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Pedepat. B MupoBoii mpakTuke i BHECEHUS TBEPIbIX MUHEPANbHBIX Y10OpeHui moutd 90 mpoLeHTOB MAIlMH MCTOIb3YIOT
BBICEBAIOIINE anmapatsl OpockoBoro Tuna. [lokazany, 4To HAWTyYIMME TTOKA3aTeNIsIMI 00Ia/[aloT 3ePHOTYKOBBIE CESIIKH, Y KO-
TOPBIX HEPABHOMEPHOCTH BHECEHHS yIOoOpeHui coctapisieT okono 10 mponerTos. [lopTBepaumm, 4To U3-3a HEOOMBIIOH IINPHHEL
3aXBaTa MPOU3BOAUTENBHOCT ITHX MAlIMH HeJocTaTouHa. Ha mpakTike UX HE MCTIONB3YIOT IS BHECEHHS! OCHOBHOM JJ03bI Y10~
OpeHuit py TIOATOTOBKE ITOYBHI 1O oceB. (Lens uccredoganus) Co3maTh MHEBMATHYECKYIO IITAHTOBYIO MAIIHY, TI03BOJISIO-
IIYIO IOBBICHTH PABHOMEPHOCTD pacceBa yIoOpeHUH i BHECEHUH OCHOBHOI 03Bl U TIOAKOPMKE 110 BETeTUPYIOLIUM PACTEHHUSIM.
(Mamepuanst u memoost) Ilonyanimg 3aBHCHMOCTH, O3BOJISIONIIE ONPEIEINTh PALOHANBHBIC KOHCTPYKTHBHO-KHHEMATHIECKIE
TapaMeTpsl YCTPOUCTBA O3UPOBAHUS M PaCIpeIeICHHS YIOOPEHHI Yepe3 MKEKTOPHI H PACCEHBAIOIINE TOBEPXHOCTH C MCIONb-
30BaHMEM 3aKOHOB M METOJIOB KJIACCUUYECKOW MEXaHUKH U MaTeMaTHKH. [IpoBesn dKCIiepMMEHTANIbHbBIE NCCIIEOBAHNS Ha pa3pa-
0OTaHHOM M U3rOTOBNEHHOM 00pasie. [IpoBepumu ero paboTocmocoOHOCTh B TIONEBHIX YCIOBHAX MO CTAHAAPTHEIM M YaCTHBIM
MetoukaM. Onpeneniny, 4To Ha Ka4eCTBO pacceBa yIoOpeHHH THEBMATHYECKON IITAHTOBOI MAIIMHON OCHOBHOE BIMSHHE OKa-
3BIBAIOT PABHOMEPHOCTD TO/IaYM UX KaTYLIEYHbIMHU alapaTaMy B BO3AYIIHYIO CTPYIO, B IITAHTH C OTBEPCTHAMH U XapakTep pac-
TpeIeeHNs YIOOPEHHHT M0 BKEKTOpaM B 3aBUCHMOCTH OT PACCTOSHUS MEKITy HUMH. (Pezyrvmamol u 06¢yscoenie) YCTaHOBUAIN
3aKOHOMEPHOCTH TPAHCIIOPTHPOBAHMUS U JO3UPOBAHUS YIOOPEHMI KaTyIICIHBIMH BBICEBAIOIMMHE allllapaTaMyi ¢ 000CHOBAHIEM
METOJIa U c1ocoda pactpeeneHnst BO3AyIIHO-MUHEPAIbHON cMecH 10 KaHanaM tanry. [lonyuuny MareMaTnueckoe onucaHue
TPOLIECCOB BHECEHHSI MUHEPANBHBIX YIOOPEHHH C y4eTOM Ka4eCTBEHHBIX MOKa3aTeneld paBHOMEPHOCTH PacCeMBaHUs HX 110 T10-
BEpXHOCTH Tomst. OTMETIUIH, YTO HEPaBHOMEPHOCTH paclpeIeNeHns yIo0peHni IPU COOTBETCTBYIOMIEH IIMHE IITAHT COOTBET-
CTBYET pacueTHBIM HOpMaM. (Bvi600b1) BbIABUIH, UTO B MOJIEBBIX HCTILITAHUAX MAIIUHBI HEPABHOMEPHOCTb BHECEHHSI aMMUAYHOI
CENUTPbl COCTaBUNIA § TIPOLEHTOB. YCTAHOBUIIH, YTO YXKE Ha CTAJUH NMPOEKTUPOBAHKS MAIIMH MOXHO OLEHUTb [10KA3aTeNH 110
HEPaBHOMEPHOCTHU B 3aBUCHMOCTH OT KaueCTBa JO3UPOBAHUS U PACCTOSHUS MEXKY BBICEBAIOIIMMH HKEKTOPAMH.

