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ONPEAEJIEHUE 3O®EKTUBHOCTU OMPLICKUBAHUA PACTEHWI
C NCNONb3OBAHWEM BECMUNOTHOU ABUALLMOHHOU CUCTEMbI (BAC)
KBAJPOKOMNTEPHOI'O TUNA

DETERMINING THE EFFICIENCY
OF PLANT SPRAYING USING A QUADCOPTER-TYPE UNMANNED AERIAL SYSTEM (UAS)

Kntoyeeble cnoea: onpbickusaHue CenbCKoxo3sl-
CMBeHHbIX Kynbmyp, becnuromHas aguayuOHHas Cu-
cmema, kgadpokonmep, aghghekmueHOCMb 8030esbisa-
Hus, pa3mep Kannu, 003a 8HECEHUSs, CKOPOCMb nonema.

O6BbEKTOM MCCefoBaHNS SBMSAETCS TEXHOMNOMUS BHE-
CEHUS KWUOKMX MpenapaTtoB, NPUMEHSEMbIX B pacTeHue-
BOACTBE, C MUCMOMb30BaHNeM BecnunoTHON aBuaLMOHHON
cucTembl  kBagpokontepHoro Tuna. O6paboTka spoBon
MIEHNLbl NPOBOAMNACh C MCMOMb30BaHWEM KBafpOKO-
ntepa XAGP100, umetowiero hopcyHku LIEHTPOOEKHOrO
ThNa, pacnonoXeHHble crpaBa W Cresa OT NPOSONLHOMN
ocu annapata. B kayecTBe kpuTepust ONTUMU3ALMAW MpU-
HMManach nrow@agb NOKpbITUS NUCTA PacTEHWs pacrbl-
nsiemon xugkocToto. OueHMBanoch BnMsHUE (HakTOPOB:
BbICOTa MOfieTa, CKOPOCTb NoneTa, AMameTp Kanniu, 4o3a
BHECEHWS!, PacCTOsHUE OT OCM TPaeKTopuM morneTta Ao
TOuKM 0TOOpa MaTepuana (lWmpuHa 3axsata). dpdekTns-
HOCTb OMPbICKWBAHUS OLiEHMBaNach Mo Mnowlaan nokpbl-
TS ICTA MLLEHWLbI PAaCTBOPOM NPY MOMOLLM TEXHONOMMK
DropSight®. B Bogy Aobaensanock okpallvBaiollee Be-
LLeCTBO, KOTOPOE (PRIOPECLMPYET B YNbTPAPUONETOBOM
cnekTpe. JICTbS pacTeHWi, NOKPbITbIE PACTBOPOM MOCnNe
nponeTta KBagpokonTepa C BKIOYEHHbIMK POPCyHKamu,
cobupanuch, MOMeWancb B CMeuManbHylo  Kkamepy,
OCHALLEHHYH YNbTPadMoNeToBLIM CBETUNBHIKOM. [lena-
nmcb (HOTOCHAMKM IUCTLEB C 0BEMX CTOPOH, CBEPXY M
CHM3y. MonyyeHHble coTorpacum obpabaTbiBanuch npu
MOMOLLM  CheLmansbHOr0  NporpamMMHoOro  obecneyeHus,
KOTOpOE OLIEHWBAET MOKPLITYI0 PacTBOPOM MMoLaab ni-
CTa B npoueHTax oT obwei nnowaagn. Mo pesynbraty
NPOBEAEHHOMO 3KCMEPUMEHTA MONYYEHO YpaBHEHME pe-
rpeccuu, npousBefeHa OLeHKka 3HaYMMOCTU (PaKTOpOB,
nonyyYeH BO3MOXHbI TEOPETUHECKUIA MaKCUMYM KpUTEPUS
ontuMusauum. Hambonee 3sHaummbiMM M3 5 dhakTopos
OKasanucb 2: 403a BHECEHUs npenapaTa W pacCTosHue oT

OCW TpaekTopuW noneta Ao ToukM oTOOpa Mmatepuana.
Hanbonbluas paBHOMEpHOCTb pacnpefeneHns pacteopa
no LUMPKHE 3axBaTa JOCTUraeTcs Npu MUHMMANbHBIX 3Ha-
YeHusIx Bcex (pakTopoB Ha WX YPOBHSIX, MCMONb30BAaBLLMX-
ca B aKcnepumeHTe. [puBedeHsl BENMYMHBLI (haKTOpOB,
MpU KOTOPbIX AOCTUIaeTCs MakCUManbHOE 3HauYeHNe Kpu-
TEpWS ONTUMU3ALMN.

