE CMOXET TOYHO 3a(PUKCHPOBATH MOMEHT
CPBIBA IJIOJIA, TO OH MPOAOJIKUT TSAHYTH IO MOCIIE €ro
oTpbiBa. Hanuuue B cucteMe naTyuka cpblBa M0/ MO-
3BOJIUT COKPATUTh BpeMs cOopa BCIEICTBUE UCKITIOYE-
HUS JTUIIHUX JBUKEHUH MaHUIyIsTOpa. B MOMEHT, Kor-
Jla TII00OHOXKA OTCOEIMHMUIIACh OT BETKH, 3aXBart MOJIYy-
4aeT pe3Koe YCKOPEHHUE B CTOPOHY OTPhIBA IJI0Aa. DTO
pe3Koe YCKOpEeHHe U OyAeT MOKa3bIBaTh MOMEHT OTPBIBA
MJI04a OT BeTKU. [IJIsl perucTpaluu JaHHOTO YCKOPEHU S
MIPUMEHEH JaTYUK — TpexoceBor akcenepomeTp ST
Microelectronics LIS33IDLHTR (HanpskeHUE MUTaHUS
1,5-3,6 B, Tun unTepdeiica i2c, spi, 9yBCTBUTEIBHOCTh
0,1 m/c?).

B xauecTBe UCIIOTHUTEIHHOTO MEXaHU3MA 3aXBaTa
BBIOpaJI TMHEHHBIH 1IarOBBIH akTyaTop Nema 18, ume-
IOLUH CIENYIOIINE MexHUYecKue XapaKmepucmuKu:
Macca, T 80;
JUTMHHA IITOKA, MM 110;
MaKCHMallbHas CKOPOCTh X0/1a IITOKa, MM/C 4;

TOYHOCTH IMMO3UITUOHUPOBAHU S, MM 0,001;
HOMMHAJIBHOE HAIPsIKEHHE TUTaHud, B 4,2;
MaKCHMAaIIbHBIN MOTPeOIseMbIi TOK, A 0,5.

CornacHo BBIYMCIECHHBIM Harpy3KaM IIPOBEIH MIPOy-
HOCTHOM pacueT. YCTaHOBUIIH, YTO HArPy3KH HE MPEBbI-
MIAOT JOIIYCTUMBIE, 3amac NpogHocTH — 6ostee 15 Mlla.
MakcuMalibHasi Harpy3Ka Ha JIallbl 3aXBaTa COCTaBISCT
9,3 MIla, makcumanenas aepopmanus — 0,3 mm. UuTen-
JeKTyaJIbHas CUCTEMA yIIPaBJICHUs 000pYJOBaHHEM PO-
0OTH3UPOBAHHOTO YCTPOUCTBA JIJIS CheMa IIJIOA0B CIO-
cO0Ha OMpeeIuTh MOMEHT CPBIBA I1J10/1a C MJIOOHOKKH,
a TaK)Ke KOHTPOJIUPOBATh CTEIICHb JaBIICHH JIall 3aXBa-
Ta Ha Hero. B pe3ynbTrare mpoBeeHHON ceprun dKCIepH-
MEHTOB IOJITBEPKIeHa PabOTOCIIOCOOHOCTH 3aXBaTa, OH
AKKypaTHO QUKCUPYET IO U HAZISKHO YACPKUBAET €T0.
Bpemst Ha 3axBar s10;10ka B 3aBUCUMOCTH OT pa3Mepa co-
craiseT 1,5-2,0 ¢, MaKCHMaITbHbIC pa3Mephl 3aXBaThIBA-
eMoro maoja — 85%80 MM, a ero MmakcuMaibHbBINM Bec— S00T.

BbiBoabl. [IporpaMMHO-anmapaTHbI KOMILIEKC CHC-
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TEMbI HHTEJICKTYaJIbHOTO YIIPABICHHS TPOMBIIIICHHbI-
MU TEXHOJIOTHSIMH B CaI0BOJICTBE « ArponHTeiekt BUM»
obecrieurBaeT oNepaTUBHY0 00pabOTKY B peajbHOM Bpe-
MeHU MH(opManuu, HeoOOXOAUMOU I TPOSKTHPOBAHUS
HUHTEJIJICKTYaJIbHBIX anOTeXHOJ’IOI‘I/Iﬁ C IPUMCHCHUEM PO-
0OTH3MPOBAHHBIX MAIINH K CUCTEM HCKYCCTBEHHOTO HH-
teqiekta. CucremMa no3BoJsieT He TOJIBKO OCYILECTBIATh
MOHHTOPHUHT COCTOSIHHUS Ca0BbIX HACAXIECHHH, HO U TIPO-
EKTUPOBATh U KOHTPOJIHPOBATH BHIIOIIHEHHUE TEXHOJIOT H-

POCCUINCKUA CUMMNO3NYM

SINO-RUSSIAN SYMPOSIUM

YeCKUX IPOLECcCOB POOOTH3NPOBAHHBIMI MAITMHAMH MTPH
BO3/ICNIBIBAHUU U YOOPKE CaJJOBBIX KYJIBTYP.

JIns1 BBITIOJTHEHU S TPYIOEMKHX OTIEPAIlHid TI0 YOOpKe
IIJIOZIOB U SIT0J] pa3paboTaHbl pOOOTU3UPOBAHHAS TIJIAT-
(dhopMa, MAaHUTTYJIATOP U HMHTEIUICKTYaIbHAs CHCTEMA
yIpaBlieHHs pOOOTH3HPOBAHHEIM 000pyJOBAaHUEM, 00€-
CIICYUBAIOIINE ICTUKATHBIN cheM 0e3 MOBPEKICHUH T110-
Jla IpH pa3IudHbIX KJIMMaTHUECKUX ITapaMeTpax U yc-
JIOBUSIX OCBELIEHHOCTH, 0€3 y4acTHs YeloBeKa.
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Pedepart. [Tokazanm Bo3MOKHOCTE ONEPATHBHOTO cOOpa aKTyanbHON HHPOPMAINH O COCTOSIHUU CENbCKOXO3SHCTBEHHBIX YIOIUH
C TIOMOIIBIO OECTIHIOTHOTO BO3AYIIHOTO CyfAHA. OTMETHIIH, YTO HCIIOMb30BAHNE HA3EMHBIX OTNOPHBIX TOUEK MOBBIIAET TOYHOCTH
M3MEPEHUN B TPOEKTE, TIOMOTAET CPABHUTH PE3yIIBTATHl MOCTOOPAOOTKH MPOEKTA ¢ PeabHEIMA H3MEpeHUIMIL. (Llenv ucciedo-
ganus) CpaBHUTD Pe3yNbTaThl CTAHJAPTHON M BHICOKOTOYHOH MOCTOOPaOOTKM JAHHBIX a3pO(OTOCHEMKHU C HCMONb30BAHUEM Ha-
3eMHBIX ONOPHBIX Touek. (Mamepuane u memoowt) IlpoBenu a3pooTOCHEMKY Ha CEIEKIMOHHOM IT0JIe TUIomanpio 1,1 rexrapa.
Hcnonp3oBanu GecmimiotHoe Bo3aymHoe cynHo DJI Matrice 200 v2 ¢ mpuemankoM GNSS L1/L2 u MomuduIupoBaHHON Kame-
poit DJI X4S, narb omopHsIX Todek pasmepoM 50 X 50 caHTUMETpOB U MyIsTU4AcTOTHBIH GNSS-npuemuux EMLID Reach RS2.
W3yumim pe3ynbTaThl HayqIHBIX UCCIENOBAHMH 10 IPHMEHEHHIO HA3eMHEIX ONOPHEIX TOYEK MPHU TPOBEACHHH a3p0(OTOCHEMKH.
(Pesynvomamut u 06cysmcoerue) ONpeneiin, 4To TOrPEIIHOCTb TeONPUBI3KH H300paKeHUH, MOTYYEHHBIX TOCPEICTBOM OECIIHIIOT-
HOTO BO3AYIIHOTO CyIHA, 0€3 OMOPHBIX TOYEK 3HAYMTEIHHO BBIIIE TIPU CTAHAAPTHON 00paboTKe JTaHHEIX IO CPABHEHHUIO C BBICOKO-
TOYHOH. [lorpemnocTs MpoeKTa Iy NPUMEHEHHH TISTH OOPHBIX TOYEK BBIIIE B 3,9 pa3a Ui cTaHIAPTHON 00pabOTKH JaHHBIX.
(Bvi6oowr) Tlokazaiy, 4T0 ¢ TIOMOIIBI0 HA3EMHBIX OMOPHBIX TOYEK MOKHO IIOBBICHTH TOYHOCTH M3MEPEHHIl B IIPOEKTE, a TAKKe
CPaBHHUTB PE3YIBTATHI €T0 MOCTOOPAOOTKY ¢ M3MEPEHISAMHI Ha MECTHOCTH. OTIpEIeNIHIN, YTO BEICOKOTOYHBIA MOHIUTOPHHT TO3BO-
JeT 00OUTHCh MEHBIIMM KOTMYECTBOM HA3EMHBIX OMIOPHBIX TOUEK. BBISBIIIN, 4TO IS MOTYYeHUS JAHHBIX C TOYHOCTBIO 2-4 CaH-
THAMETpa B IUTAHE ¥ 110 BEICOTE MIPU BEICOKOTOYHOH MOCTOOpaOOTKE HYKHO HCIIONB30BATh HE MEHEe 3 HA3eMHBIX OMOPHBIX TOUCK.
KaroueBnle c10Ba: mudpoBoe 3emienenue, JUCTAHIMOHHOE 30HANPOBaHHE, OECIUIOTHOE BO3AYIIHOE CYIHO, HA3EMHBIE KOH-
TPOJBHEIC TOYKH, OTIOPHBIC TOUKH, BEICOKOTOYHAS a3pO(OTOCHEMKA.

(IR nutuposanus: Kypbanos P.K., 3axaposa H.U., ['opuikos [I.M. [loBbImeHIE TOYHOCTH a3pO(HOTOCHEMKH C

MPUMEHEHHEM Ha3eMHBIX KOHTPOJIbHBIX Touek // Cenbckoxossiicmeenuvie mawunsl u mexuonoeuu. 2021. T. 15. N4.
C. 42-47. DOI 10.22314/2073-7599-2021-15-4-42-47.

Improving the Accuracy of Aerial Photography Using Ground Control Points

Rashid K. Kurbanoyv, Dmitriy M. Gorshkov,
Ph.D.(Eng.), leading researcher; junior researcher,
Natalia I. Zakharova, e-mail: smedia@vim.ru

postgraduate student, junior researcher;
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The authors showed that it is possible to quickly collect up-to-date information on the agricultural land condition using
an unmanned aerial vehicle. It was noted that the use of ground control points increases the accuracy of project measurements,
helps to compare the project post-processing results with the real measurements. (Research purpose) To compare the results of
standard and high-precision post-processing of aerial survey data using ground control points. (Materials and methods) Aerial
photography was carried out on a 1.1- hectare breeding field. The authors used DJI Matrice 200 v2 unmanned aerial vehicle with
a GNSS L1/L2 receiver and a modified DJI X4S camera, five control points sized 50 x 50 centimeters and an EMLID Reach RS2
multi-frequency GNSS receiver. The results of scientific research into the use of ground control points during aerial photography
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were studied. (Results and discussion) It was found out that the error of georeferencing images obtained by an unmanned aerial
vehicle without control points is significantly higher during the standard data processing compared to the high-precision one. The
project error when using five control points is 3.9 times higher during the standard data processing. (Conclusions) It was shown
that using ground control points it is possible to improve the project measurement accuracy, as well as compare the project post-
processing results with the measurements on the ground. It was detected that the high-precision monitoring enables the use of
fewer ground control points. It was found out that in order to obtain data with the accuracy of 2-4 centimeters in plan and height,
at least 3 ground control points need to be used during the high-precision post-processing.

Keywords: digital farming, remote sensing, unmanned aerial vehicle, ground control points, high-precision aerial photography.

B For citation: Kurbanov R K., Zakharova N.1., Gorshkov D.M. Povyshenie tochnosti acrofotosemki s primeneniem
nazemnykh kontrol’nykh tochek [Improving the accuracy of aerial photography using ground control points].
Sel’skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N4. 42-47 (In Russian). DOI 10.22314/2073-7599-2021-
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ecriusioTHEIe Bo3ayinHbie cyna (BBC) npencras-

JSAI0T COOOW YHUBEPCATBHBINA HHCTPYMEHT B ITH(D-

POBOM CEIBCKOM XO3SICTBE IJIs1 OIIEPATUBHOTO
cOopa akTyanpHOI nHpOpManuu [1-5].

TexHOIOTHYECKUN MPOIEecC MOHUTOPUHTA CEIbCKO-
XO3SICTBEHHBIX YTOIMI HAYMHACTCS CO cOOpa TaHHBIX C
nomoiisio bBC u HaBecHOro 060pyA0BaHus (MyIbTH-
CIIEKTPaIBbHBIX, TEPMAIBHBIX M THIEPCIEKTPATBHBIX Ka-
Mephl) [6-10]. YcrioBHO BCe onepanyii MOXKHO pa3OuTh Ha
4 rpynmnst:

- cOOp TaHHBIX;

- KOHBEPTAI[Us U MOITOTOBKA JAHHBIX;

- 00paboTka u nemmdpanus JaHHBIX;

- CO3JaHHE PEKOMEH AN .

CoOpaHHbIe JaHHBIC MTOATOTABIUBAIOTCS K 00paboT-
K€ ¥ aHAJIH3Y, Ha OCHOBE KOTOPBIX (POPMUPYIOTCS pEKO-
MEH/IAIUH.

3HAYUTEIHHYIO POJb B BRIPAOOTKE PEKOMEHIAIIAI
UTpaeT TOYHOCTh U3MepeHuil. UToOBI e MOBBICHTD, Ha-
3eMHbBIE KOHTPOJIbHBIE HITH oNIOpHBIE ToukH (GCP — Gro-
und Control Points) IpUMEHSIOTCS KaK CTaHIAPTHAS 4ACTh
pabouero mporuecca moctobpadotku [11]. OnopHas Tou-
Ka— OI0O3HAHHAs HAa CHUMKE KOHTYpHas TOUKa 00bEKTa,
KOOPJIUHATHI KOTOPO#! MOy YEHBI B PE3YJIbTaTe T'e0Ie3H-
YeCKUX U3MepeHni. B Buie OMOPHBIX TOYEK 1Ieeco-
00pa3HO UCIIOJIB30BATh MUIIICHH, NX KOIUYECTBO 3aBH-
CHUT OT CJIOKHOCTH | Iuiomaau peiabeda. Yem Gospie
IJIOIIAb U CIOKHEE penbed, TeM OOJIbIIe OIMTOPHBIX TO-
4yek HeoOxonumo. HazeMHbIe KOHTPOJIBHBIC TOUKH pa3-
MEMIAI0T Ha MOJIe TIepe]] OCYIIECTBIICHHEM a3podoTO-
cbeMKH. OHH HCIIOTIB3YIOTCS JJIsI HOBBIIMICHUS KA4eCTBA
JAHHBIX, TTOJyYaeMbIX TIOcie 00pabOTKH, U IS MTPOBe-
JICHUsI OIICHKY TOYHOCTH n3MepeHui [12-13].

LIEnb MCCNEQOBAHUS — CpaBHEHHE PE3YIILTATOR
CTaHJapTHOU M BEICOKOTOYHON OCTOOPAOOTKH MPOEKTA
C HA3eMHBIMH OITOPHBIMU TOUYKAMH.