KittoueBble c/10Ba: MTaHTOBAs MAIIMHA, MKEKTOPBI, YI00OPEHUS, pABHOMEPHOCTh PACCEUBAHMS, MATEMATHIECKIE 3aBHCHMOCTH.

I st uuTuposanusi: Makapos B.A., XKypasnesa O.1., Hlemsikun A.B. [THeBMaTHUeCKas IITAHTOBAsI MALTMHA [JTsT

pacceuBaHHS TBEPIbIX MUHEPAIBHBIX yao0Openuii // Cenvckoxossiicmeenuvie mawunvt u mexuonoeuu. 2019. T. 13.
N3. C. 30-33. DOI 10.22314/2073-7599-2019-13-3-30-33.

Pneumatic Sucker-Rod Machine for Dispersing Solid Mineral Fertilizers

Valentin A. Makarov', Olgal. Zhuravleva®,
Dr.Sc.(Eng.), professor; senior research engineer;
e-mail: va_makarov@rambler.ru; Aleksandr V. Shemyakin',

Dr.Sc.(Eng.), associate professor

'Ryazan State Agroengineering University, Ryazan, Russian Federation;
*Institute of Technical Support for Agriculture — Branch of Federal Scientific Agroengineering Center VIM, Ryazan,
Russian Federation

Abstract. In the world practice of introducing solid mineral fertilizers, almost 90 percents of the machines used are equipped
with throw-type seeding units. It has been proved that seed drills have shown the best performance, as their irregularity of
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fertilizer application is about 10 percents. It has been still confirmed that their small width of application results in insufficient
productivity, and in practice they are not used for introducing the main amount of fertilizers in pre-sowing soil preparation.
(Research purpose) Designing a pneumatic sucker-rod machine providing for increased uniformity of fertilizer dispersing
when introducing the main amount of fertilizers and further dressing vegetative plants. (Materials and methods) The authors
obtained relationships allowing to determine rational constructive-and-kinematic parameters of a device for fertilizer metering
and distributing through ejectors and dispersing surfaces using the laws and methods of classical mechanics and mathematics.
Experimental studies were carried out using a developed and manufactured sample, and testing its operability in field conditions
using standard and specific techniques. It was determined that the quality of fertilizer dispersing with a pneumatic sucker-rod
machine is mainly affected by the uniformity of their supply by reel-type units to the air stream and rods with holes, and the
pattern of fertilizer distribution to ejectors depending on the distance between them. (Results and discussion) The authors have
made patterns of fertilizer transportation and metering with reel-type sowing units and determined the method and pattern of
distributing an air-mineral mixture through the rod channels. The authors obtained a mathematical description of the processes
of mineral fertilizer application, taking into account the qualitative indicators of their uniform dispersion over the field surface.
It was noted that the uneven distribution of fertilizers when the rod length is appropriate corresponds to the design standards.
(Conclusions) The authors have revealed that the rate of distribution unevenness of ammonium nitrate amounted to 8 percents.
It has been found that even at the machinery designing stage it is possible to evaluate performance indicators in terms of
unevenness depending on the metering quality and the distance between sowing ejectors.
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PH OTIpeeIIeHNH KaueCTBEHHEIX IT0Ka3aTeNei Ma-