Keywords: crop spraying, unmanned aerial system,
quadcopter, crop growing efficiency, droplet size, applica-
tion rate, flying speed.

The research target is the technology of applying liquid
agents used in crop growing by using an unmanned quad-
copter-type aerial system. Spring wheat was treated by
using the XAG P100 quadcopter with centrifugal nozzles.
The coverage area of a plant leaf with a sprayed liquid
was taken as an optimization criterion. The influence of
the following factors was evaluated: flight altitude, flight
speed, drop diameter, application rate, and the distance
from the axis of the flight path to the material selection
point (operating width). The effectiveness of spraying was
evaluated by the surface area of the wheat leaf sprayed
with the solution using DropSight® technology. A coloring
agent that fluoresces in the ultraviolet spectrum was add-
ed to the water. The leaves of the plants covered with the
solution after the flight of the quadcopter with the nozzles
turned on were collected and placed in a special chamber
equipped with an ultraviolet lamp. Photographs of the
leaves were taken from both sides - top and bottom. The
obtained photographs were processed using special soft-
ware that evaluated the area of the leaf covered with the
solution as a percentage of the total area. Based on the
result of the experiment, a regression equation was ob-
tained, the significance of the factors was assessed, and
the possible theoretical maximum of the optimization crite-
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rion was obtained. The most significant of the five factors
were two: the rate of the agent and the distance from the
axis of the flight path to the sampling point. The greatest
uniformity of the solution distribution over the operating

width is achieved with the minimum values of all factors at
their levels used in the experiment. The values of the fac-
tors at which the maximum value of the optimization crite-
rion is achieved are given.
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BBepeHue

B HacToslllee Bpems He TOMbKO B Hallen
CTpaHe, HO 1 BO BCEM MUpE MPOSIBNSETCS OrpoM-
HbIW WHTEpeCc K WCMOMb30BaHWO 6ecnunoTHbIX
aBMaLMOHHbIX CUCTEM BO BCeX chepax desTerb-
HOCTW. ABMALMOHHbIE BECNUMOTHUKM pasHbIX pas-
MEpoB W TUMOB HAYMHAKT MCMONb30BaTh ANS
TPaHCNOPTUPOBKM, MOHUTOPUHTA, KapTorpaduu, u,
KOHEYHO Xe, CenbCkoro xo3sancTea. B gaHHom pa-
6oTe paccMOTpUM UCMONb30BaHWE APOHOB AJ1S
06paboTKM CENbCKOXO3ANCTBEHHBIX KyNbTYp NyTeM
pacnbIeHns XUAKWUX npenapaTtos, KOTOpble Mpo-
W3BOOAT AN 3alUMTbl pacTeHun, repOuumaHomn
06paboTku, AecuKaLmm U Apyrux TEXHOMOrNYECKNX
onepauuin B pacTteHueBofcTBe. lcnonb3oBaHue
Ans nofobHbIX Leneil APOHOB Hayanocb A0CTa-
TOYHO HedaBHO, 06 Ux aQHEKTUBHOCTM B CpaBHE-
HAM C TPAAMLIMOHHBIMU TEXHOMNOTUSIMIA BHECEHUS
XUOKAX NpenapaToB Ans pacTeHMeBOACTBA BeayT-
cs xapkue cnopbl. Mbl He Bygem 3gecb paccmat-
pnBaTb BOMPOCHI 3KOHOMWUYECKON LienecoobpasHo-
cTu ucnonb3oBaHus BAC B cpaBHeHWM ¢ TpaguLm-
OHHbIMW TexHonoruamu. B nutepatype [1-3] Ha
CErOfHAWHNA [eHb COAEPXMTCH WHGOopMaLus
TONbKO 0BLLEro NnaHa, OCHOBaHHAs He CTOMbKO Ha
NCCNeSOBaHNSX, CKOMbKO Ha YMO3aKTOYEHUSX O
TOM, Kakue (pakTopbl W napameTpbl noneta, 403
BHECEHWS NpenapaToB, TEMMNEpPaTypbl U BRaXHO-
CTW BO3ayxa, CKOPOCTU BETPA 1 MHOXECTBA ApYrux
nepeMeHHbIX BIUSIOT Ha nokasaTenu apdekTus-
HOCTW OnepaLyum ONpbICKUBAHWA PACTEHNIA XULKAM
npenapatoM. Hanbonee aetanbHyo MHGOpMaLmIO
no JaHHOMY BOMPOCY y4arnochb HauTu Nuwb B Ma-
Tepuanax Mosomkckoir MAC [4], HO 1 OHa He paeT
MOMHOrO NMOHUMaHUS, KakuMm 06pa3om Heobxoaumo
NpoBoauTb 06paboTky NOCEBOB KBaapOKONTEPaMM
ONS NONyYyeHUs Haunydwero pesynbtata. Boc-