MATEPHANBI N METOABI. ccnenoBanue mpoOBOAHIN
Ha CEJIEKIIMOHHOM 1oJie KapTodens miomaaso 1,1 ra B
denepabHOM HCCIIEA0BATEIIECKOM EHTPE KapTodes
umenu A.T" Jlopxa.

B kauecTBe muaTgopMbl HCIIOIB30BATH KBAIPOKOII-
tep DJI Matrice 200 v2 ¢ ycTaHOBJICHHBIM IPUEMHHKOM

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

GNSS L1/L2[14]. JIpoH ¢ mbljie- | BJIaro3aniuTon croco-
0€H OCyLIEeCTBIATH MOJETHI IPH CKOPOCTH BeTpa 10 20 M/c,
YTO aKTyaJIbHO IMpH paboTe B MoJie Ha OTKPBITOH MeCT-
HoctH [15-16].

Anmnapat ocHaleH MoaupuInpoBaHHON Kamepoit DJI
X4S 20Mp (5472 x 3648) ¢ TpeXOCEBBIM CTA0HIIA3aTOPOM.
[oneTs! OCyIIECTBIISIIUCE C TOMOILBbI0 MOOUIIBHOTO MTPH-
noxkerust DJI Pilot.

Jlnst monmy4eHust BRICOKOTOYHBIX JaHHBIX HUCTIOIb30-
BaJIM MYJIBTHYACTOTHBIN GNSS-npuemauk EMLID Reach
RS2. TlogkmroueHre TPOUCXOIUIIO K 0a30BOM CTAaHIIHU
MCK-3, pacnonoxeHHOi Ha pacCTOSSHUHU MEHee 25 KM

(puc. 1).

Puc. 1. [Inamgpopmennoe pewienue 015 8blCOKOMOUHO20 MOHUMO-

PUH2a CeNbCKOX03ANUCMEEHHBIX NOoJell (Cleed Hanpago): becnuiom-
Hoe 8030ywiHoe cyono DJI Matrice 200 v2 ¢ GNSS-npuemnurom,
KoHmpoabHaa mouka, mynemuyacmomuwiii GNSS-npuemnux EMLID
Reach RS2 na mpenoze

Fig. 1. Platform solution for agricultural field high-precision
monitoring (from left to right): DJI Matrice 200 v2 unmanned
aerial vehicle with GNSS receiver, control point, EMLID Reach
RS2 multi-frequency GNSS receiver on a tripod

Jy1si mpoBEepKH TOYHOCTH JJAHHBIX UCTIOJIb30BAJH TSI Th
KOHTPOJIbHBIX TOUEK pazmMepoM 50 x 50 cM, pacroyioxKeH-
HBIX C YYETOM IepenanoB BeICOT (puc. 2) [17]. Ux Tou-
HBIE KOOPIIHHATHI 3a()UKCUPOBAHEI C TOMOIIBIO MYJIETH-
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Puc. 2. Pacnonogicenue onoprvlx mouexk Ha kapme
Fig. 2. The control points’ location on the map

YaCTOTHOI'O reo/ie3nueckoro npueMunka EMLID Reach
RS2 B pexxume Survey. Bce koopauHaThl 3al1UChIBAIUCh
B COOTBETCTBUU C BCEMHPHOH CHCTEMOH I'€0Ie3NIECKIX
napameTpoB 3emiu 1984 1. (WGS 84).

doTorpammeTprudeckas 00padoTKa JaHHBIX OCYIIeCT-
BIIsLIACh B IporpaMMHoOM obecnieueHuu Pix4DMapper.
s 00paboTKU rgh-TaHHBIX UCTIOIB30BaIH MabaoH 3D
Maps.

151 06paboTKH BEICOKOTOYHBIX IaHHBIX 3aJIEHCTBO-
Basu iporpammy TopoSetter 2 pro. OHa yYUTHIBAET BEI-
COKOTOYHBIE KOOPAMHATEHI, TOTyYeHHBIE ¢ 6a30BOM CTaH-
uu U GNSS-antennsl. TopoSetter 2 pro ciocoOHa 3ame-
HHUTh HaBUTaLlMOHHBIE KOOpAUHATHI B EX/F-Terax nso-
OpaxeHU i Ha BBICOKOTOYHBIE.

Kasxmast 13 OImOpHBIX TOYEK Ha ITOM JTAIe BHICTYTIA-
J1a B POJIM KOHTPOJIBHON U OblJIa OTMEUEHa Ha cepuH (o-
torpadwuii, nonyueHubx ¢ BBC. OTMeuanace cepennaa
OTOPHOU TOYKH, KOOPAWHATHI KOTOPOM OBLIH B3SITHI C MO-
Moteto GNNS-tipuemunka (puc. 3).

. e
Puc. 3. I'eonpuessxa uzobpasicerutl, NOIY4eHHbIX ¢ OeCNUIOMHO-
20 8030YUIHO20 CYOHA

Fig. 3. Georeferencing of images obtained by an unmanned aerial
vehicle

s ouenku norpemHoctd RMSE (Root Mean Square
Error) mo xax a0 u3 oceil KCIOIb30BaTH CPEHEKBAIPa-
TU4HbIe oluoku RMSE,, RMSE,, RMSE, [18-19]:

RMSEx — JZ?:l(XOi_XGNNSi)Z

n

, M
RMSEy _ \/2t:1(yoi_YGNNSi)2’ @)

n
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RMSE, = \/Z?=1(20in—ZGNNsl‘)2’ 3)
/i€ # — KOJJMYECTBO OMOPHBIX TOYEK;

X, Yo 1 Zy; — xoopauHatel X, Y U Z, nony4YeHHbIe TO-
cJie IEPBUYHOMN a’pOTPUAHTYJIISAINH;

Xonssis Yonssi X Zgnssi — KoopauHaTtel X, ¥ u Z, uzme-
peHHBIe ¢ ToMolIbI0 GNSS-TpHeMHHKA B IOJIEBBIX YCIIO-
BUSX.

JIJ1s1 OLIEHKH MOTPEIIHOCTH BCET0 MPOEeKTa MPUMEHU-
nu GopMyIly CpelHEKBaApaTUYHON omuoku RMSE,
[20-21]:

RMSE.. = VIt (Xoi—Xannsi)?+ (Y 0i=Y gunsd)®+(Zoi—Zannsi)?
p - .

. @

PE3YNbLTATbI Y OBCYXAEHME. MOHUTOPHHT CEJIEKITH-
OHHOTO TOJIs OCyHIecTBIsLIN Ha BeicoTe 50 M. Cobpanu
158 doTorpaduii BuAMMOTro nuamnas3ona. [IpononbHoe u
MorepevYHoe MEPEKPBITHE YCTAaHOBIIEHO Ha 75%. Paspe-
wenwne (GSD — Ground Sampling Distance) n1is optodo-
TOILTaHa cOCTaBuio 1,4 cM/IHKC.

B nporpamme Pix4DMapper coznanu 12 npoeKkToB:
110 0-5 ONOPHBIX TOUEK 151 BRICOKOTOYHOM M CTaHJTaPTHOU
00paboTku naHHbIX. [I0CKOIBEKY HUCCIIeIyeMoe MoJIe UMEIIO
MPSIMOYTOJILHYI0 (DOPMY, OTIOPHBIE TOYKH PACTIONOXKIIH
o Kpasim U B ieHTpe (puc. 4) [22].
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Puc. 4. Pacnonoscenue onopnulx movex
Fig. 4. The control points’ distribution

[TorpenrHOCTh TeONPUBI3KH U300 PasKEHHIMA, Oy YEHHBIX
¢ BBC 6e3 ncnonbs30BaHus BEICOKOTOYHOM TOCTOOPAOOTKH,
3HA4YMUTENbHO BhlIle. [Ipy ncnonbp30BaHUM MSITH OLOPHBIX
TOUEK MOrPEeIIHOCTh CTAHAAPTHOW 00PabOTKH BBIIIE 110

Ta6bnuua Table

PE3YNLTATHI CTAHAAPTHOW/BBICOKOTOYHOM NOCTOBEPABOTKM
MPOEKTA C OMNOPHbIMN TOYKAMU
RESULTS OF PROJECT STANDARD / HIGH-PRECISION
POST-PROCESSING WITH CONTROL POINTS
GCP Name | Error X[m] | Error Y[m] | Error Z [m]
1 —0,090/0,000 0,021/0,001 0,098/-0,004
2 0,053/0,018 —0,052/0,028 | 0,083/-0,010
3 —0,094/0,002 | 0,064/0,003 0,059/0,000
4 —0,056/—0,031 | —0,058/0,033 0,024/0,023
0,077/0,025 —0,084/0,003 | —0,045/-0,008
Mean, m -0,022/0,003 | -0,022/0,014 0,044/0,000
Sigma, m 0,081/0,022 0,062/0,016 0,057/0,013
RMS Error,m | 0,076/0,020 0,059/0,019 0,067/0,012
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ocu x B 3,8 paza, mo ocu y B 3,1 pasa, o ocu z B 5,6 pa3
(mabnuya).

[NorpemHocTs IpOEKTa P MPUMEHEHUH IISITH OTIOP-
HBIX TOYEK BbILIE B 3,9 pa3a npu cTaHAapTHOH 00paboT-
K€ IaHHBIX [T0 CPABHEHHIO C BBICOKOTOUHOM. be3 ncnonsb-
30BaHHS ONOPHBIX TOYEK TOYHOCTH IIPOEKTA B MIJIaHE U
TI0 BBICOTE IIPH CTaHAAPTHOI 00paboTKe METpoBasd, a pH
BBICOKOTOYHOH — CaHTHMETpoBas. [1pn ncnonp3oBannn
3 u 6osee OMOPHBIX TOUEK CPEIH A KBaApaTUYHas OLIHO-
Ka MpoeKTa yMeHbInaercs (puc. J).

BbiBoabl. IIprMeHeHre HA3EMHBIX OITOPHBIX TOYEK
MO3BOJISIET MOBBICUTH TOYHOCTH U3MEPEHU B IPOCKTE, a
TaKXe CPaBHHUTH Pe3yIbTaThl HOCTOOPAOOTKH IPOEKTA C
peanbHBIMU U3MEPEHUAMMU.

BBICOKOTOYHBI MOHUTOPHUHT Ja€T BO3MOXXHOCTH 000H-
THUCh MEHBIINM KOJIMYECTBOM Ha3€MHBIX OMIOPHBIX TOYEK.
715 monmyyeHus JaHHBIX TOYHOCTHIO 2-4 CM B IJIAHE U 1O
BbIcOTE (XYZ) npyu BEICOKOTOYHOM MOCTOOPAaOOTKE HY K-
HO HCIIONIb30BaTh HE MeHee 3 Ha3eMHBIX ONIOPHBIX TOYEK.

SINO-RUSSIAN SYMPOSIUM

25

22,64

19,548
20 ™

s \\
" 8,512
1,573

N
491
0,071 049

0,067
0,025
| 0. ‘32 ) 0, 17\[

0 1 2 3 4 5
KonnuecTBo ONOPHBIX TOYEK, T,
A number of control points, units

RMSEp

=== BrICOKOTOYHas 06paboTka
High-precision data processing

== CTaujapTHas 06paboTka
Standard data processing

Puc. 5. 3asucumocms cpednexsadpamuinoii ouubKu npoexma om
KOIUYeCmaa UCHOIb3068AHHbIX HA3EMHBIX ONOPHBIX MOYEK

Fig. 5. Dependence of the project root mean square error on the
number of the ground control points used
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WHCTUTYT ar poMHXEHEPHBIX B SKOJIOTHUECKUX MTPOOIIEM CeITbCKOX03sHCTBEHHOTO Tpon3BocTBa — (rnan GHAILL
BUM, Cankrt-lletepOypr, Poccuiickas @eneparus

Pedepar. NnTeHcu(puxkarms cenbCkoX03MiCTBEHHOTO MPOM3BOACTBA MPHUBENA K HAPYIICHUIO IIMKIOB OMOTCHHBIX BEIIECCTB B
arposKocHcTeMax. B KHBOTHOBOICTBE O[HOM M3 KITIOYEBEIX MPOOIEM CTajla HU3KAs CTEHeHb HCIIONB30BAHMS OPTaHUIECKIUX YI0-
OpeHnit Ha OCHOBE HaBo3a W ToMeTa. (LJenv uccredosanus) OOOCHOBATH OCHOBHBIC MPHHIIMIIE OICHKH YKOJIOTHIECKOH yCTOMH-
YHBOCTH arpOIKOCHCTEM H pa3paboTaTh HHKECHEPHBIC METOMIbI 00SCTICUCHHUS IKOIOTHUECKOi O€30IaCHOCTH B YKUBOTHOBOJICTBE.
(Mamepuansl u memoowr) s permenns 3a1a9 arpoIKOJIOTHIECKOi OLEHKH, BEIOOpa AQ(EKTHBHBIX TEXHOMOTUN M CO3IAHMS HH-
TEIUIEKTyaTN3UPOBAHHBIX CHCTEM HCTOIB30BANH OKA3aTeN: YACIbHYIO IOTHOCTh KUBOTHBIX (IPEUMYIIECTBEHHO I MAKPO-
OIICHKH ); 0aTaHC MATATEIBHBIX BENIECTB (PA3HUITY MEX]Y KOIMYECTBOM a30Ta B OPTaHMYECKHUX YIOOPEHHAX M SKOJIOTHUYECKH 0e3-
OTACHBIM MOTPEOICHHIEM); IOTEPH a30Ta MPH YTIIN3AIUH OPTAHHIECKUX OTXOOB KUBOTHOBOACTBA; ) )EKTHBHOCTE BHEAPCHIS
HAWTy9IINX AOCTYIHBIX TEXHOMOTHH. (Pe3yibmamut u 06cydcoenue). BRIABIN, 9TO 1O HEPBBIM ABYM TTOKA3aTeNsIM TpH paiioHa
JleHHHTrpaaCKO# 00IACTH OTHOCATCS K TEPPUTOPUSIM C UPe3MEPHBIM PHCKOM U OKPYKAIOIIEH Cpejibl, OIUH PaioH — C BEICOKAM
PHCKOM, IISTh — C JIOIYCTHMBIM H BOCEMb PallOHOB — ¢ HE3HAYMTEIBHBIM PUCKOM. JIJIs1 pelueHus mpodueM B paiioHax ¢ upe3mep-
HOH 1 BBICOKOH Harpy3KOH MPOBEN OLEHKY IO TPETHEMY H UETBEPTOMY MOKa3aTelsaM. VccnenoBann TeXHHIECKUe pelIeHus 0
HOA00paNM HAMITYYIIHE JOCTYITHBIE TEXHOJOTHH [T CHIXKCHHS HArpy3KH Ha OKpYXaromyro cpeny. [lokasamu npenMyiiecTsa
OCHOBHBIX TEXHUYECKHX PEIICHHH B 00IACTH YTHIH3AIMN OPraHUIECKHX OTXOIOB KUBOTHOBOJICTBA — OHMO(EPMEHTAINY H BHE-
CEHHS KUIKUX OPTaHMIeCKuX ynoopenuii. Ompenenum, 9To OHo(pepMEHTAMOHHBIC YCTAHOBKH ITO3BOJISIOT COKPATUTD BEIOPOCH
3arps3HAIOIIMX Ta30B B 2 pasa u Oojee, yCKOpHUTH mpolecc nepepabotku B 60 pas. [ paboTsl ¢ XHUAKOH OpraHukol pazpado-
TaNM HHTEIUICKTYaTH3HPOBAHHBIC MAIIMHE! ¢ HU3KOOMHICCHOHHBIMA pab0OIMMH OpraHaMy, TO3BOJIIONINE CHIU3HTH OTEPH a30Ta
npu BHeceHnH J1o S0 mporeHToB. Paspaborany nudpoByto cucTeMy JUTs MOAEITMPOBAHKS CLIEHAPHEB TEXHONOTNYECKOTO Pa3BUTHS
1 VX BIHSHAS Ha SKONOTHYECKYIO YCTONUNBOCTD arpodKocucTeM. (Bevigoder) ChopMynnpoBay MPHHIKIIE CHCTEMHOTO aHAIN32
9KOJIOTHYECKOH YCTONYMBOCTH arpOIKOCHCTEM C MPEIIOKECHIEM KOHKPETHBIX TEXHUYESCKUX M ONTHMHI3ALUOHHBIX PEICHHH TS
’KHBOTHOBOJICTBA.