IIVH 715l BHECCHU S TBEPABIX MUHEPATBHBIX Y10~

OpeHwuit ocodoe BHUMaHUE YAETIACTCS BOIIPOcaM
PaBHOMEPHOCTH pacceBa YacTHII IO TOBEPXHOCTH ITOJIS
(Pat. WO 02/090223 A2) [1-3]. s mamuH ¢ pabouynMu
opraHaMu OpPOCKOBOT'O THIIa Ba)KHOE 3HAUCHUE UMEIOT
TpaHyJIOMETPUUECKUN COCTaB YIOOpEeHHH, paBHOMED-
HOCTB IIOJJa9M WX BHICEBAIOMIMMH alllapaTaMu, BIax-
HOCTb BO3/lyXa, HalpaBJIeHUE U CKOPOCTh BETpa OTHOCH-
TEILHO OCH JIBM)KCHUSI arperaTa 1o MoJto.

LIENb NCCNEQOBAHUSA — cO31aTh THEBMATHYECKY O
ITAaHTOBYIO MAIIWHY, TO3BOJISIONIY IO MTOBBICUTE PABHO-
MEPHOCTH pacceBa YI0OpESHHH TPH BHECEHUU OCHOBHOM
JI03BI ¥ TOJKOPMKE 10 BET€TUPYIOLIUM PACTEHUSAM.

MATEPUANBI M METOABI. J{J151 perieH s TpoOIeMBbI 10-
BBIIICHUS PABHOMEPHOCTH IIOBEPXHOCTHOTO pacceBa TBEp-
JIBIX MUHEPaIbHBIX yI0OpEHUH 1 yCTpaHEHU I UMEFOIIX-
CsI HEZIOCTATKOB Y CYIIECTBYIOMHNX pa3OpackiBaTeneit
MOYKHO MCIIOJIb30BaTh MHEBMATUYECKYO0 MAIIMHY CO
MITAaHTOBBIMU pabourMu opraHamu (puc. 1).

PE3ynbTATEI M OBCYXAEHUE. Ha kadecTBO pacceBa yio-
OpeHuii MTHEBMAaTUYECKON MAIIMHOM, OCHAIIICHHOW I TaH-
TOH C OTBEPCTUAMH IO BCEH TJIMHE, OCHOBHOE BIIMSHUE
OKa3bIBAIOT PABHOMEPHOCTH OJIa4H YA00pEeH M KaTy1ey-
HBIMH anmnapaTaMy B BO3AYIIHYIO CTPYIO, CO3JaBACMYI0
BEHTHJIATOPOM, a TAKKE B OTBEPCTHUS (3KEKTOPHI). YUUTHI-
BAIOT M XapaKkTep pacrpeiesieHus yI100peHHH B 3aBUCHMO-
CTH OT PaCCTOSHUS MKy STUMHU KeKTopamu (puc. 2).

[IpoBenu TeopeTHUECKHE U IKCIIEPUMEHTAIBHBIE HC-
CIIEIOBaHUS AT ONPEACITICHUSI 3aBUCHMOCTEH, TI03BOJIS-
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Puc. 1. Ilpunyunuanrvnas cxema NHeGMAMUYECKOU WMAH20BOU
MAUUHBL ]I PACCEUBAHUSL MBEPOLIX MUHEPATILHBIX YOOOPEeHULL:

1 —pama; 2 — kapoannwlii 6an; 3 — obeonnaa mygpma, 4 —anacmuy-
Has my¢ma,; 5 — pemennas nepeoaua; 6 — eenmunamop; 7 — cme-
cumenvrasa xkamepa, 8 — 6030yx0600, 9 — pacnpederumens y000-
penuii; 10 — 6ynxep; 11 — evicesarowuii annapam, 12 — onopnoe
Koneco; 13 — eudpoyunundp, 14 — wmanea ¢ pacceusamensimu
Fig. 1. Schematic diagram of a pneumatic sucker-rod machine for
dispersing solid mineral fertilizers:

1 — frame; 2 — driveshaft; 3 — overrunning clutch; 4 — elastic
coupling; 5 — belt drive; 6 — fan; 7 — mixing chamber; 8 — air duct;
9 — fertilizer spreader; 10 — fertilizer tank; 11 — sowing unit; 12 —
support wheel; 13 — hydraulic cylinder, 14 — rod with dispersers