MOMHUTb AaHHbIA NPoben, AaTh CTPOTYHO YXACIIOBYO
XapaKTepuCTUKy HEKOTOPbIM hakTopam, OKasblBa-
IOLLMM BIUSIHUE Ha NPOLECC OMPbICKMBAHMS, Kak
970 ObINO CAenaHO Hamu B OTHOLIEHUM [pYrux
npoueccos [5, 6], ¥ Nnpu3BaHa AaHHas nybnukaums.
Heobxoaumo cpasy OroBopuTbCS, YTO MPOBEAEH-
Hble 3KCMepUMEHTanbHble WUccnegoBaHns no 06-
paboTke XMOKUM npenapaTtoM SPOBOMA MLLEHMLb
NPOBOAMNNCL HEe B CambiX NyuLwnx ans 06paboTkm
APOHaMW MOroAHbIX ycrnoBusX. MonyyeHHble pe-
3ynbTaTbl aKkTyarnbHbl WMEHHO AN KOHKPETHbIX
YCIOBUI NPOBEEHNS OMbITa, HO OHWU, HECOMHEH-
HO, MOTYT MPOeLMpoBaTbCa M Ha Apyre yCroBus
ncnonb3oBaHns BAC ans onpbiCKMBaHWS, HO C
HEKOTOPbIMM OrOBOPKaMK.

Llenb — oueHKka 3HAYMMOCTW M BRNSIHUS pas3-
NNYHBIX (PaKTOPOB Ha 3EEKTUBHOCTL Npouecca
OMPbICKMBAHWS CENbCKOXO3ANCTBEHHBIX KYNbTyp C
ncnonb3oBaHnem BAC KBagpOKONTEPHOro TMNa.

3apaum:

1) NMPOBECTU 3KCMNEPUMEHT MO OMPbICKUBAHMIO
SPOBOA  MiWeHMUbl € wucnonb3oBaHnem BAC
KBaAPOKOMTEPHOrO TUNa;

2) nccnenoBaTh BAMSHWE BbICOTbI MOMETa, CKO-
pOCTU nometa, pa3mepa Kanerb, HOPMbl BbiNKBa
npenapara n paccTosiHUs OT OCW MOMETHON Tpaek-
TOPUM Ha 3hEKTUBHOCTD OMPbICKMBAHUS;

3) OUEHWUTb 3HAYMMOCTb BMMSIHUSA UCCreaye-
MbIX )aKTOPOB Ha NPOLIECC ONPbICKUBAHMS.

006bekTbl M MeTOAbI
OnbiTel npoBogunuce 24 mona 2024 r. 8 Kan-
MaHCKOM panoHe AnTailckoro Kpas Ha nomnsix Xo-
sanctea OO0 «Jleo», pacnonoxeHHbIx 6nm3
c. lNaHdunoBo. lorogHble ycnoBus npoBefeHWs
aKCnepuMeHTa cneaytoLme: OTCyTCTBUE OCALKOB U
obnayHocTtn, TemnepaTypa Bo3gyxa 28°C, OTHO-
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CUTeNbHas BMaxHOCTb Bodgyxa okono 40%, cko-
POCTb BETPa 0Komo 2 m/c. OnpbICKUBaHMIO NoaBep-
ranacb SpoBas nMWweHWUa B (hase LBETEHNS

(puc. 1).

Puc. 1. lMone dnsi npoeedeHus akcnepumeHma

B kauectBe opyaus 0bpaboTku 1cnonb3oBancs
ksagpokontep XAGP100 (puc. 2) [7], B KOTOpbIN
ObIn 3anuT pacTBop AN ONPbICKUBaHNS 0B6beMoM
okono 10 n. lNpn 3TOM B3NETHbLIN BEC KBAAPOKO-
ntepa coctaenan okono 50 «kr. KeagpokonTep
OCHalLEeH ABYMS LieHTPOBEXHbIMU POPCYHKaM C
MaKkCMManbHOM NPON3BOANTENBHOCTBIO 12 NI/MUH.,
CMOCOBHBIMW pacnbIngTb PacTBOp C AWaMETPOM
kannn ot 60 go 400 Mkm. ShdeKTUBHOCTL ONpbIC-
KMBaHWS OLEHMBanacb MO NNoWagn NOKPbITUS
NCTa MLEHMLbl PacTBOPOM MpK NOMOLLM TEXHO-
norvn DropSight® [8]. B Bogy pfobasnsnocb
OKpaLuMBaroLLee BeLLeCTBO, KOTOpoe (rioopecty-