KaroueBble ci10Ba: arposKocucTeMa, SKOJIOTHIECKAs YCTOHIHBOCTD, SKONOTHYECKast 0€30I1aCHOCTD, SKUBOTHOBOJICTBO, ITIUTATEIb-
HBIC BEIIECTBA, MAIIMHHBIC TEXHOIOT U, HHTEIICKTYAIbHBIC CHCTCMBL.
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Abstract. The intensification of agricultural production has led to the disruption of nutrient cycles in agroecosystems. In livestock
farming, one of the key problems is the low degree of using secondary resources (organic fertilizers based on manure and manure).
(Research purpose) To substantiate the basic principles of assessing the agroecosystem environmental sustainability and to develop
engineering methods for ensuring environmental safety in livestock farming. (Materials and methods) To solve the problems of
agroecological assessment, effective technology choice and intelligent system creation, the following indicators were used: 1.
specific density of animals (mainly for macro-assessment); 2. nutrient balance (the difference in the amount of nitrogen available
in the formed organic fertilizers with environmentally safe consumption); 3. nitrogen losses during the disposal of organic waste
from livestock farming; 4.the effectiveness of implementing the best available techniques (BAT). (Results and discussion) Using
the assessment of indicators 1 and 2 in the case of the Leningrad region, it was revealed that 3 districts are classified as territories
with an excessive risk to the environment, 1 district is classified as a territory with a high risk, 5 districts — with an acceptable risk,
and § districts — with a low risk to the environment. To solve problems in areas with excessive and high load, we conducted an
assessment on indicators 3 and 4, which allowed us to explore technical solutions and select the BAT to reduce the environmental
burden. The obtained results showed that among the main technical solutions in the field of organic waste management of livestock
farming are biofermentation and the introduction of liquid organic fertilizers. Biofermentation in special chambers can reduce
emissions of polluting gases by more than 2 times, and speed up the processing process by more than 60 times. To work with liquid
organic fertilizers, intelligent machines with low-emission working bodies have been developed to reduce nitrogen losses during
application by up to 50 percent. To solve the problems of agricultural monitoring and engineering solution management, a digital
system has been developed that allows to model scenarios of technological development and their impact on the agroecosystem
environmental sustainability. (Conclusions) The results obtained allow us to systematically analyze the problems of agroecosystem
environmental sustainability and propose specific technical and optimization solutions for livestock farming.

Keywords: agroecosystem, sustainability, livestock farming, nutrients, machine technology, intelligent systems.

B For citation: Bryukhanov A.Yu., Popov V.D., Vasil’ev E.V., Shalavina E.V., Uvarov R.A. Analiz i resheniya
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OBpPEMEHHBIE IOCTHKEHU S arpapHON HayKH, pea-

JIU30BaHHBIE IIPU MOAIEPIKKE CIIEUATIBHBIX TO-

CyIapCTBEHHBIX IIPOrPaMM B pEaJIbHOM IIPOU3-
BOJICTBE, NO3BOIMIH K 2020 I. 1OCTHYb BHICOKOTO YPOB-
Hl BBITIOJTHEHHUS 3aJ1a4 00eCIIeUeHU I JKUTEJICH CTPaHBI
Ka4eCTBEHHBIMHU TPOAYKTAMHU MUTAHUS B HEOOXOIUMEIX
o0BemMax 1 co3aTh QyHIaMEHT JJIs JalIbHEHIIero pocTa
U Pa3BUTHUS, B TOM YHUCJIE IKCIIOPTHOr0 noTeHuana. XXu-
BOTHOBOJICTBO — OJJHO U3 MPUOPUTETHBIX HAIPABICHUM
Pa3BUTHS CENIBLCKOXO3SIMCTBEHHOT O IMpou3BojcTBa. K
2020T. 1Mo psiy CTpaTEern4ecKy BaKHBIX TPoAyKToB Poc-
CHS BBIIILJIA HA YPOBEHb CaMOOOECIIEYEHHOCTH U 3aKpe-
MUJIaCh B IEPBOM IeCATKE CTPAH-TUIEPOB IIPOU3BOAUTE-
JIel CeNbCKOXO035UCTBEHHOM MPONYKLIUH: camoobecte-
YEHHOCTb 110 CBUHUMHE U Mscy nTulbl — 100%, MooKy —
84, stitnam — 6o1ee 100%.

Cenbckoe X0351MCTBO pa3BUBAETCS [0 UHTEHCUBHBIM
TexHOJOTrusIM. OCOOEHHO SIPKO TO MPOSBIISACTCS B KU-
BOTHOBO/ICTBE U NITUIIEBOACTBE, TI€ TPOUCXOAUT KOHIICH-
TpaIus MOToJIOBhS Ha KPYIHBIX (pepMax M KOMIIIEKCaX.
DTO NO3BOJISAET COKPATUTH U3ACPKKH Ha 00CTy KUBaHHE
JKUBOTHBIX, HO CO3/Ia€T CYIIECTBEHHBIE SKOJIOTHIECKHE
puckw [1-3]. UaTeHCcH(UKaLKS arpapHOro MPOU3BOACTBA
CBsI3aHA C LEJIBIM PSJIOM SKOJIOTHUYeCKHX mpobaem. On-
Ha U3 HUX — HU3Kas CTENEHb UCI0JIb30BaHUs BTOPUY-
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HBIX pECYpCOB (OpraHUYeCKUX YI0OpeHn i Ha OCHOBE Ha-
BO3a 1 ometa) [2-8].

B 2015-2020 rr. arponpeanpusiTusi NCIIOIb30BAJIN HE
6onee 30% opranuku. Takoil HU3KUI ypOBEHb ecTaOH-
JTU3UPYET arpO3KOCHCTEMBIL, HOBBIIIAET TU(PY3HYIO Ha-
Tpy3Ky Ha BOTHBIC 00BEKTHI BOJIH3H )KHBOTHOBOAUECKUX
KoMILUIeKkcoB: 10 150 kr/ra azota u g0 20 kr/ra ¢ochopa
[9, 10]. OtcyTcTBHE BO3BpaTa OPraHUKHU B PETHOHBI, BBI-
paluBaioLie pacTeHUEBOAYECKYIO MPOIYKIUIO U KOP-
Ma JIJIsl 5)KUBOTHBIX, CHUYKAET miofgopoaue nous. Hapy-
IaeTcst IPOM3BOACTBECHHBIN ITMKJI, IPOUCXOJUT HEKOH-
TPONHPYEMOE BBIJIETICHUE B OKPY>KAIOILYI0 CPEITy 3arps3-
Hsomux BemecTs [3-5]. C KaxAbpIM AecITUICTHEM 000-
CTpsieTCS I00aNbHAast SKOIOTHIECcKas MpobiiemMa, CBsI3aH-
Hasl C HOTEIUICHUEM KJINMaTa. MI3MeHeHus KiimMaTa co3-
JAroT JJIS HPOJOBOIBCTBEHHOM O€30ITaCHOCTH U CETBCKO-
I'0 XO3HCTBA CEPhE3HBIEC TPOOIEMBI C TOUKH 3PEHHS O3KHU-
JAeMOT'0 HETaTHBHOTO BO3JICHCTBUS HA IPOU3BOIUTEIb-
HOCTb, a TAK)KE OCYILIECTBICHUS OTPACIEBBIX MEp 0 Orpa-
HHUYEHHMIO r100abHOro noremmienus [11-13].

B cknagpIBaromieiics CATyaluy arpouHKeHepHas Ha-
yKa Ipu3BaHa pa3paboTaTh HayYHbIC IPUHIIUIIEI CO3/Ia-
HUS CEIIbCKOXO3SHCTBEHHBIX YKOCHCTEM H yIIPABICHUS
uX (QyHKIIMOHUPOBAHUEM Ha OCHOBE BBHICOKOI((EKTUB-
HBIX KOMITJIEKCOB MAIIWH 1 000pYIOBaHU S, MHTEIUIEKTY-
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AJBHBIX TEXHOJIOTHIt HHTEHCHBHOTO U OMOJIOTH3HPOBaH-
HOT'O IPOM3BOJICTBA CENBXO3MPOAYKIIUH, 00ECIICYNBAIO-
MIMX SKOJIOTHYECKYI0 0€301acHOCTb.

LIEnb nccnEQOBAHUS — 060CHOBATH OCHOBHBIE IIPHH-
LMl OLIEHKH 3KOJIOTHYECKOW YCTOMYMBOCTH arpo3Ko-
CHCTEM U pa3paboTaTh HHKCHEPHBIE METOEI 00ecTede-
HUSI 9KOJIOTUYECKON 06€30MacCHOCTH B YKUBOTHOBOJICTBE.

MATEPUANBI U METOAbI. MUPOBOIT ONBIT B arpo3Ko-
JOTUYIECKUX UCCIIETOBAHUIX CBUICTEIBCTBYET O BO3ZMOXK-
HOCTH HCIIOTB30BAHMS P2 OCHOBHBIX HAYYHBIX ITPHH-
IIUIIOB CO3IAaHMS YCTOWYUBBIX CEIIbCKOXO3SHCTBEHHBIX
akocucteM [3-5]. B ocHOBe 3a510KeH I1aBHbINH TPUHIU
co3aanus 3 HEKTHBHOTO KPyroBOPOTa OMOTCHHBIX Be-
IIECTB C MUHUMAJIBHBIM PACX0JIOM BHEIIHHUX PECYPCOB,
00ecreunBaloIero MPOU3BOACTBO CEIbXO3MPOTYKIINU
HeoOxonuMoro oobeMa u Kadectsa. [log kpyropoporom
OMOTEHHBIX BEIIIECTB B arpapHOM IIPOM3BOACTBE MOAPa3-
yMeBaeTcs MePexo MUTATEIbHBIX BEIIECTB B 3aMKHY-
TOM ILIHMKJIE POU3BOJCTBA MIPOAYKIIUU: TIOYBA — PacTe-
HUA (IPOTYKIIHS M KOPMa) — )KHBOTHBIE (IPOAYKIIUS U
BOCIIPOU3BOJICTBO) — YA0OpeHU S (TPEUMYLLIECTBEHHO Op-
rannueckue) — novsa [14]. J{ng popmanusanuu 1aHHOTO
MPHUHIIAIIA 00OCHOBAH PsIJT AT POIKOIOTUICCKUX TTOKa3a-
TE€JIEeH, KOTOPbIE MOT'YT BBICTYIIaTh B KAY€CTBE KPUTEPU-
€B OIIEHKH YCTOHIMBOCTH arpodkocucteM. K HIM 0THO-
CATCsI yIeNIbHAs MIIOTHOCTD KUBOTHBIX (OTHOIICHHUE yC-
JIOBHBIX TOJIOB K IO IH 00pabaThiBaeMbIX 3eMelib), Oa-
JIAHC MUTATEIbHBIX BellecTB, nuddy3Has Harpy3Ka Ha
BOJ0COOD, YPOBEHB ITOTEPH TUTATEIBHBIX BEIIECTB, IJI0-
Jlopojue o4YBEI U Ap. [15-17]. MokKHO NCTIONTB30BATH KaK
OT/ENbHBIC MOKA3aTEIHU, TAK ¥ KX COBOKYITHOCTB JIJISl KOM-
TUIEKCHOH OTleHKH. Bee oHM 00beAMHEHBI KPYTOBOPOTOM
OHOTreHHBIX (MUTATENbHBIX) BELIECTB.

J s pemieHus 3a1a4 ar po3KoI0r 14e€CKOM OLEHKH, BbI-
6opa 3¢ (heKTUBHBIX TEXHOJOTHH, CO3TaHUS HHTEIIICK-
TyaJIU3UPOBAaHHBIX CUCTEM B Z[aHHOﬁ CTaThEC UCIIOJIB30-
BaHHI mokazarenu [1, 11, 14, 17, 18]:

- yAeIbHAS MIIOTHOCTH )KUBOTHBIX (IIPEUMYIIICCTBEH-
HO JIJISI MAKPOOIICHKH);

- baJlaHC MUTATENbHBIX BEMECTB (pa3HHIa KOTHYECTBA
a30Ta, UMEIOIIET0Cs B 00pa3yeMbIX OpraHHYECKUX Y10~
OpEHHUSX C IKOJOTHUECKH OE30MaCHBIM OTPEOICHUEM);

- IOTEPH a30Ta IIPU yTHIU3ALUU OPraHUYECKHUX OT-
XOJIOB )KHBOTHOBOJICTBA;

- 9 PeKTUBHOCTH BHENPEHUS HAUTYYIIUX JOCTYII-
HbIx TexHonoruit (HAT).

IepBEie nBa MOKa3aTENs MPUBI3BIBAIH K aTPOIKOCH-
CTEMaM UCXOA U3 MIpUHIMIIA ACJICHU [0 MyHUIIUTIAIb-
HBIM paifioHaM, TaK KaK 3TO MTO3BOJISIET OIIEPATHBHO H JI0-
CTOBEPHO MMOJIH30BATHCS JAHHBIMU O(QUIIUATBHON CTATH-
CTHUKH I HEOOXOIUMBIX pacueToB. Bropyro mapy mormry-
CTHUMO HCIOJIB30BATh JIJIsl OLICHKH TEXHOJIOTHIA B [IEJIOM,
a Tak>ke JJ151 OTJIEIbHBIX TEXHOJIOTHYECKUX ONepaluil U
MAIlIHH.

PE3YNBTATBI M OBCYXXAEHUE. HccnenoBanmst mpose-
JCHBI Ha IIPUMEpPE CEITBCKOX03SHCTBEHHOT'O TPOU3BO-
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ctBa Jlennnrpaackoi odmactu (puc. 1). PesynbraTsi oneH-
KU 10 OalaHcy a30Ta U MIIOTHOCTHU MOT0JIOBbS TIO3BOJIH-
JIU BBIICTTUTH PAOHBI C PAa3JINYHOMN CTENCHBIO HETaTHB-
HOT'O BO3JIEMCTBUSI HA OKpyxatomyto cpeny (OC). U3 17
MYHUIUIIAIBbHBIX PallOHOB 3 OTHOCSTCS K TEPPUTOPUAM
¢ upeamepHbIM puckoM st OC. Ha ux TeppuTOpuH yaenb-
Haf MIOTHOCTH )KMBOTHBIX IpeBbImaeT 3,1 yci. roin./ra,
4T0 TpeOyeT OoJiee IeTAIPHOTO aHATN3a Ha YPOBHE KOH-
KPETHBIX MPENNPHUATUN, HCIIOIb3YEMBIX TEXHOJIOT Ul U
OpraHU3alHOHHBIX pemeHuid. OIMH palioH OTHECEH K
TEPPUTOPHH C BRICOKUM puckoM (1,6-3,0 yci. romn./ra), 5—
¢ momyctuMbM (1,1-1,6 yci. ron./ra) u 8 paifoHOB — ¢ He-
3HaYUTENbHBIM prckoM 11 OC (0,2-1,0 yei. roi./ra). B
paiioHax ¢ He3HAUYUTEIBHBIM PUCKOM MOXKET BOSHUKATH
JIOKaJbHAs mpobieMa, CBsI3aHHAas ¢ HOTepei MII0T0POAHS
MOYB, O Y€M CBHICTEIBCTBYIOT OTPUIATEIEHBIC 3HAYE-
Hus Oaytanca a3ota [1, 14].