IOIIHX MTOJIYYHUTh PAITUOHAIBHBIC KOHCTPYKTHBHO-KHHE-
MaTHYeCKHUE TapaMeTPbl yCTPOUCTBA TO3UPOBAHHUS U pac-
TpeieNIeHu s yI0OpeHUH uepe3 MKEKTOPHI U paCcCEUBaI0-
I[1€ MOBEPXHOCTHU C UCIOJIb30BAHUEM 3aKOHOB U METO-
JIOB KJIACCUYECKOM MEXaHUKH U MaTeMaTuku [4, 5]. Ec-
JIM U3BECTHBI HEPAaBHOMEPHOCTH MOJIaYU yI0OPCHUH B
BO3AYIIHBIM MOTOK K BBICEBAIOLIUM 3KEKTOpAM, XapakK-
Tep UX pacHpeneseHUs U MMOIauy BO3Ay ITHO-MUHEPATh-
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HOU CMECH Ha pacCenBaTEIH, TO KAa4eCTBO pacIpeieie-
HUSl YaCTHUIl yIOOpEHUN B 3aBUCIMOCTH OT PACCTOSHUS
MEXIy MKEKTOPaMHU MOKHO OIICHUTH €IIIe Ha CTaJNH Pas3-
PpabOTKM KOHCTPYKIUH AJIA LITAHTOBBIX MAIlIMH U CBOEB-
PEMEHHO BHECTH HEOOXOUMBIE KOPPEKTUBEI B X KOH-
cTpykuuto [6-10].

HepaBHOMEpHOCTH 103UpOBaHUS YIOOPEHUI B BBICE-
BAIOMIUE IKEKTOPHI XapaKTePHU3yeTCsl CPETHEN Mmo1adeit
my ¥ CPEAHEKBAAPATHYECKUM OTKJIOHEHHEM Oy. DTOT IO-
Ka3aTelb OIPEAEIIAIOT 110 Pe3yIbTaTaM HKCIIEPHUMEHTA.
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Puc. 2. Cxema k onpedenenuro HepagHomepnocmu paccesa yoo-
6peHutl no wupuHe 3ax6ama.:

1 —wmanea; 2 — gvicesaiowyue 201cekmopsl; 3 — pacceusamenu
Fig. 2. Scheme to determine uneven dispersing of fertilizers along
the operating width:

1 —rod; 2 — sowing ejectors; 3 — dispersers

Pacnipenenenue ynoOpenuii pacceuBaTeIs MU MOKHO
omucaTh PyHKIIMOHAIBEHON 3aBUCHMOCTBIO BHIIA y=f(X),
YTO MO3BOJISAET AaHATTUTHIECKUM METO/IOM BBISIBUTH HE-
PaBHOMEPHOCTH paclpeesIeHAs TP H3MEHEHNH PacCTo-
STHUSI MeXKy MKeKTopaMu. Torna Ha y4acTke Mexay ABY-
MS CMEKHBIMH KEKTOpaMH pacipeaeieHne yroopeHuit
ONHCHIBAEM CIIEAYIOIUMHU 3aBUCUMOCTSIMU:

SO+ (x=1)

pu 0§x§x1’

0

P {f(x)+f(x—1>_

npu x; < x < xp°

S+ f(x=D+ f(x-2])
mpu x, < x </
e / — paccTOsSHUE MEXKIY CMEKHBIMU MKEKTOPAMH, M.
Cpennee 3HaueHue GyHKIUU F(X) HA 9TOM y4acTKe
MPEICTaBUM B BUJE:

y= % [0 F(x)dx. Q)

OnpeneneHHbli HHTETpal GyHKLIUU Fy) HA OTpe3Ke /
paBeH olpeieIecHHOMY HHTerpany GyHKIuu f(x) Ha OT-
peske [-Z, Z], nosToMy cpennee 3HaueHue QyHKIuu Fy,
MOYXHO BBIYHCIHUTE IO hOpMyIIE:

y =11, fns, 3)
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rue jfz f(x)dx cOOTBETCTBYET CpenHeii momave ynodpe-
HUM B BBICEBAIOMIMH 9KEKTOP /1 D, HOdTOMY V' = m, / [.