pyeT B ynbTpaduoneToBoM cnektpe. JIuctba pac-
TEHWUIA, MOKPbITbIE MOSTyYEHHBIM PACTBOPOM, MO-
MeLannuchb B cneuuanbHyto kamepy, OCHALLEHHYH
ynbTpanoneToBbIM  CBETUNbHUKOM.  [lenanuck
(POTOCHUMKW JIUCTBEB, U NPKU MOMOLLW Crneyuans-
HOro NpOrpamMMHOro 0becneyeHns nonyyanu npo-
LIeHT MOKPbITUS NIOLaAW NUCTa pacTBOPOM.

Puc. 2. A2podpoH XAGP100

Kputepuem ontummsaumu npuHumanacb nno-
Wafb MOKPbLITUS NIMCTa PaCTEHWUS pachblNSEMO
XUOKOCTbIO, KOTOpas onpegensnacb B npoLeHTax
oT obuwei nnowaan nucra. lNpuyem, ans ycra-
HOBMEHUs nnowaay nokpbITus obcneaoBanuch
obe MOBEPXHOCTW NUCTA, W BEPXHSS, U HIKHAS.
Mnowage NOKpbITUS onpedensnacs nytem oto-
rpacdmpoBaHusi 0bpaboTaHHOW MOBEPXHOCTM M-
cra. lNpumep choTorpadum nokasaH Ha puUCyHke 3.

Puc. 3. ®omozpachusi o6pabomaHH020 lucma 8 ynbmpacghuosiemosom ceeme

JKcnepuMeHTanbHas 4acTb
OueHunBanochb BnusiHAE NSTU (hakTOPOB: BbICO-
Ta noneTa, CKOpoCTb noneTa, AMameTp Kanmu, o-
3@ BHECEHUSI, pacCTOsHWE OT OCW TPaeKTopumn no-
neta o Touku otbopa maTepuana (WwupuHa 3a-
xBaTta). Tabnuya koaupoBaHWs (akTopoB Ha ABYX
YPOBHSIX NpeacTaBneHa B Tabnuue.

Tabnuua
Tabnuya kodupoeaHus hakmopoe

daktop Kon _XPOBHM 1
BbicoTta noneta, m X1 3 5
CkopocTb nonerta, m/c X2 8 14
[vameTp kannm, Mkm X3 80 | 140
Jlo3a BHeceHus!, nira X4 6 10
PaccTosiHue 0T nHWKM nporneTa, M Xs 1 5

OKCMEPUMEHT NPOBOAMUNCSH MOMHOGAKTOPHbIN
24 nns nepBbix 4 akTOpoB U C U3MEHEHNEM hak-
TOpa 5 Ha NATM YPOBHSIX C MHTepBarnom 1 m. Konu-
YeCTBO OMbITOB B 3KcnepumeHTe coctasuno 80,
MOBTOPHOCTb  OMbITOB  TpexkpaTHas. CMmexXHble
npoxodbl KBagpokonTepa Haj Monem pasMeva-
NIUCb Ha PacCTOSHUM, MCKITIOYaIOLEM B3aUMHOE
nepekpbIThe (puc. 4).

Mpobbl oTbupanuce B TeX MecTax, rae napa-
MeTpbl mofeTa M paboTbl (HOPCYHOK SBMSUCH
ycTaHoBuBWwMMUCA. C pacTeHuin otbupanucb nu-
CTbSl MPEeNMYLLECTBEHHO BEPXHEr0 fpyca TakuMm
obpasom, utobbl nx anvnHa beina B npeaenax 100-
150 MM, a chopma bbina kak MOXHO 6nmxe K nnoc-
kon. Takoit BblGop nucTbeB 0bycnosneH ocobeH-
HOCTSIMM MX pa3MeLleHnst 1 hoTorpadompoBaHus B
Bokce ¢ ynbTpacroneToBbIM CBETUNBHUKOM.
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Pe3ynbTaThl UCCnefoBaHUA U UX 00CYXAEHUE

B pesynbtate 06paboTkM aKCnepuMeHTanbHbIX
[aHHbIX BbINIO NOMYYEHO YPaBHEHUE PETPECCUM:

Y = 0,182 + 0,033X, + 0,058X: +

+0,026X,X; + 0,022X, X, — 0,033X,X-.