-360 o,52
1,07 e

D88 -

Puc. 1. Pesynomamut azposkonoeuieckoul oyeHku (Ha npumepe Jle-
HUHSPAOCKOU 001acmu): 8epxHull nokazamevb — 6aIanc azoma,
m; HUMNICHUL NOKA3aMmelb — YOeabHAsl NIOMHOCHb HCUBOMHBIX,
yea. eon./ea

Fig. 1. Results of the agroecological assessment (the case of
Leningrad region): the upper indicator is nitrogen balance, t; the
lower indicator is the specific density of animals, cond. head/ha

st paitoHoB ¢ upeamepHbIM pruckoM aiist OC xapak-
TEePEH Mepen30bITOK OMOTCHHBIX AJIEMEHTOB B COCTaBE
OPraHMYeCKUX OTXOJIOB KPYIHBIX )KMBOTHOBOJYECKUX
KOMIIJICKCOB. B 1aHHOM cirydyae He0OXOINMO pelIeHne
3a/1a4 rnepepacnpeeieHus Harpy3ku myTeM 000CHOBa-
HUS TEXHOJOTHI YTUJIXU3AUU U OpraHru3anuy B3anuMo-
CBsI3el C IPYTUMU pallOHAMU, IMEIOIIIMU NOTPEOHOCTh
1 pE3CPpB AJIs1 NpHUEMa MUTATCIIbHBIX BEUICCTB B COCTABC
opraHuueckux ynoopeHuit. [Ipu BeIOOpe TEXHOIOTHI 1
KOHKPETHBIX MAlIUH CIeNyeT YUYUTHIBATh MIOTEPH a30Ta
[PH YTHIN3ALINAN OPTaHMIECKUX OTXOHOB )KHBOTHOBOA-
ctBa u 3¢ dexruBHOCTh BHeApenus HJT. B panee mpo-
BEACHHBIX HCCIICAOBAHUAX 6I)IJ'II/I O60CHOBaHI)I TJIaBHBIC
HaIPaBJICHUS TEXHUKO-TEXHOJIOTHIECKOH MOIEepHU3a-
1uH, no3BoJstomue Beiopats HJT 17151 KOHKpETHBIX Mpo-
W3BOJICTBEHHBIX U IPUPOIHO-KINMATHUECKUX YCIOBHH [ 1].

K nmpuopuTe THBIM MAITHHHBIM TEXHOJIOT UM Y THIIH-
3alluy OPpTaHUY€CKUX OTXO0A0B C MUHUMAJIbHBIM PUCKOM
3arpsizaeHnst OC oTHOCSTCS OnodepMeHTaUs B ycTa-
HOBKaX 3aKpPBITOr'O TUIIa U BHECCHUEC OPraHUYICCKUX Y10~
OpeHUii MallTHHAMH C HU3KOOMHUCCHOHHBIMH Pa00IUMU
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oprarami [1]. B UADII — punmane ®HAIL] BUM pa3spa-
00TaH TUIIOpPa3Mep aBTOMATU3UPOBAHHBIX OHOPEpMEH-
TAllMOHHBIX yCTaHOBOK cepuu BIOFERM nns nepepa-
OOTKM TBEPIBIX OPraHUUECKUX OTXONOB (mabdauya, puc. 2).

Puc. 2. Buewnuii 6ud ycmanosku BIOFERM 10.0: a—3D-mo0ens;
b — npomvluinennsviii oopasey (uzeomosnen coemecmuo ¢ OO0
«Hayuno-npoussodcmeennuiii yenmp «OKAH»)

Fig. 2. Exterior view of the BIOFERM 10.0 unit: a — 3D model; b
— industrial design (manufactured jointly with OKAN Research
and Production Center LLC)

[Ipumenenne 6nodepMEeHTAIIMOHHBIX YyCTAHOBOK IO~
3BOJIHT B 2 pa3za COKPAaTUTh BEIOPOCHI 3ar pA3HSIONINX r'a-
30B B IIpoliecce nepepadboTku HaBo3a u momeTa u B 60 pa3
YCKOPHTB ITPOIIECC MPEBPAIICHUS ICXOJHOT'O CHIPHS B BHI-
COKOKQUECTBEHHBIN KOHEUHBIH MPOAYKT MO CPABHECHHUIO
C INTEIBHBIM BeIep)KkUBaHHEM. CpOKH IepepabdoTKu
TIPH TEXHOJIOT U AU TEILHOTO BRIICP)KUBAHNUSA B IITa0C-
ne cocTaBnsoT 160-240 cyTok, a IpU UCTIOIB30BAHUU
OnodepMEeHTAIIMOHHBIX YCTaHOBOK — 3 cyTOK. [loTepun
a30Ta B COCTaBe ra3000pa3HbIX BEIOPOCOB B IIEPBOM CITy-
yae nocturaiot 30-50% ot ucxogHOro0 coepkaHusl, a BO
BTOpOM — He Oomnee 15%.

SINO-RUSSIAN SYMPOSIUM

W3yuenne noTepb a30Ta MpH OCHOBHBIX TEXHOJIOTH-
X YTHJIU3alUU KyPUHOTO MOMETa IS NTHie(adpuky,
paccuuTaHHOW Ha cofepKaHue | MITH TOJI. ITUIIBI, TOKa-
3aJ10 BO3MOXKHOCTh COKpaILeHUs SMUccHii 10 353 T BTOA
P UCIIOJIb30BAHUH TEXHOJIOTUH YCKOPEHHOH Onodep-
MeHTanuu (puc. 3).

700

600

Koamuectso asora, T
Amount of nitrogen, t

312,1 353,1

1 2 3 4 5 6
OPsin2

®Psnl Texnonorun

Technologies

Puc. 3. Texnonoeuueckue nomepu azoma npu ymuausayuu Kypu-
Ho2o nomema: 1 — onumenvroe xpanenue, 2 — naccueHoe KOMno-
cmuposanue; 3 — akmugHoe KoMnocmupogauue, 4 — kamepras
pepmenmayus; 5 — bapabannas pepmenmayusi;, 6 — mepmueckas
cywka

Fig. 3. Technological nitrogen losses during the disposal of poultry
manure: 1 —long-term storage; 2 —passive composting; 3 —active
composting; 4 — chamber fermentation; 5 — drum fermentation; 6
— thermal drying

IIpu paboTe ¢ )KUIKUMH OPraHUIECKUMHU YA0OpEHU-
ayvu (JKOY) BaxHON TEXHOJIOTUYESCKON oTlepanueii cuu-
TaeTcs BHECEHHUE UX B NOYBY. Mcrnonb3oBanne Heahek-
THUBHBIX TEXHOJIOTHI U TEXHHYECKUX CpE€ACTB MOXET IpHU-
BeCTH K motepe 6oiree 50% a3oTa, B OCHOBHOM B BHJIC T'a-
3000pa3HbIX BRIJICICHUN. J[7151 pemeHus JTaHHOH mpobiie-
MBI pa3pab0TaHO TEXHIMYECKOE 3aJaHHe Ha H3TOTOBIIE-
HUE UHTEJIEKTYaIU3UPOBAHHBIX MAIINH ISl TPAHCHIOP-
THpoBKY U BHeceHUsI JKOY. OCHOBHBIMH OCOOCHHOCTSI-
MH MAaIlIH CTaJIl aBTOMaTH3UPOBaHHAS (GUKCALIHS U

OCHOBHBIE XAPAKTEPUCTUKN BUODEPMEHTALIMOHHBLIX YCTAHOBOK cEPu BIOFERM
MAIN CHARACTERISTICS OF BIOFERMENTATION PLANTS OF THE BIOFERM SERIES
I'adaputHbIe HOT Zg;‘;‘;::gﬂek_ OpuneHTHpPOBOYHAS
HpOPBBOI[PlTeJI]:HOCTb Oo0neM pa3Mepsbl 1? 0IHEDTHH CTOUMOCTDH YCTAHOBKH,
Mogeau O0JHOT0 MOJY.Isi, T/ToA | GHopeakTopa, M’ JAxIIxB, m pKBT.l:l I ? MJIH pYo0.
Models Productivity of one Bioreactor Overall q o Estimated cost
module, t/year volume, m* dimensions Spgg:gf“elleig;lcuy of the installation,
LxWxH, m lef/t ’ million rubles
BIOFERM 1.0 360 5,4 6x2x2 25,4 or 2
BIOFERM 2.5 900 13,5 7x2,4%2.4 13,4 or5
BIOFERM 5.0 1800 27,0 9x2,8%2,8 9,8 oT 8
BIOFERM 10.0 3600 54,0 14x3,5%3,5 8,4 or 15
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yIpaBJIeHNE CIEAYIOMUMHU QYHKITHSIMH:

* aBTOMaTHYECKUH yUeT COAEPIKaHUS MUTATEIbHBIX
BEILIECTB B yAOOPEHUH U aJalITUBHBIN pacdeT 0351 BHE-
CeHHUsI (C yUeTOM XapaKTEPUCTHUK IIOUBHI U BhIpalllUBae-
MOW KYJIBTYPBI);

* aBTOMATHUYECKasl pETyIUPOBKA JO3bI BHECEHMUSI B 3a-
BHUCHMOCTH OT CKOPOCTH JIBUKEHUSI MAIIMHBI U KOHTPO-
JI51 30H IPOITYCKOB/IEPEKPEITHS IPH BHECCHNN.

B 2020 r. mpu cotpynauuectse ¢ pupmoit OO0 «Arpo-
Mar» (odurmansaeiM qunepom JOSKIN, benbrus) wus-
TOTOBJICHBI [IBE SKCIIEPUMEHTAIbHbIE MALIUHBI JJ151 BHE-
CCHMSI XKUJAKUX OpraHN4eCKUX yaoopenuii (puc. 4). Otu
MAIIHHBI JOJKHBI 00€CTIeYNTh HaWITy YIIHe 3HAYeH S [0~
kazarens s dexruBHocTu BHeApenus: H/IT, koTopslii BbI-
pakaeTcsi B MUHIMAIbHON CTONMOCTH IIPUBEJCHHBIX 3a-
TpaT Ha OJHY TOHHY COKPAIIEHUs SMUCCUI 3aTpsI3HSIO-
X Bemects (puc. ).

Puc. 4. Unmennexmyanusuposantvle MauuHbl Onisl MPaHCROPMu-

POBKU U 8HECEHUSL HCUOKUX OP2AHUYLECKUX YOOOpeHUll
Fig. 4. Intelligent machines for transporting and applying liquid
organic fertilizers
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Puc. 5. Dgppexmusnocms 6nedpernus naunyuumux 00CmynHvLx mex-
HOI02UTl BHECEeHUS HCUOKUX OP2aHUYecKux yoobpernuil: 1 — eHece-
HUe MAWUHOT C WAAH20801 CUCEMOT, 2 — 6HeceHue UHmMeIeK-
Myanu3upo8aHHol MAUUHOU ¢ HUSKOIMUCCUOHHBIMU pabOYUMU
opeanamu; 3 — 6HYyMpuUNoyeeHHoe 6HeceHue be3 UHMeNIeKmyani-
3UPOBANHHOU CUCTEMbl

Fig. 5. Efficiency of implementing the best available technologies
for liquid organic fertilizer application: 1 — application by a machine
with a hose system, 2 — application by an intellectualized machine
with low-emission working bodies; 3 —subsoil application without
intelligent system
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[IpombInieHHBIe 00pa3ibl OMOPEPMEHTAITHOHHOM
YCTaHOBKU ¥ MamuH s BHeceHUs JKOY H3roTOBICHEI
Y ITOCTABJICHBI JIJIs IPOBEICHU S IIPON3BOJICTBEHHBIX UC-
MBITAaHUH IpU oA AEpKKe MpoeKkTa EcoAgRAS, peanu3y-
€MOTO B paMKaX IMPOrpaMMBbl TPUTPAHUYHOTO COTPY/-
auuecTtBa «lOro-Boctounasgs ®unnguaus — Poccus» Ha
2014-2020 rr.

B nesiom cymecTByet 60s1ee 30 TEeXHOJIOTHYECKUX Ba-
PHAHTOB yTHJIM3AIUU OPTaHUYECKUX OTXOAOB )KUBOTHO-
BOJICTBa, KOTOPBIE MOTYT 00ECIIEYUTh COOTBETCTBYIO-
1y10 3(PEKTHBHOCTD B KOHKPETHBIX IIPON3BOICTBCH-
HBIX U IIPUPOJHO-KIMMATUYCCKUX YCIIOBUAX.

Jn noCTHKEHU S 3KOIOTHYECKON YCTOMYMBOCTH CEITb-
CKOXO3STHCTBEHHBIX YKOCHCTEM HEOOXOIMMO CO3/IaHHE
KOMIJICKCHOM CHCTEMbI arPOMOHUTOPHHTA, YIIPABJICHU S
WHXCHEPHBIMH U OPraHHU3allHOHHBIMY peleHusIMu. Ta-
Kasi cCHCTeMa JIOJDKHA CTPOUTCS Ha MU POBBIX MacrnopTax
CENbCKUX TEPPUTOPHI, aNTOpUTMax cOopa 1 00padboTKH
UH(POPMAIIMH, MOJCIIAX TPOTHO3UPOBAHHUS C YUSTOM CIie-
HapHEB TEXHOJIOTUIESCKOTO Pa3BUTHUS U CTPATETUH yIIpaB-
JIEHUSL.

B 2021 r. UADII - priman PHALL BUM, OO0 «IUT
«IletpolMHT» u AO «HNO IUT «IleTpokomeTa co-
BMECTHO ¢ KOMUTETOM 110 arponpoMBbIIIIEHHOMY U PbI-
00XO03SIHCTBEHHOMY KOMILIEKCY JIeHUHTpajackoi o0ira-
CTH MPUCTYIUI K TECTUPOBAHUIO ITUPPOBOIH CHCTEMBI
(KOMIIBIOTEPHOW HHTEPAKTUBHOM MPOTrPaMMBbI) JJISI MO-
HUTOPHHTa 00pa30BaHUsI OPraHUKH U €€ YPPEKTUBHOTO
ucnoiab3oBanus [19]. Cuctema mo3BossieT OleHUBaTh Te-
KYLIYIO CUTYallHI0 U MOJICIIHPOBATh CLICHAPUH PA3BUTHS

pratp T pacra ~ j

s [2021.92.40]

B wapugyTe

Msnan poussga

1= 28 o
Cmcpem B AKIoE KAGTA  COANATE CHEKS GARTY ‘

% Smoer poooges snoseay

o e 580310903 NERPSE (TS STALATY R T urged ~TMTPOMT=. B ngans Easimistrns. B 3w

Puc. 6. CHumoxk sxpana unmepaxmueHol npocpammsl MOHUMO-
PpuHea 006pa30eanus opeanuiecKux y0obperuti u ux s¢gdexmug-
HO20 UCHONb308AHUS (CMPENKAMU YKAZAHA BO3SMONCHOCTb GHY-
mpenHe20 nompeorenus y0oopeHul, KpacHblMU TUHUAMU 0003HA-
YeHbl 63AUMOCEA3U CeNbXO3NPEeONPUAMUL C YUemom
MPAHCROPMHOU UHGPACMPYKMYPbL)

Fig. 6. Screenshot of an interactive program for monitoring the
formation of organic fertilizers and their effective use (the arrows
indicate the possibility of domestic consumption of fertilizers, the
red lines indicate the relationship of agricultural enterprises,
taking into account the transport infrastructure)
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U UX BJIMSIHUE HA 9KOJIOTUYECKYIO YCTOMUHUBOCTD arpoa-
KOCUCTEM. AITOPUTM NIPOrPaMMBbl PeaIu3yeT IPUHIIHII
OaJlaHca MUTATENBHBIX BEIIECTB U MIO3BOJSET ONTUMH-
3UPOBATh JIOTUCTUYECKUE MEIKX03ICTBEHHBIE CBA3H OT-
JCTBHBIX CEIbX03TOBAPONPON3BOAUTENEH C IIETIBI0 cOa-
JTAHCUPOBAHHOT'O UCIIOJIb30BAHU S TUTATEIbHBIX BELIECTB
U JOCTHUIKEHUS YCIOBUH 9KOJIOTMYECKOH YCTOMUUBOCTH
(puc. 6).