CpenHee KBaapaTHUECKOE OTKJIOHEHUE pacipeaesie-
HHS yA0OpEHUH KEKTOPaMU 10 LIUPUHE 0, 3aXBaTa MOX-
HO MPEICTABUTH B BUJIC:

%=ﬁﬁwm—ﬂ%x )

BrruucnuMm cpenHee KBagpaTUUECKOE OTKJIOHEHHE
pactipeneneHust y1o0peH i 1o MOBEPXHOCTH MOJIS C yue-
TOM HEPaBHOMEPHOCTH MOJIa4H UX B 33KEKTOPBI:

o= \/ 05 + 0f + 274,040, ()

[JI€ 04 — CPEAHEKBAIPATHYECKOE OTKJIOHEHHE OCTYILIe-
HUS YIOOPEHUH B 2)KEKTOPBL;

¥4p — KO3 OHULUEHT KOPPENALMHU TTOAAUN yI00pEHUs
B 9)KEKTOPEL.

Takum 006pa3oM, HEpPaBHOMEPHOCTH PacHpeneIeHus
ynoOpeHuil Ha IIOBEPXHOCTH OIS [0 HIMPUHE 3axXBaTa
MAIIIMHBI IPUMET BH]I 3aBUCHMOCTH:

Np = \/ 041 + O'g + Zrle'dl O'dlap 100/}7, (6)

rac Np — HIMPpUHA 3aXBaTa MalllUHbI, M.

HepaBHOMepHOCTE pacceBa ynoOpeHUs 110 ITOBEPXHO-
CTH I10J15 paBHA CyMMe HEPaBHOMEPHOCTH JJO3UPOBAHHU S
IO PKEKTOPaM.

BbiBoabl. TIpeasioxkeHHBIH METOM OMpeaeICHHUS He-
paBHOMEPHOCTH pacceBa yaoOpeHni MOXKeT ObITh HC-
ITOJIE30BaH MPH pa3paboTKe KOHCTPYKIUH B ITHEBMATH-
YEeCKOM paccerBaTelie yJ00pEeHUs C HKEKTOPaMH 110 JUTH-
He MTaHT. [Ipy NCTIBITAHUSX B ITOJICBBIX YCIOBHUIX HEPAB-
HOMEPHOCTH BHECEHU I aMMHUaYHOI CEeNUTPBI K aMMO(O-
ca coctaBmia 6-7% (mpu o0Omieit IrHe IWTaHr 12 M 1 HOp-
Me BHeceHus 600 Kr/ra), 9TO HECKOIBKO HUXKE MO CPaB-
HEHUIO C MaIIMHAMU, 000pYAOBaHHBIMU OPOCKOBBIMHU pa-
0OYMMU OpraHaMHU M yTBEPKICHHBIMH arpoTpeOOBaHHU-
SIMH K HAM.

Omnpenenuny, 9T0 HEPaBHOMEPHOCTE pacceBa ynoope-
HUU THEBMATHYECKUM PacCEUBATEIISIMU TIO3BOJISCT YKE
Ha CTaINY IPOCKTHPOBAHUS OLICHUTH TOKA3aTEIH 0 He-
PaBHOMEPHOCTH B 3aBHCUMOCTH OT PACCTOSHUS MEKITY
BBICEBAIOLIMMU 3KEKTOPaMHU. XapaKkTep pacipeiesieHus
aMMHUaYHOH CeTTUTPHI 110 TN PUHE 3aXBaTa yCTaHABIHBA-
€TC 110 Pe3yJIbTaTaM OIBITOB.