IIporpamma no3BoasieT GOpMUPOBATE IIEKTPOHHBIE
[acHopTa 0 KK IOMY CEIbXO03IPENIPUATHIO, pailoHy U
Bceit oomactu. [lacriopra copepxar noxpobnyo nHpop-
MalHIio 0 JOCTHUXEHUHU ONTHMAaJIbHOro OajlaHca MuTa-
TETBHBIX BEMIECTB U HEOOXOIUMOTO ISl 9TOTO MaTepH-
aNbHO-TEXHUUYECKOT0 ¥ pecypcHOro obecneuenus. B mep-
CIIEKTHBE TAKYIO CHCTEMY MOKHO MacIITa0MpOBATh IS
BCEX TEPPUTOpPUAIIBHBIX cyOBeKTOB Poccuiickoit dene-
pannu ¢ HeHTPaIbHON KOOPAMHAITMOHHOH (yHKITHEH, KO-
TOPYIO MOXET BBIIOJIHATh MUHCENBXO03.

BuiBoabl

J17151 OLIEHKM U peryJaupoBaHus arpo3KOCUCTEM IIPU-
MEHUIH Psifi TOKA3aTeIeH: yIEIbHYO0 IJIOTHOCTb )KUBOT-
HBIX; 0aJTaHC MUTATENBHBIX BEIIECTB; TIOTEPH a30Ta IPH
YTHIH3aLUU OPraHUYECKUX OTXOJO0B JKUBOTHOBOJCTBA;
3 (PeKTHBHOCTH BHEAPECHU S HAUTY YIITHX JOCTYTTHBIX TEX-
HOJIOTHH.

IIpu onieHKe 10 NEPBBIM JBYM IOKa3aTeNIsAM Ha IIpU-
Mepe JIeHnHTpaacKoi 0011acTH, BBISBUIIHU, 4YTO 3 palioHa
OTHOCATCS K TEPPUTOPUSIM C UPE3MEPHBIM PUCKOM 151
OKpy>Katollel cpenbl, 1 pailoH OTHECEH K TEpPUTOPUH C
BBICOKMM PUCKOM, 5 — € JONYCTUMBIM U 8 paiiOHOB — C He-
3HAUUTEIBHBIM PUCKOM. J[71s1 perenus npobiiem B paiio-
Hax ¢ Ype3MEPHOM U BBICOKOW HArpy3KoH menecoodpas-
HO IIPOBOAUTH OLIEHKY 110 TPETHEMY U UETBEPTOMY IIOKa-
3aTelsM, I03BOJISIOLIUM HCCIIE0BaTh TEXHUYECKUE pe-
HIEHUs ¥ o00paTh HAMITYYIINe JOCTYITHBIE TEXHOJIO-

SINO-RUSSIAN SYMPOSIUM

TUU U1 CHUOKEHU S HAarpy3KU Ha OKPYXKaloIIyIo Cpeny.

Ioka3zanu, uTo MpUMEHEeHUE OHO(PEPMEHTAITUMOHHBIX
YCTaHOBOK TIO3BOJIUT B 2 pa3a COKpaTUTh BEIOPOCH 3a-
TPS3HSIONINX Fa30B B IIpoliecce nepepadoTKH HaBo3a U
nomeTa 1 B 60 pa3 yCKOpPUTH MPOIEeCC MPeBPaIICHHS HC-
XOHOTI'O CHIPBS B BEICOKOKAu€CTBEHHbBII KOHEYHBIH po-
JIYKT TIO CPABHEHHIO C JJTUTEIbHBIM BBIJICPKHBAHUEM.
Cpoxku repepaboTKy IPH TEXHOIOTHH IITUTEIEHOTO BBI-
JepkuBaHus B wwtabene cocraBisaoT 160-240 cyTok, a
[P HCTIOJIE30BAHNH OHO(pEePMEHTAIHOHHBIX YCTAHOBOK —
3 cyTok. [loTepu a30Ta B cocTaBe ra3000pa3HBIX BEIOPO-
coB B niepBoM ciryuae gocturaiot 30-50% ot ucxomgHoro
cofiep KaHHUs, a BO BTOPOM — He Ooee 15%.

IIpencraBunu Tunopasmep OHopepMeHTAINOHHBIX
YCTAHOBOK IIPOM3BOJUTEILHOCTBIO OHOI'O MOAYJISI OT
360 o 3600 1/rox.

Omnpenennuian, 9TO UCHOIb30BaHUE HHTEIICKTYalU-
3UPOBAHHBIX MALLIUH JJIS TPAHCIIOPTUPOBKU U BHECEHU
JKOY ¢ HU3KOAIMHUCCHOHHBIMU Pab0OYMMHU OpraHaMu I10-
3BOJIUT CHU3UTh NOTEPH a30Ta pu BHeceHHH 10 50% oT-
HOCUTEIIbHO MPUMEHSIEMBIX B HACTOSLIEE BpeMs TEXHH-
YECKUX CPEACTB.

Pa3paboTanu nudppoByIO CUCTEMY, IS OLICHKH TEKY-
[IeH CUTyalluy U MOACITUPOBAHUS CLICHAPU S TEXHOIOT -
YECKOT'0 Pa3BUTHS U UX BIUSHUS Ha IKOJIOTHYECKYIO
YCTOWYUBOCTD arpOdKOCUCTEM. AJTOPUTM IPOrPAMMBI
peann3yeT IpUHIHAI OalaHCa MUTATENBHBIX BEIIECTB U
IIOMOT'aeT ONTUMHU3HPOBATH MEXKX03SIIICTBEHHBIE CBSI3U
OTIETBHBIX CEIBX03TOBAPOIPOM3BOANTEINEH C IIETIBIO 10-
CTHXKEHM S YCIOBHUI AKOJIOTHYECKON YCTONYUBOCTH. B
MEPCIEKTUBE TaKasi CUCTEMa MOXKET ObITh MacIITabupo-
BaHa JUIS BCEX TEPPUTOPHANIBHBIX CyOBheKTOB Poccnii-
ckoii denepanuy ¢ HEHTPATbHON KOOPANHALIMOHHON
(hyHKIIMEH, KOTOPYIO MOXKET BBITIONHATH MUHCENHXO03.
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MHCTUTYT arpOMHKEHEPHBIX U 9KOJOTHUYECKUX MPOOIIEM CENbCKOX03AICTBEHHOIO MTPOU3BOACTRBA, (pUIIHA
®deneparbHOrO HAYYHOTO arpornHkeHepHoro nneaTpa BUM, Cankt-IletepOypr, Poccuiickas deneparus

Pedepar. [Tokazanu, 4T0 IPOM3BOACTBO OPraHMYECKOM MPOAYKIIMU — 3TO aKTUBHO pacTyIuii MUpoBoii OusHec: B 2017 roxy oH
3aHIMan 6oree 1,4 mporeHTa BCEX CEeNbCKOXO03HCTBEHHBIX YTOHI ITaHETH!. [10M9epKHyIN akTya pHOCT MU(POBU3ALHH Ha (o-
He MOCTOSHHOTO pocTa 0a3bl JaHHBIX, KOTOpbIE (hepMepy HEOOX0AUMO onepaTtuBHO U 3(dexTuBHO 0OpadarsiBats. (Lers uccue-
ooganus) ChopMupoBaTs CTPYKTYpy HH(OOPMAMOHHO-KOMMYHHKAIIMOHHON CHCTEMBI «YMHOTO0» PacTCHHEBOAYECKOTO OPTaHHU-
YEeCKOr0 X03HCTBa 1 HeoOXomMyto 6a3y TaHHEIX Ul ee 00ydeHus 1 obecrieyeHns GyHKIMOHUpOBaHus. (Mamepuanst u memo-
Ovbt) Vcrone30Bany paHee BHITOMHEHHBIC HCCIEOBAHIS, BKIII0UAs CO3NAHHbIC 0a3b! JAHHBIX U HHPOPMAIIHIO U3 JTHTEPATYPHBIX
uctogrnkoB. C 2016 roza s 3amoHeHHS YKCIIEPUMEHTABHBIME TaHHBIMI HHPOPMAIIOHHO 62351 IPOBOAUTCS MHOTO(AKTOp-
HBIH OTBIT ¢ KapToeTIeM B paMKax OpraHUYecKoro ceBoobopoTa. (Pesynsmamul u 0ocyscoenue) CHOpMUPOBAIH CTPYKTYPY UH-
(opMaIMOHHO-KOMMYHHKAIIOHHOH CHCTEMBI «yMHOTO)» PACTEHHEBOAYECKOTO OPTaHUIECKOTO XO3SMHCTBA. 32 €€ OCHOBY IIPHHSIA
U (BPOBYIO KApTy TEPPUTOPHH 1 U(PPOBBIE MOEIH CEIBCKOXO3HCTBEHHBIX KYJIBTYP. Peniy B xo1e paboThI CHCTEMBI €XKETHEB-
HO BHOCHTbH M3MEHEHHS B IIU(PPOBYIO MOJIENb CENbCKOXO3IHCTBEHHON KYIBTYphl HA OCHOBE MOCTYIAIOIIEH arpo3KOJIOTHYeCcKOr
HH(OPMAIHH, @ TAKXKE OATOTOBHTH PEKOMEHIAIMH [0 ONTHMAITBHOMY BEIOODY H HCIIOIB30BAHHIO 0UEPEIHBIX TEXHOIOTUIECKIX
omepaimif. BEISBUIM, YTO B MOJNEBOM OIBITE 32 YETHIPE IOfid YPOXKaHHOCTh KapTodens B KOHTPONbHOM BapuaHTe (Oe3 BHece-
HASL KOMIIOCTA ¥ TIECTHIMIOB) COCTAaBUIA B cpemHeM 21,7 TOHHBI Ha TEKTap, a IPU UCTIONH30BAHAN KOMIIOCTA U OHOGyHT I
Kaproun ona yBenuuunacs 1o 26,7 TOHHbI Ha TekTap. PaccuuTany ypaBHEHUs MHOXKECTBEHHOI JIMHEHHON perpeccuu, OMUChI-
BAIOIIME 3aBICUMOCTB COZICPKAHMS MIHEPAIBHBIX (POPM a30Ta B TI0YBE B HIOHE OT CYMMBI aKTHBHBIX TEMIIEPATyp B 3TOT IEPHOJ
¥ 1103bI KoMmItocTa (koad¢uiment xoppensiun 0,658) 1 3aBHCHMOCTD YpOXKaHHOCTH KapTodens OT comepkKaHus B OYBE MHUHE-
paBHBIX (hOpM a30Ta B MEPBYIO IEKaTy MIOHS U CYMMBI AKTHBHBIX TEMIIEpaTyp B Mae — uroHe (ko3dduiment xoppemnsnuu 0,667).
(Bwi6oowr) [IpencraBumm cTpyKTypy HHPOPMAITHOHHO-KOMMYHUKAIIMOHHON CHCTEMBI OPTAHIMIECKOTO CENbXO3PEATPHATHS, 000-
CHOBAJIH BO3MOXKHOCTb €€ TOJNHOM peann3aliy B KauecTBE HHCTPYMEHTA, OMOTAIOIIET0 arpoNpoU3BOIUTENAM OCYIIECTBIATh
9KONIOTHYECKH 0e30ITacHOe, KOHKYPEHTOCTIOCOOHOE 1 3 (DEKTHBHOE OpPraHWYECKOe TIPOM3BOIICTBO HAa HOBOM YPOBHE.
KaroueBble cii0Ba: opraHmueckoe NMpOM3BOACTBO, HHYOPMALOHHO-KOMMYHUKAIOHHAs CHCTEMA, YPOKAHHOCTb KapTodes,
MUHEpaIbHBIEe (JOPMBI a30Ta B TIOYBE, IIOTOIHBIE YCIOBHSL.

IR uuTupoBaHusi: Munus B.b., 3axapos A.M. 3amaun u cTpykTypa HHGOPMAITHOHHO-KOMMYHHKAIITUOHHON
CUCTEMBI KYMHOT'0» OpPraHU4ecKoro Xo3siicTBa / Cenbckoxossiicmeenuvie mawiunvl u mexnonoeuu. 2021. T. 15. N4.
C. 56-64. DOI 10.22314/2073-7599-2021-15-4-56-64.
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Abstract. The authors showed that the organic production is an actively growing global business: in 2017, it occupied more
than 1.4 percent of all agricultural land on the planet. The authors emphasized the relevance of digitalization with the constant
growth of the database, which the farmer needs to process quickly and efficiently. (Research purpose) To form the structure of
the information and communication system for the «smart» crop organic farming and the database necessary for its training
and ensuring its functioning. (Materials and methods) The prior research was used, as well as previously created databases
and information from the existing literature. Since 2016, a multifactorial experiment with potatoes has been carried out as
part of an organic crop rotation to fill the information base with experimental data. (Results and discussion) The structure
of the information and communication system of the “smart” organic crop production has been formed. It is based on the
territory digital map and agricultural crop digital models. In the course of the work of the system, we decided to make daily
changes to the digital model of agricultural crops based on the incoming agroecological information, as well as to prepare
recommendations on the relevant choice and use of the planned technological operations. It was found out that in a four-
year field experiment, the potato yield in the control variant (without the introduction of compost and pesticides) averaged
21.7 tons per hectare, and when using compost and biofungicide Kartofin, it increased to 26.7 tons per hectare. The authors
calculated multiple linear regression equations describing the dependence of the nitrogen mineral form content in the soil
in June on the sum of the active temperatures during this period and the compost dose (the correlation coefficient is 0.658);
and the dependence of potato yield on the nitrogen mineral form content in the soil in the first ten days of June and the sum
of active temperatures in May-June (the correlation coefficient is 0.667). (Conclusions) The authors presented the structure
of the information and communication system of an organic agricultural enterprise, substantiated the possibility of its full
implementation as a tool that helps agricultural producers to carry out environmentally safe, competitive and efficient organic
production at a totally new level.

Keywords: organic production, information and communication system, potato yield, mineral forms of nitrogen in the soil,
weather conditions.

BFor citation: Minin V.B., Zakharov A.M. Zadachi i struktura informatsionno-kommunikatsionnoy sistemy «umnogo»
organicheskogo khozyaystva [Objectives and structure of the information and communication system for "smart"
organic farming]. Sel’skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N4. 56-64 (In Russian). DOI

10.22314/2073-7599-2021-15-4-56-64.

POM3BOJCTBO OPraHU4YECKON MPOAYKIMU — ITO

aKTHBHO pacTyuuii 6usHec. B 2017 rongy oH 3a-

HUMAaI OoJiee 1,4 MPOIIEHTA BCEX CEThCKOXO03SH-
CTBEHHBIX YTOAUI MIaHeThl. AHAIN3 MeTa-Habopa JaH-
HBIX IT0Ka3aJ1 OTHOCHUTEIHHO HEOOIBIINE pa3IHnyus B ypo-
KaMHOCTH MEXK Y OPraHUYECKUM U TPaIULIUOHHBIM CEIlb-
CKHMM X03s1icTBOM — 15,5-22,9%, KOTOpBbIE CHU3UIUCH JI0
8-9% Tpu UCTIIOJIB30BAaHUY METOJIOB JUBEPCHDHUKAIINHT
[1]. Bkiag opraHUYeCKUX CUCTEM B CMSTYEHUE TOCIe-
CTBUM U3MEHEHU I KJIMMaTa B X0/1€ 0TKa3a OT MUHEPAJIb-
HBIX YAOOpEHUN COKpalllaeT exXerolHbIe BHIOPOCH Mmap-
HUKOBBIX Ta30B B CEIILCKOM x03sticTBe Ha 20%, a Bcaea-
CTBUE CBsI3bIBaHUs yriepona — Ha 40-72% [2].

K navany 2020 1. B CBSI3M C BCTYIUIGHUEM B CUITy 3a-
koHa Ne280-®3 o1 03.08.2018 u psima rocynapcTBEHHBIX
cranaapToB B Poccuiickoit @enepannu pakTUIECKH cII0-
KHUIIOCH 3aKOHOAATEIBHOE 00eCIIeueHNE OPraHMIeCcKOro
npousBozacTaa. [Ipu ynpaBineHnn NpoayKTUBHOCTBIO Op-
TaHUYECKUX arPOIKOCUCTEM HEOOXOAUMO yUUTHIBATH
MHOXECTBO X035 HCTBEHHO 3HAYMMBIX IIPOLIECCOB U (haK-
TopoB [3]. TexHOJOTUM pacTeHUEBOJCTBa MHOT000pa3-
HEIL: TayKe OMH IPOIECC MOXKET OBITH peain30BaH He-
CKOJIbKUMH criocobamu. Mcnonb30BaHUEe MapaMeTPOB
YIIpaBICHUS U OTPAaHUYUBAIOIINX IKOJOTHIECKUX (ak-
TOPOB MO3BOJISIET BHIOPATH aIeKBATHBIC TEXHOJIOTHH H
CO3/aTh IPOTPaMMBI yIIPaBJIEHHS IPOLYKTUBHOCTBIO [4].

B VYxase [Ipesungenta Poccuu ot 7 mas 2018 . Ne204

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

«O HaIIMOHANBHBIX HEJIX U CTPATETHIEeCKUX 3aJa9ax
pazButus Poccutickoit ®enepannu Ha nepuon o 2024
rofia» TOCTaBJIeHA 3a1a9a BHEAPEHIS TH(PPOBBIX TEXHO-
JIOTUH B TPUOPUTETHBIE OTPACTH SKOHOMHKH, BKJIIOUAs
cenbcKoe X03siicTB0. COOTBETCTBYIONIAS HayYHas 0a3a
B arpapHOM IIPOU3BOCTBE MPEIyCMaTPUBAET CO3/IaHHE
WUHTCHCHUBHBIX MAIlITMHHBIX TeXHOHOFHﬁ, OHEProHacChIICH-
HOW TEXHHUKHU HOBOTO ITOKOJICHHUSI, POOOTH3UPOBAHHOTO
000pyI0BaHUS U HCIIOIB30BaHUS IU(PPOBBIX CHCTEM [5].
Pa3zpaboTana opraHu3amroHHas MOJEIb CETbCKOX035TH-
CTBEHHOTO IIPEATPHUATHUS, TO3BOJISIONIAS Ha 0a3e coBpe-
MECHHBIX I/IH(l)OpMaHI/IOHHO—KOMMyHI/IKa]_II/IOHHI)IX TEXHO-
JIOTHH OCYHIECTBIISITH HHTETPALIHIO BCEX TEXHOIOTHYC-
CKHX 3BCHbLCB MPONU3BOJACTBA, O6CCHC‘{I/IBaTL HETIPCPBIB-
HOCTH OTCJICKUBAHUSI CPOKOB M KaUECTBA BHITIOTHEHUS
TEXHOJIOTMYECKHX orepanuii [6].

Jns1 opraHnyecKuX MpOU3BOAUTENECH NCTIOTIB30BAHME
UHPOPMAITHOHHBIX TEXHOJIOT M )KHU3HEHHO HEOOX0IUMO,
TaK KaK UM CJIeJyeT IIOCTOSHHO OPUEHTUPOBATHCS Ha pa3-
BHTHE IPAPOTHBIX IIPOLECCOB H COCTOSHIE ar POIKOCHCTEMBI.
Buenpenune nnpoBbIX TEXHOIOTUH, aBTOMATH3AIMH TPO-
M3BOJICTBEHHBIX U IPYTHX IIPOIECCOB IOBBICAT 3P Pek-
TUBHOCTb OPTaHUYECKOro MPOU3BOJCTBA Onarogaps 0o-
Jie€ 5KOHOMHOMY UCIIOJIb30BaHUIO pecypcoB [7]. 'pynna
aBTOPOB pa3paboTalia mporpaMmy Mt paboTHI ¢ opra-
HUYECKUMH yIOOPEHUAMH, UCTIONB3YIOIIY 0 MOJIEIH pa3-
BUTHS PACTCHUH, pa3MEIIEHHYI0 B «00JIaKey», Kyaa gep-
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Mep MOXKeT BEIXOIHTH uepe3 cMapTdoH [8]. Jpyroe Ha-
npaBJeHne NUGPOBU3ALNN — IPUMEHEHHE TIOJIEBBIX PO-
0OTOB B OPraHMYECKUX XO3SUCTBAX, B YACTHOCTH IS
60pbOBI C COPHOI PACTUTENBHOCTHIO, KOTOPAsi MOKET 3Ha-
YUTEIHHO PaCIPOCTPAHATHCS B OPTaHMYECKUX MOCEBAX,
uTo ycranoBiieHo B CeepHoit Espore [9, 10].

[Tpu cozpanny HHPOPMALTUOHHOM CHCTEMBI ISl yIIPaB-
JICHUS TIPOU3BOJCTBOM OPTaHUIECKON PacTEHUEBOIUC-
CKOM MPOIYKIIUU HEOOXOAMMO OpUEHTUPOBATHCA Ha TO-
TpeOHOCTH OCHOBHBIX KYJIBTYD, BXOJSAIINX B CEBOOOO-
pot. 111s uccienoBanus BEIOpATH KapTOPEIb, TPETHIO IO
BaXXHOCTH ITPOIOBOJILCTBEHHYIO KYJIBTYPY B MUpE [OCIIEe
puca ¥ MIIeHUIIBL, TPOU3BOASIIYIO OONBIIE KaJOPHi Ha
rekTap, 4em 3epHoBbIe. [Ipy opraHn4ecKkoM MpoOU3BOI-
CTBE KapTo(ess He UCTIONB3YIOT F'eHETHYSCKU MOTU(H-
UPOBaHHBIN CEMEHHOM MaTepHual, a mojiyqaeMas mpo-
JIYKIHS OOBIYHO TIEHHEeE JJIs1 MUTaHU S, TaK KaK coaep-
JKUT OOJIbIIIe BUTAMUHOB U B HEH OTCYTCTBYIOT OCTATOY-
HbIE Kor4decTBa nectuiuaoB [11]. B muteparype onuca-
Ho Oonee 30 Monenei pa3puTus kaprodens [12]. Kamu-
OpoBaHHas v MPOBEpEeHHast OMopHU3nUecKast MOJEIb YIyU-
[IaeT yIpaBJIeHUE TyTEeM IPOTHO3UPOBAHUS PEAKIIUN
YpOXKaHHOCTH M pa3Mepa Ki1yOHel KapTodelns Ha yIpaB-
JICHYECKHE PELICHUs U CTpeccoBble coObITus [13].

LIEnb NCCNEQOBAHUSA — GOPMHUPOBAHNE CTPYKTYPHI
MH(POPMALIMOHHO-KOMMYHHUKAIIHOHHON CUCTEMBI «YM-
HOT'0» OPTaHMYECKOT'0 X035 HCTBA U 3alI0JIHEHHE 0a3bl
JAHHBIX YKCIIEPUMEHTAIBHON HH(POPMAIUEH, OITCHIBA-
IOIIeH pa3BUTHE KapTO(eIs.

MATEPUANBI M METOAbI. PeriieHne 3a1a4u OCHOBBIBA-
©TCsI Ha paHee BRINOJHEHHBIX HCCIEIOBAHUAX MO CO3/a-
HHIO COOTBETCTBYIOIIUX 0a3 TaHHBIX U HHPOPMAITUH,
B35TOM U3 IUTEPATyPHBIX UCTOUHUKOB [3].

Jist coopa sxcnepuMeHTanpHoN nHopManuu ¢ 2016T.
MIPOBOJUTCS MOJIEBOM OMBIT B COCTaBE 6-MOJIBHOTO MO-
JIEBHOTO OPraHNYECKOr0 CeBOOOOPOTA, BKITFOYAIOIIETO
KapTo(eib, CBEKITy CTOIOBYIO, HECKOJIBKO TOJIEH ¢ MHO-
roJIETHUMH TpaBaMu. [TouBa ONBITHOTO y4acTKa — Jiep-
HOBO-TIOA30JIUCTAS JICTKOCYTIIMHUCTAS TIIeeBaTast Ha OCTa-
TOYHO KapOOHATHOM MOpPEHOM cyrinuHke. OHa xapakTe-
pu3syeTcs c1abOKHUCI0H peakuelt Cpeasl, JOCTaTOYHBIM
3a1acoM MUTATEIbHBIX AIEMEHTOB U BEICOKAM COZIEpIKa-
HHEM OpraHUYecKoro BemecTna [14].

B MHOTO(aKTOpHOM OIBITE C KapTodesieM u3ydaeT-
sl IeficTBUE ABYX I'PYIII (haKTOPOB:

« YPOBEHb MHHEPATHHOTO MUTAHUS, PETYIHPYEMBIH
BHECEHUEM KOMIIOCTA;

- neficTBue OnodyHrunuaHOro Mpenapara Kapropus,
CK, co3mannoro Ha ocHose mramma Bacillus subtilis-115-12/23,
MOJIyYE€HHOTO B PEe3yJIbTaTe MIUPOKOTO CKPUHUHTA MH-
KpOoOOB-aHTAarOHUCTOB, BXOASIINX B cocTaB locynap-
CTBEHHOU KOJUIEKIIUU MHKPOOPTaHMU3MOB, TATOT¢HHBIX
Jns pacteHui u ux speauteneit ®I'bHY BU3P [15].

Bo3zaenbiBanu kapTodesb copTa Yaada, paioHUpo-
BaHHBIH 14 JIeHuHrpaackoit oonactu. [llupruna mexy-
panbs 0,7 m.
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HccnenoBanmust mpoOBOIILIACH C KOMIIOCTOM, TIPOU3BE-
JICHHBIM Ha OCHOBE KYPHHOT'0 TIOMETAa HHTYCTPUATBHBIM
croco6oM B OnokoHBekTOpe [16]. cronb30Banu Tpu J10-
3bI KOMITOCTA, PACCUUTAHHBIC IO MOCIEIOBATEIHFHO BO3-
pacTaromemMy B 2 pa3a KOJTUYECTBY COEPKAIIET0Cs B HEM
aszora: 40; 80 u 160 kr N/ra. KoHKpeTHBIE 03Bl pacCUYH-
TBIBAJIM TOCJIE aHAIN3a yA0OpEeHUS, IPUTOTOBICHHOT'O
TSI ACTIONTB30BaHUS B OIIBITE.

KnyOHu kaprodens oopadbaTeiBaIu BO BpeMs oca/l-
ku Kaprodpuaom CK (3 1 Ha 1 T mocalouHOrO MaTepHa-
71a), 7151 9eT0 Ha Ca)KaJIKy YCTaHOBHIIH CIIEIIUATBHO pa3-
paboTaHHBIN ONPBICKUBATENb. DTUM ke OHO(yHTHITH-
oM 00pabaTHIBAIIN JINCTHS BO BPEMsI BETCTALINH KYIIhb-
TYPBI, IEPEMECTHB ONPBHICKUBATEINb HA KyJIBTHBATOP.

Mexaypsaaayto o0paboTKy MPOBOIUIHU C UCTIONH30-
BaHUEM SKCIEPUMEHTAIHHOTO 00pa3iia mponanHoro
KyJIBTHBATOPa OPUTHHAIBHON KOHCTPYKIIHH, 00SCIIeI -
BalolIero rioyookoe perxieHue. CoOpHas pacTUTEIBHOCTD
yAaIsIach MEXaHUYECKUM CII0OCOOOM € TOMOIIBIO O0po-
HOK bPVY-0,7, BXOAsmux B cocTaB KyJIbTHBATOPA.

ITnomans genstaku 5,6 x 11 = 61,6 M2, TOBTOPHOCTH
4-xpaTHasl, pacIoIOKCHHUE ACTSTHOK PEHIOMU3NPOBAH-
HOE.

O0pa3iibl mouBbl 0TOMpaIu U3 naxoTHoro ciost. Co-
nep>KaHre aMMOHWS 1 HUTPATOB B IIOYBE, a TaK)Ke HU-
TpaToB B KapTodese onpeaensii HOHOMETPHUECKUM Me-
tomoM, ['OCT 26951-86.

[Mony4eHHbIE B OIBITE 32 P/ JIET aHATUTHYCSCKUE TAH-
HbIe 00bESMHEHBI B €IMHYIO 3JIEKTPOHHYO 0a3y TaHHBIX
1 00paboTaHbl IpH MOMOIIHU IporpaMmbl CTaTUCTHKA,
Bepcus 10.