[Ipr mpoBepke MHEBMaTHIECKOT'O PACCEUBATEIS B IIPO-
M3BOJICTBEHHBIX YCIOBHUAX HEPABHOMEPHOCTD PacCenBa-
HUSI aMMHUAQYHOM CCJIUTPBI COCTaBUJIa MO AJIWHE ITAHTH
B ripenenax 7,5-8,0%, mpu oOmiel muprHe mranr 12 M u
no3ax BHeceHus 200 u 600 Kr/ra, 9TO CBUJICTEIBCTBYET
00 yJI0BIETBOPUTEIHHOM COBIIAICHAH pe3yabTaToB. Ompe-
JieJIeHHe HEPaBHOMEPHOCTH pacceBa TBEP/bIX MHUHEPaIb-
HBIX yI00peHUI! 10 HOBEPXHOCTH HOJIS C YIETOM HEpaB-
HOMEPHOCTH HOAAaYH HX B BBICEBAIOIIUE IKECKTOPHI MO-
3BOJISICT OLIEHMBATh KaueCTBEHHbIE MTOKA3aTeNIn paboThI
MAIIIWHEI B IIEJIOM.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 N3+ 2019




HOBbIE TEXHONOIW 1 ObOPYAOBAHUE

NEW MACHINERY AND TECHOLOGIES

BUBNNOrPAGUYECKIIA CMUCOK

1. Maxkapos B.A., Xonaxosa T.A. O HEKOTOPBIX HAIPABICHU-
X HaY9HO-TIPHKJIATHBIX HCCIENOBaHMHN 1 pa3paboToK 1o co-
BEPILICHCTBOBAHUIO C(epbl XUMU3ALMH CEBCKOTO X035HCTBA
peruona // Becmnux PITATY. 2011. N2. C. 19-21.

2. Kynemos M.C., Makapos B.A., Mapuenko H.M. Hccrneno-
BaHUE BOMPOCA paclpe/eNieHns BO3AYIHO-MUHEPATBHOM CMe-
CH TI0 KaHallaM ITaHTOBOHM MAIIWHEI I BHECEHUS yHoOpe-
Huit // Cenvckoxossaticmeennvle mawiunsl u mexronoeuu. 2015.
N2. C. 34-36.

3. U3maiinos A.1O., Makapos B.A. K Bonpocy o6ocHOBaHuS
TEXHUKO-3KOHOMHYIECKOTO YPOBHSI CETbCKOXO3AHCTBEHHBIX Ma-
WH 1 000pynoBaHus // Cenbckoxo3aticmeerHble MAWUHbL U
mexnonoeuu. 2016. N3. C. 17-19.

4. JTauyra 10.®. HayuHo-MeToanuecKoe obecredeHre pa3Bu-
THS QYHIAMCHTAIBHBIX 1 IOUCKOBBIX HAYYHBIX HCCIICIOBAHUI
B 00J1aCTH CeNbCKOro X03sicTBa // AIIK: Dxonomuxa, ynpaene-
nue. 2015.N2. C. 3-11.

5 Jlauyra F0.0., Kcennzos B.A. TeopeTnueckas MexaHuKa.
M.: Konoc. 2005. 576 c.

6. N3maiinos A.IO., JlJobauesckuii S.I1. CucteMa MaliuH u
TEXHOJIOTUH JIJIS KOMIJIGKCHOW MEXaHHU3allu¥ 1 aBTOMaTH3a-
IIMY CEbCKOX03IUCTBEHHOTO TPOM3BOICTBA Ha epuoj 1o 2020
rozxa /| Cenvckoxossticmeennvie mawunsl u mexronozuu. 2013.
N6. C. 6-10.

7. Crenyx JI.A., Kemxo A.A. IlocTpoeHue Maluy XUMuU3a-
in 3emnenenus. Munck: HITL HAH benapycu mo mexanusa-
LU CEIBCKOro xo3giicTBa. 2012. 442 c.

8. Pakma G., Calil Junior C. Propriedades fisicas de alguns
produtos armazenados. Revista Brasileira de Armazenamento.
2005. Vol. 30. N1. 65-72.

9. Patterson D.E. The effect of slope on the transverse distribution
pattern of fertilizer broadcaster. Journal of Agricultural
Engineering Rescarch. 2004. N2. Vol. 9. 169-173.

10. Fronlich G., Broker K.-H., Rodel G. Computer Parcel
Dispatcher with computer spreader for Exaktersuche. Agricultural
Engineering. 2007. Vol. 62. N3. 150-151.

REFERENCES

1. Makarov V.A., Khodakova T.A. O nekotorykh napravleni-
yakh nauchno-prikladnykh issledovaniy i razrabotok po sover-
shenstvovaniyu sfery khimizatsii sel'skogo khozyaystva regio-
na [On some areas of applied research and development to im-
prove the chemicalization of regional agriculture]. Vestnik RGATU.
2011. N2. 19-21 (In Russian).

2. Kuleshov M.S., Makarov V.A., Marchenko N.M. Issledo-
vanie voprosa raspredeleniya vozdushno-mineral'noy smesi po
kanalam shtangovoy mashiny dlya vneseniya udobreniy [Study
of the distribution of the air-mineral mixture in the channels of
a sucker-rod applicator]. Sel'skokhozyaystvennyye mashiny i
tekhnologii. 2015. N2. 34-36 (In Russian).

3. Izmaylov A.Yu., Makarov V.A. K voprosu obosnovaniya
tekhniko-ekonomicheskogo urovnya sel'skokhozyaystvennykh
mashin i oborudovaniya [To the issue of the technical-and-eco-
nomic feasibility study of agricultural machines and equipment].
Sel'skokhozyaystvennyye mashiny i tekhnologii. 2016. N3. 17-19
(In Russian).

4. Lachuga Yu.F. Nauchno-metodicheskoe obespecheniye raz-
vitiya fundamental'nykh i poiskovykh nauchnykh issledovaniy
v oblasti sel'skogo khozyaystva [Scientific and methodological
support of the development of basic and exploratory research in
the field of agriculture]. APK: Ekonomika, upravlenie. 2015. N2.
3-11 (In Russian).

Kondaukt unTepecoB. ABTOpHI 3asBIIOT 00 OTCYTCTBUM KOH-
(mKTa HHTEPECOB.

Crates noctynuiaa B penaxknuro 08.02.2019
The paper was submitted
to the Editorial Office on 08.02.2019

CEIbCKOXO3AMCTBEHHBIE MALIHbI 1 TEXHONOMMA + Tom 13 +N3 + 2019

5.Lachuga Yu.F.,, Ksendzov V.A. Teoreticheskaya mekhanika
[Theoretical mechanics]. Moscow: Kolos. 2005. 576 (In Rus-
sian).

6. Izmaylov A.Yu., Lobachevskiy Ya.P. Sistema mashin i tekh-
nologiy dlya kompleksnoy mekhanizatsii i avtomatizatsii sel'skok-
hozyaystvennogo proizvodstva na period do 2020 goda [System
of machines and technologies for integrated mechanization and
automation of agricultural production for the period up to 2020].
Sel'skokhozyaystvennye mashiny i tekhnologii. 2013. N6. 6-10
(In Russian).

7. Stepuk L.Ya., Zheshko A.A. Postroyenie mashin khimizat-
sii zemledeliya [Design of machines for chemicalization of ag-
riculture]. Minsk: NPTS NAN Belarusi po mekhanizatsii sel'sk-
ogo khozyaystva. 2012. 442 (In Russian).

8. Pakma G., Calil Junior C. Propriedades fisicas de alguns
produtos armazendos. Rer. Brasil. Armazenmebto. 2005. Vol. 30.
N1. 65-72 (In English).

9. Patterson D.E. The effect of slope on the transverse distribution
pattern of fertilizer broadcaster. Journal of Agricultural
Engineering Rescarch. 2004. N2. Vol. 9. 169-173 (In English).

10. Fronlich G., Broker K.-H., Rodel G. Computer Parcel Dis-
patcher with computer spreader for Exaktersuche. Agricultur-
al Engineering. 2007. Vol. 62. N3. 150-151 (In English).

Conflict of interest. The authors declare no conflict of

interest.

CraTes npunsTa k nyoaukanun 10.06.2019
The paper was accepted
for publication on 10.06.2019

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N3 + 2019