PE3YNBTATLI M OBCYXXAEHUE. ATpOIIPOM3BOAUTEIND B
TEUYECHHUE BETETAI[MOHHOTO MEPHO/A TOKEH IPUHUMATH
6osee 40 pa3TUYHBIX OpraHU3aHOHHBIX U YIIpaBICHYC-
CKHX PEUICHHUH, KaCaIOIIMXCsI BBIOOpa COPTOB, BUA, 10-
3Bl U C1I0C00a BHECEHHU S yIOOPEHUH, 11eJ1eCO00pa3HOCTH
MPOBEIEHI S TOH Wi HHOM 00pabOTKY TOYBBI, HOPMBI BEI-
CeBa, MPOBEICHUS MEPOIIPHUSITHIA O 3alIUTE PACTCHUH U
yoopke [17]. UHpOpMaIHOHHO-KOMMYHUKAITHOHHAS CH-
cTeMa YMHOTO OPraHUYECKOTO CEIbCKOX03SICTBEHHOIO
NPEANPUATHS 00ecTieunBacT HAyYHO 0OOCHOBAHHYIO TIOI-
NEPXKKY TIPUHATHS PEIICHUH 110 BEIOOPY U COMPOBOXK/IE-
HUIO aJalITUBHBIX TEXHOJIOTUN BO3CIBIBAHUSI CEIIBCKO-
XO3AHCTBEHHBIX KYJIBTYp B yciaoBusax CeBepo-3anamaHo-
ro peruona Poccuu. Pa3zpabotka cTpykTypsl MHpopMa-
[IUOHHO-KOMMYHHUKAITHOHHOM CHCTEMBI YMHOTO OpraHH-
YECKOT0 CeNIbCKox03stiicTBeHHOTO npeanpusitus (MKCVY-
OCII) ocHOBaHa Ha CIENYIOUUX 0a30BBIX MPUHIIUIIAX:

- HHTerpanus: o0padaTeiBacMble TaHHBIC, OJTHAK b
BBEJIEHHBIE B CHCTEMY, 00pa3yIoT einHoe HH(OpMAaIIH-
OHHOE ITPOCTPAHCTBO, KOTOPOE MHOTOKPATHO HCIIOIB3Y-
€TCsI JUIsl pelIeHUs OOJIBIIOTO YHCTa 3a/1ad;

- CHCTEMHOCTB: 00pa0OTKa JJaHHBIX B Pa3JIMYHBIX
acIeKTax, 4YTo0bl MOJTYyYUTh HHPOPMAIIHIO, HEOOXO/IH-
MYIO JIUIsS IPUHSITHUS PEIICHUI Ha BCEX YPOBHSIX yIIpaB-
JICHUS,;
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- KOMILTEKCHOCTh: MEXaHH3alHsI K aBTOMAaTH3aIUS
npoleyp Mpeodpa3oBaHuUs JaHHBIX Ha BCEX ITanax QyHK-
HUOHUPOBAHUS HH()OPMAITOHHOMN CHCTEMBI;

- THOKOCTB: CIIOCOOHOCTH CHCTEMBI JIETKO MEHSThCS
MIPU U3MEHEHUHU CTPYKTYPHI U (MJIH) YCIOBUH QYHKITHO-
HUPOBaHUS PEATIPUSATHUS;

- caM000y4aeMOCTh: CUCTEMA, «aHATTU3UPYs» BHIOOP
peIIeHnH T0Ib30BaTENs, IOy 9aeT 3HAHUSL, KOTOPBIE T10-
BBIIIAIOT 3((hEKTUBHOCTD €€ pabOThI;

- OTKPBITOCTH (MACIITAOUPYEMOCTH): TFOOBIC U3MEHE-
HUSI, BHOCUMBIC B CUCTEMY (BHEIPEHUE HOBBIX KOMIIO-
HEHTOB, 00HOBJICHUE 3aKOHOJIATENbCTBA, PEOPraHn3aLHsl
MPEANPUATHSA U T.I1.), HE TPEOYIOT U3MEHEHUs ee 6a30-
BO# 4YaCTH, TO €CTh HE HAPYIIAIOT (PYHKIIMOHUPOBAHUS
CHCTEMBI, UTO MIO3BOIISIET BAPBUPOBATH «Pa3Mep» CHCTe-
MBI, TPOCTO JOOABIISS K 0a30BOI YaCTH HY KHBIE KOMITO-
HEHTEHI.

[Ipu nmpakTHYeCKH OPUCHTHPOBAHHOM MOAXOIE Pa3-
pabotku UKCYOCII pex e Bcero HeoOX0uMO PEIInTh
4yeThIpe 0a30BbIC 3a/1a4H:

« OIIPENIeNTUTh ¥ (POPMATN30BATh METOIUKY arpOIKO-
JIOTHYECKOTO MOHUTOPHHTA, TO €CTH OTIPENIEIIUTE CITUCOK
HMCTOYHHUKOB HH(POPMAIIUK 00 arpOdKOJIOTHIECKOM CO-
CTOSIHUU NPEIIPHUATHS U MEXaHU3M ee 00padoTKH;

- pa3paboTaTh apXUTEKTYPY CHCTEMBI, TO €CTh (YH-
JaMEHTAJIBHYI0 OPTaHHU3aIMI0 CHCTEMBI, Pealn30BaH-
HYIO B €€ KOMITOHCHTAX, CBSI35IX KOMIOHEHTOB JIPYT C IPY-
T'OM U BHEIIIHEH CPeloil M MPUHIUIIAX,, OPEACISIOIIINX
CTPYKTYPY U Pa3BUTHE CUCTCMEI,

« HaliTH 6a30BOE MporpaMMHOe oOecriedeHue (Takoe
kak CYB/l, WCB-cepBep) 115 pealu3allii CHCTEMBI Ha
€Tr0 OCHOBE;

« BBIOpATh JATYUKH U CETEBOE 000PY/JOBaHHE.

OcHoBy UKCVYOCII cocrasmnsitotr mudpoBas Kapra
TEPPUTOPHH, ITIUYPOBBIC MOACITH CEBCKOX03IHCTBEHHBIX
KyJBTYpP U HECKOJIBKO 0a3 maHHBIX (puc. 1). Ha mudpo-
BOH KapTe OyayT IpeICcTaBICHBI CISAYIONNE JAHHEIC:

+ CEJIbCKOX03HCTBEHHAsI MHQOPMAIIUSL: pa3MeIleHHEe
3eMENBHBIX YTOJUN, TOCEBOB, TIOCTPOEK XO3SHCTBA, O-
pOXHAs CETh;

« nHGOPMAIUS O TPHPOTHBIX PECypcax pacloIoKeH-
HBIX HA TEPPUTOPUHU: TOYBEHHBIH IIOKPOB, arPOXUMUYEC-
CKasl XapaKTePUCTHKA MIOYB, BOAHAS CETh.

HNKCVYOCII ananu3upyoT U GOpMaTH3yIOT:

« cXeMbl HH()OPMAITMOHHBIX TTOTOKOB, OTPAKAFOLITHX
MapIIpyThl IBHXKEHUSI UHPOPMAIIUU U €€ 00BEMBI,

« MeCTa BOSHHKHOBEHHS MIEPBUYHON HHPOPMALIUU U
HCTIOJIb30BAHUS PE3yNbTaTHON HH(OpMAIIHL.

[octpoenne cxeM HHPOPMAITOHHBIX TIOTOKOB, TI0-
3BOJISIET BBISIBUTH OObEMBI HHPOPMAIIUU U IPOBECTH €€
aHaJU3, YTO HEOOXOMUMO TSI POPMUPOBAHUS SITHHOTO
WH(POPMAIMOHHOTO IPOCTPAHCTBA CUCTEMEI.

Hcnonp3oBanne qaHHON HHOOPMAIITMOHHOM TEXHOJIO-
THH CO31aeT BO3MOKHOCTB YP(PEKTHBHO peaTH30BbIBATh
CHCTEMY yIpaBJIEHHs, CBOEBPEMEHHO OTPaXKaTh 00beK-
THBHYIO KAPTHHY SKOJIOTHIECKOTO H TEXHOJIOTHIECKOTO
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MudopmaluonHo-
KOMAMYHHKALAOHHAN

information

Ea3n panHbIx
Datz Bases

MIOHATORMHFOBAA CHETEMD
Monitoring System

Mereo cranuyR
Meteo station

TEXHMMECHHE CREACTRE
Technical ms

Puc. 1. Cmpyxmypa ungopmayuonHo-KOMMYHUKAYUOHHOU cucme-
Mbl (YMHO20Y» OP2AHUYECKO20 CENbCKOXO3AUCMBEHHO20 NPEOnpusi-
must

Fig.1. The structure of the "smart" organic agricultural enterprise
information and communication system

COCTOSIHUSI IPEATIPUSTHS M POPMHUPOBATH PEKOMEH /1A~
IIUH TI0 €TO0 YIyUYLICHUIO.

Pesynpratom cTaHeT MHOrOMEpHasi KapTUHA TTPOUC-
XOJISIIIIET0, C BU3yaTH3alueil TaHHBIX B YJOOHOM H ITO-
HATHOM BHJIe. DKCIIEpTHAs CUCTEMa Ha OCHOBaHHUH JaH-
HBIX, HAKOIIJICHHOT'O OIBITA 1 33IaHHOT0 HA00opa KpHUTe-
pHUEB ONITHMU3AIUH BEIONpACT HaUIydIlee pemenne. B
CBOIO 0Yepe/Ib CUCTEMAa MOJICITUPOBAHHUS TIO3BOJISET pac-
CUHTATh U OLICHUTH PE3YIIBTATHl Pa3IMIHBIX CHIEHAPHEB,
4yTO 0OecrneynBaeT pa3HOCTOPOHHEE PACCMOTPEHHE BhI-
OupaeMoro MEpOIPUSATHS.

OcHoBHas 3aJla4ya CUCTEMbI MOJEIUPOBAHUS — ITO
yIpaBJcHHUE, B ANHAMUKE, Pa3BUTHEM LIU(PPOBOM MOAEIH
CENbCKOXO035HCTBEHHOH KyJIBTYPBI OT MOCAAKH 10 YOOp-
ku. ExxenqHeBHO mocTynaromas nHPopManus OT METEO-
CTaHIINH, TOYBCHHBIX JaTYNKOB U JaHHBIC IO PE3yNbTa-
TaM 00J1IeTOB OECIUIIOTHBIMU JIETaTeIbHBIMU annapaTa-
MU OynieT 00pabaThiBaThCs THPOPMAIIMOHHOM CUCTEMOM.

Bri6panHas nudpoast MOAENs JOJKHA TPOBOAUTH
CIKEAHCBHBIC USMCHCHU S, B COOTBETCTBHUU C NOCTYIIUB-
meid nHGopManKel MoATOTaBINBATE CIICHAPHH 1aJTh-
HEeHIIero pa3BUTHS KyJIbTYPbl H PEKOMEHAAIUH TI0 OTI-
THMaJBFHOMY BEIOOPY BPEMEHH OCYIIECTBICHHUS TEXHO-
jorudeckux onepauuid. [Ipu sTom pazsutue kapTodens
omnpezeNsieTcsl CpeAHECY TOYHOM TeMIepaTypoi Bo3ay-
xa. [Ipy HaKOIIJICHHH COOTBETCTBYIOIIEH CyMMBI TEMIIE-
paTyp OCyUIeCTBIISIETCS IEPEXO/] U3 OHOM (ha3bl pa3Bu-
THS KapTodens B [pyryo. HemoctaTku BOMHOTO MITH TH-
TaTeJIBHOTr0 PEKUMOB, a TAKXKE MPOsIBJIEHUE 00JIe3HEH U
BpEIUTEINCH 3aMeIIAIOT CKOPOCTh Pa3BUTHUS KYIBTYPHI,
YTO OTPa)kaeTcsa B MOJIEIH.

IIpeameTHBIC 00JACTH OMUCHIBAIOT KaK CaMy arpo-
9KOCHUCTEMY, TaK ¥ BO3ACHCTBYIONINE Ha HEe PaKTOPHI:

- TEPPUTOPHU A, Ha KOTOPOI HAXOIUTCA arPOIKOCUCTEMA;

- IOYBA arPO3KOCHCTEMBI;

- CEJIbCKOXO3SIIICTBEHHBIE KYJIBTYPHI;

- COpHAsI PACTUTENBHOCTD;

- BPEIUTEIIH;

- 00e3Hy;

- CENIbCKOX03AMCTBEHHBIEC TEXHHUECKUE CPEICTBA;
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- arPOXUMUKATEI ¥ YTy YIITUTEIH TI0YBEI;

- arpOMETEOPOIOrHUECKUE YCIOBUSL.

Yactu 62351 ZTAHHBIX, 32 KOTOPBIMH 3aKPETICHBI 3 TH
IpeaMETHbIE 001aCTHU, JOIKHBI ObITh 3aII0JIHEHBI COOT-
BeTCTBYIOMIEH nHpopManueit. Hampumep, mpenMeTHas
00J1acTh «TEPPUTOPHS» AOJDKHA BKIIOYATH MECTOIIOJO-
JKeHHeE, pelbed MECTHOCTH, PACIIONIOKEHHE oIS, 10-
POXXHYIO CETh; IpeAMETHAS 00JaCTh «CEITbCKOXO03sIH-
CTBEHHBIE KYJIBTYPb» 00BEAUHSAET BUABI K COPTA KYJIb-
TYp, XapaKTEPHCTHUKY COPTOB.

biin3kue 1o 3ajauaM BEIIIOJIHEHU A CUCTEMBI pa3pada-
THIBAET LENbIN paj yuensix [13, 17].

CO0p IKCIIEPIMEHTANBHBIX JaHHBIX IS UCTIONH30-
BaHUs NH(GOPMALMOHHOM CUCTEMOM OoCyIIecTBIIsIETCS B
TMIOJIEBBIX SKCIIEPUMEHTAX U OIBITaX, 3aJ0KEHHBIX B ITH-
JOTHBIX (ePMEPCKHUX XO3SHCTBaAX.

C 2016 1. BeneTcs 3KCIEPUMEHTAIBHBIN OpraHuye-
CKHI c€BOOOOPOT, B KOTOPOM OTPabaTHIBAIOTCSI MOJEIH
yIpaBJICHUs NPOAyKIMOHHBIM IIporieccoM. Bee skcre-
pUMCHTaJIBFHBIC JaHHBIC 3aHOCITCS B SANHYIO 0a3y JaH-
HbIX «OnBITY, 4TO MO3BOJIAET 00pabaThIBaTh UX JOCTA-
TOYHO OBICTPO. HYKe MpUBOASTCS PEe3yNBTaTH, KOTOPEIC
BkurodaroTest B UKCYOCITI.

J7151 OLIeHK UM OTOJTHBIX YCIIOBHH HCTIOJIb30BAJIUCH 1BA
HWHTETpaTbHBIX TOKA3aTells: CyMMa aKTHBHBIX TEMIIEpa-
Typ (601ee 10°C) u 'TK no CensaunoBy (maba. I). Crne-
IyeT OTMETHUTB, UTO €CITH CyMMa aKTUBHBIX TEMIIEPATy P
XapaKTepu3yeT TEIIOBOH U CBETOBOU PEKUMBL, TO T'H-
nporepmudeckuii korpournuent (I'TK) spusercs kom-
IJICKCHBIM TTOKa3aTeJIeM, OTPAKAIOIIUM KaK TEIUIOBOM,
TaK ¥ BOJHBIA PEXKUMBI aIPO3KOCHCTEMBIL.

[IpencTaBneHHbBIC TaHHBIE CBUACTEILCTBYIOT O CyIIIE-
CTBEHHBIX Pa3JIUYHIX B pACCMAaTPUBAEMbIX IOKA3aTENAX
Mex 1y rogamu. Hamnbomnee paBHOMepHOE oOecTieueHne
TEIJIOBBIMU U BOJHBIMU pecypcaMu oTMeueHo B 2019T.

Brimn coOpaHb! faHHBIC O COACP)KAHUN MUHEPATbHBIX
(hopM a30Ta (BKITIOYAOIIAX HATPATHI © aMMOHUHBIH) B
MOYBE B KOHIIE Masi — Ha4aJIe U0, TIepe]l T0Ca KoM, BO
BpeMs ITpopacTaHus KapTodems u Hadana akTHBHOTO Ha-
KOTIUIeHHUsI OMomacchl (maba. 2). Ucnonb3yemasi B OIbITE
MOYBa OBIIa XOPOIIO OKYJIBTYPEHA, C MOBBIIIEHHBIM CO-
JepKaHHEM OPTaHHYECKOTO BEIIECTBA.

IIpu co3nannu 61aronpuUsTHBIX YCIOBUH, 00ecriedn-
BaIOIINX Pa3BUTHE MUHEPAIN3AIIHOHHBIX IIPOLIECCOB,

POCCUINCKUA CUMMNO3NYM
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IaXke B KOHTPOJIBHOM BapHaHTE OTMEYAJIOCh HaKOIIJIe-
HUE JOCTAaTOYHO 3HAYUTEIbHOT'0 KOJIMYECTBa MUHEPATb-
HBIX (hopM a30Ta B mouBe (110 30,7 MT N/KT IMOYBHI B TIEp-
Boii nekane uioHs B 2019 . m 10 72,4 Mr N/KT IIOYBHI B
HauaJie utojist B 2020 r).

Hcnonp30BaHne KOMIIOCTA CYIIECTBEHHO aKTHBU3H-
POBAJIO 3TOT MPOIIECC, YTO XOPOILIO 3aMETHO B IIEPBYIO
IeKay WIOHS, 10 Hadaja aKTHUBHOT'O OTPEOIICHUS TH-
TaTeJIbHBIX BelIeCTB KapTodeneM: conepxaHue MUHe-
pa’pHBEIX (POPM a30Ta B IIOYBE B CIyYasiX C BHCCCHUEM
KOMITIOCTA B JI03€, COOTBETCTBYIomIeH 80 kT NV/ra, B cpea-
HEM IIPEBLIIIATI0 KOHTPOJIb HA 6-8 MI/KT ITOUYBEI.

Coneprkanre MUHEpPAIBHBIX (DOPM a30Ta B ITOYBE B
WIOHE 3aBHCHT OT J]03bI KOMIIOCTAa U CYMMBI aKTUBHBIX
TeMIiepaTyp B uroHe (puc. 2).

Var3 =-46.4333+40.1353 x+0.1204-y

=50
N < 46
<36
= <26
<16
<6
<4

Puc. 2. 3asucumocmo cooepaicanuss MmunepanbHo2o azoma 6 noy-
e (Var 3) om 003wl komnocma (Var 5) u cymmol akmusHuix mem-
nepamyp 6 utone (Var 10), kosgguyuenm muodxcecmeenHol Kop-
perayuu R = 0,658

Fig. 2. Dependence of mineral N content in the soil (Var 3) on the
compost dose (Var 5) and the sum of active temperatures in June
(Var 10); multiple correlation coefficient, R = 0.658

[IpoBenena craTucTuyeckas o0paboTKa JaHHBIX 32
4rona. Kak BHeCEHHE KOMIIOCTA, TAK ¥ yBEJIMYEHHE CYM-
MBI aKTUBHBIX TEMIIEPATYP CIOCOOCTBYIOT HAKOTLIEHHIO
MHUHEpaJIBHBIX (OPM a30Ta B [I0YBE, IPUUEM C CHHEpre-
TH4YecKUM 3¢ pekToM. YpaBHEHHE O3BOIISIET IPOrHO3H-
pOBaTh cofep)kaHie MUHEPAIBHBIX ()OPM a30Ta B ITOYBE
B YCIIOBHSIX Halero onbiTa. [1o pe3ynbsraram omnbita ycra-
HOBJICHO CYIIECTBEHHOE BIUSHHE COACPKAHHISI MIHE-

Mrasnaa 1 e 11
METEOPONOrMYECKUE NOKASATENN 3A BETETALMOHHBIN nEPnoa B 2017-2020 rr.
METEOROLOGICAL INDICATORS FOR THE GROWING SEASONS IN 2017-2020

CyMMa aKTHBHBIX TeMIepaTyp I'maporepmuyeckunii ko3ppuuueHT
Toap! Sum of active temperatures Hydrothermal coefficient
Year Maii HIOHb HI0JIb aBrycT Maii HIOHb HIOJIb aBrycT

May June July August May June July August

2017 195 379 511 541 0,45 1,69 2,48 2,83
2018 435 478 646 595 0,64 1,02 2,85 2,02
2019 341 560 514 526 2,11 1,42 3,52 1,80
2020 203 575 546 575 0,59 2,25 3,41 3,80
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Ta6nuuya 2 Table 2
COJJ,EP)KAHI/IE MWHEPAJIbHbIX ®OPM A30TA B MOYBE B NEPBOMN NOJIOBUHE BEFETALIMOHHOIO NEPUOJA
THE CONTENT OF MINERAL FORMS OF NITROGEN IN THE SOIL IN THE FIRST HALF OF THE GROWING SEASON
Toabr 22-26 mas 4-10 uronst 2-7 nions
Year May, 22-26 June, 4-10 July, 2-7
Konmponwe (6e3 komnocma u buogyneuyuoa) / Control variant (without compost or biofungicide)
2017 13,4+1,9 13,9 30,8
2018 - 8,9 27,7
2019 16,0+7,9 30,7 24,3
2020 6,3+2,7 23,7 72,4
Onvim (komnocm 80 ke N/ea + 6uogyneuyud) / Option with compost (80 kg N/ha) and plant protection products
2017 13,4+1,9 21,8 27,5
2018 - 15,1 33,2
2019 16,0+7,9 38,6 36,2
2020 6,3+2,7 31,7 82,4
HCPs/LSDs 1,02 1,28

panbpHBIX (POpM a30Ta B IOYBE B Hayaje UIOHS Ha MIPO-
ITYKTUBHOCTB KapTO(EIIs.

PaccMmoTpuM ypoxkaifHOCTh KapTOoQens B ABYX BapH-
anTax onbita B 2017-2020 rr. (na6a. 3). biaromaps BeIco-
KOMY TUIOOPOIMIO TIOUBEI H OTPa00TaHHON TEXHOIOTHH
BO3ACJIbIBAHU A OaXXC Ha KOHTPOJbHBIX BapUaHTaX ypo-
XKANHOCTH cocTaBisuIa okono 20 T/ra.

CyuiecTBeHHOE BO3JICHCTBHE HA TPOYKTUBHOCTH Kap-
TO]eIs OKa3hIBAIH KaK NCTIOIB30BaHNE KOMITOCTa M OHO-
¢GbyHruMaa, TaK ¥ yCIOBHS Toa uccienopanuii. Han-
Oobinas mpudaBka OHOIOTHYECKOTO YPOXKas OT OHOIpe-
napatoB qocTurayTa B 2018 . — 6osiee 12 1/ra, HAUMEHbB-
masi, okoso 3 1/ra, — B 2017 r., Kor/ia OTMEYaJIUCh 3aCyI-
TUBBIC YCIOBUS B Hauaje BereTaluu kaprodens. Paznu-
[1a MEKy OMOJIOrMYECKUM YPOXKAEM U YPOKAEM CTaH-
JNApTHBIX KIIyOHEH 00BSACHICTCS KOJTUYESCTBOM TIOBpE-
X JIECHHOTO, TPABMHAPOBAHHOTO M HECTaHJAPTHOTO KapTO-

¢enst. Harurydmnii BBIXOJ CTaHIAPTHBIX KITyOHEH oTMe-
yeH B 2020 1. B 2017-2019 rr. 3TOT 10Ka3aTesb BbIIIE B
BapHaHTe ¢ KoMrnocToM u Ouodynruuuaom. B 2020 r. on
OKa3aJicsd HU)KE KOHTPOJIS BCIEACTBUE yBEIUYEHUS YHC-
Jla HEeCTaHJAapTHO KPYMHBIX Ki1yOHel. B nanpHeiem
HY>KHO OOJIBIIIC BHUMAHUS YACATH CO3JaHHIO YCIOBUH
IUTS TIOTY YCHUSI CTAHJAPTHHIX KITyOHEH B COOTBETCTBHH
¢ TpeboBaHUSIMU pbIHKA [18].

3aBHCUMOCTB OHOJIOTUYECKOT0 YPOXKasi KapTodens oT
CYMMAapHOT'0 COAEP>KaHUsI HUTPATOB U aMMOHHS B T10Y-
BE B IIEPBOH JieKajie HIOHS (KOTIa HAaYMHACTCS aKTHBHOE
pa3BuTHE KapTo(dess) i CyMMBI aKTUBHBIX TEMIIEPaTyp
B Mae — HIOHE JEMOHCTPHPYET BaKHOCTh YIIPABICHHUS CO-
IepKaHueM MUHEPaIbHBIX (opM a30Ta B MOYBE B Hava-
ne Beretanuu kaprodens (puc. 3). [Ipu 6naronpusiTHoM
COUYETAHUH ITUX (PAKTOPOB OMOIIOTHUECKHUHA YpOKal op-
FaHWYECKOro KapToders MoxeT npeBsimath 40 T/ra— 0e3

BnusHuE ycnosun rOAA, KOMNOCTA U BUOBGYHIMLINOAHA YPOXAMNHOCTb KAPTO®ENS
INFLUENCE OF THE YEAR CONDITIONS, THE PLANT PROTECTION SYSTEM AND THE NUTRIENT SUPPLY ON THE POTATO YIELD
Buoaornyeckas Ypoma:n::::;cmﬂ- Jlossi cTAaHAAPTHBIX KJIyOHeH
Iox onbiTa Bapuant YPO:KaifHOCTh, T/Ta K.]I)I ﬁll){eﬁ T/ra B 0011eii 0uomacce, %
Year Option Biological yield, Yi 137 £ ? dard Share of standard tubers
t/ha ooy in total biomass, %
tubers, t/ha ?
P KoHTpob* / reference point™* 17,13 14,11 82,4
ombIT* / experiment™ 20,65 17,84 86,4
P KOHTpouIb / reference point 19,26 17,07 88,6
OIBIT / experiment 31,38 28,20 89,9
21 KOHTpOIb / reference point 25,52 21,21 83,1
OIIBIT / experiment 31,96 26,90 84,2
A0 KOHTPOJIb / reference point 20,95 20,25 96,7
OIBIT / experiment 28,77 26,87 93,4
HCPs / LSD;s 0,71 0,73 -
* KOHTPOJIb — 0€3 BHECEHU I KOMIIOCTa M OMO(YHTHIHA;
OIIBIT — C BHECEHHEM KOMIIOCTA U OUO(DYHIUIIHA.
* reference point — without compost and biofungicide;
experiment — with the application of compost and biofungicide.

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N4 + 2021

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 15 N4 + 2021



- MW KUTAJICKO-
N

Varl =-0.8756+0.2854-x+0.0247-y

Yoo > 40

X Bl <38
<33
<28
<23
<18
<13

5558

CHATSE

9. 95%0%0°0°0,9,%
25055 <X

X7
EHP
AL
SR

Puc. 3. 3agucumocms 6uonozuueckozo ypooswcas kapmogpens (Var 1)
OM COOePIUCAHUS MUHEPATILHO20 A30MA 6 NOYEE 6 NEPEYI0 0eKaody
utons (Var 3) u cymmbl akmugHblx memnepamyp 6 mae — uione
(Var 6), koagppuyuenm muoarcecmeennoii koppeaayuu R = 0,667
Fig. 3. Dependence of the potato biological yield (Var 1) on the
mineral nitrogen content in the soil in the first ten days of June
(Var 3) and the sum of active temperatures in May — June (Var 6);
multiple correlation coefficient R = 0.667

HCTIONB30BAHUS XUMHUECKUX YIOOPCHUN U IECTUITHIOB,
HO C BHECEHHEM JI03bI KOMIIOCTA, COOTBETCTBYOIIEH 160 KT
Nira, n buoyHrunua.

Ha pazHoo6pa3HOM CTaTHCTHYECKOM MaTepHaje mo-
Ka3aHo, YTO KOJIMYECTBO KIyOHEH U UX BEIMYUHA JJIs
Ka)KII0TO COpTa 3aBUCEIIa OT CYMMBI aKTHBHEIX TEMIIEpa-
Typ 1 umcia crebneii [13, 19, 20]. [LIBeackue yueHble npo-
BEJIM MHOT'OMEPHBIH aHalln3 Ha0opa JJaHHBIX CEPUHU TI0-
JIEBBIX SKCIICPUMEHTOB C OPraHHIECKUM KapTodeneM 3a
7 netT. YpoBeHb MJIOJOPOIHS MOYBBI CUIBHO BIMSII HA
MPOAYKTUBHOCTh M Ka4eCTBO U KapTodeis, 00bICHUB
53% o6mwieit Bapuanuu [21]. AHaIOTMYHO HAIIMM UCCIIe-
JOBAaHUSM HCIIOIH30BAHNE Ky PHUHOTO IIOMETA IIPH BO3/C-

POCCUINCKUA CUMMNO3NYM

SINO-RUSSIAN SYMPOSIUM

neIBaHWY KapTodens B banriamemnn o6ecneqrio noyye-
HUE MaKCHUMaJIbHOH ypoxaitHocTu [20].

Jl1s1 oOyuenust tHPOPMAIMOHHOM CUCTEMBI 1 popMu-
pOBaHUS €€ OTKIUKOB Ha CKJIAABIBAIOIINECS arPO3KOIIO-
TUYCCKHUEC YyCIIOBUA 6y21yT UCIIOJIb30BAaHBI ITOJTYUYCHHBIC
SKCIIEPUMEHTAIbHEIC TaHHBIE K HH(OPMAIIHS, B3sTas U3
JINTEPATYPHBIX HCTOYHHUKOB.

BriBogbl

1. IlpencraBunu CTPyKTYpy HHPOPMAITHOHHO-KOM-
MYHHKAIIHOHHOW CHCTEMBI OPTaHUYECKOTO arpompes-
MOPHUATHUS, TPESAYCMATPUBAIONTY IO HCIIOIB30BaHUE (-
POBOM MOJIENIH CETBCKOX03SIICTBEHHON KYJIBTY PbI KaK OC-
HOBEI YIIPAaBIICHUS IIPOTYKIIHOHHBIM IIPOLIECCOM C yUe-
TOM CKJIaIbIBAIOIIEHCS aTPOIKOTIOT HUE€CKO 00CTaHOBKH
B TeueHue Beretanuu. [Ipu momHON pearuzamu 3Tou cu-
CTEMBI X035 HCTBa MOTyYaT MOITHBIN HHCTPYMEHT, T0-
3BOJISIFOIIIU M TIEPEUTH K DKOJIOTHYECKH O€301IaCHOMY, KOH-
KYPEHTOCIIOCOOHOMY U 3(ppeKTHBHOMY OPTaHUIECCKOMY
MPOU3BOJCTBY HAa HOBOM YPOBHE.

2. YCTaHOBHIIN 3aBICUMOCTH COACPKAHNS MUHEPaIIb-
HBIX (DOpM a30Ta B MOYBE B HaYaJle BEreTanuu kaprode-
JI OT MCIIOJIB30BAaHUSI KOMIIOCTa, MPOU3BEACHHOTO U3
KYpPUHOTO TOMETA, U CyMMEbI aKTUBHBIX TEMIIEpaTyp. Ypo-
XKaWHOCTh OpraHU4YecKoro KapTodens onpeaensercs co-
nepKaHNeM MHHEPAJIbHBIX GOpM a30Ta B MOYBE B Hada-
JIe UIOHS M CYMMOW aKTUBHBIX TEMIIEPATyp B Mae — HIO-
He U MOXxeT nocturars 40 T/ra.

3. [Ipomomxuiau GOopMUPOBAHHE MACCHBA IKCIICPH-
MEHTaJIbHON HH(OpMALINH, KOTOPBIH OyIeT HCTIOIB30BAH
B Oyaymeit nHQOpMaInOHHO-KOMMYHHUKAITHOHHON CH-
CTeMe «yMHOT'0» OpPraHU4eCKOr0 CebCKOX03HCTBEHHO-
TO TIPEANPHUATHS IS €€ HaCTPOIMKH, a 3aTeM U IS ITOA-
TOTOBKH PEKOMEHIAIIM IO BO3IEIBIBAHHIO KapTO(hes ¢
YYeTOM CKJIaIbIBAIOIINXCS aT POIKOTIOTUIECKUX YCIOBUH.
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