BennunHa koadpdmumeHTa getepmuHaumm R2
Npy NPUHATOM 5%-HOM YPOBHE 3HAYMMOCTW ANs
ypaBHeHust pasHa 0,595, 4yTo no3sonseT cuuTath
9KCMEPUMEHT BOCMPOU3BOAMMBIM, @ €70 pesynbTa-
Tbl 3HAaYMMbIMK. W3 naTu nccneayemblx hakTopos
Haubonee 3HauMMbIMU SBRSIOTCA ABa: 403a BHe-
CeHus (Xa) M paccTosHUE OT OCK TPAeKTopUM no-
neta fo Touyku otbopa matepuana (Xs). [Josa BHe-
CeHNs (X4) MONOXMTENBHO CKa3blBAeTCA Ha nro-
Liaamn NOKPbITUS NKCTA, a yaaneHue ot ocu npone-
Ta (X5) — OTpMUATENbHO, YTO BMOMHE MOTMYHO.
Mpuyem MX B3aUMHOE BnMsiHUE XsXs5 Takke 3Ha-
4MMO, COBMECTHOE YBenuyeHue akTopoB BeAeT K
CHWKEHWMIO NroLlaamn nokpbITus nucta. Hanbonee
3HaYMMbIM (DaKTOpPOM SIBNISIETCS PacCTOSHWE OT
ocu nponeTa (Xs), 4To Takke BMOMHE 06BACHUMO.
BbISIBNIEHO 3Ha4YMMOe B3aWMHOE BIUSHWE (PaKTO-
poB X1X3 n X1Xs Ha nnowagb NOKPbLITUS fUCTa,
KOTOpast yBENNYMBaeTCs Npu COBMECTHOM YBENU-
YeHUn (hakTopoB B uccregyembix npegenax. W3
aHanusa 3HauMMbIX B3aUMOAEMCTBUI (HaKTOPOB,
COrMacHO ypaBHEHWMIO, CNeayeT, YTo ANns yBenuye-
HUS NNOLAAN NOKPLITUS NIUCTA HY)XHO C yBenuye-
HMEM BbICOTbI noneTa (X1) yBenuumneaTh kak auna-
MeTp Kannu, Tak 1 403y BHeCeHus npenapata. Ho
npy YBENWYEHWN [03bl BHECEHUS HepaBHOMEP-
HOCTb MOKPbITUS NUCTa NO WKPKHE 3axBaTa byget
BO3pacTarthb.

OnpegeneH MakcUMyM KpUTepust ONTUMMU3aLnm
B npegenax ypoBHeW BapbWpoBaHUsA (HaKTOpPOB,
yKasaHHbIx B Tabnuue. Tak, MakcumanbHas nno-
Wadb MOKPbITUS NMCTa COrMMacHO YpaBHEHMIO pe-

Puc. 4. Mpoxod Keadonmepa Hd nonem

rpeccum coctasnset 0,31%. Makcumym kputepus
ONTUMM3ALMN NOMYYEH NPU KPaMHUX 3HAYEHMSIX
BCEX 3Ha4YMMbIX (HaKTOpPOB, MpU 3TOM BbICOTA MO-
neTa JOmKHa COCTaBNsATb 3 M, AMAMETP Kannm —
80 mkm, fo3a BHeceHns — 10 n/ra, paccTosiHue OT
ocu nponeta — 1 M. To ecTb BCe (haKTopbl, KpoMe
[03bl BHECEHUS!, AOIKHbI ObITb HA MUHUMAMNBHOM
YPOBHE, @ [03a BHECEHWS — Ha MaKCUManbHOM,
YTO COrnacyeTcsi C aHann3oM 3Ha4UMOCTU U BRMS-
HWSA haKTOPOB, NPUBELEHHOM B npeablayliem ab-
3aue. Heobxognmo OTMETUTb, YTO MpW Onpeaene-
HWM NMOLaaW MOKPLITUS NUCTa, valle Bcero obe
€ro MOBEPXHOCTU, M BEPXHSAS, U HWXHASA, UMENn
cneabl HaHeceHWs pacteopa. Ho B nogasnstowem
DONbLUMHCTBE Cy4aeB HUKHAS NOBEPXHOCTb Obl-
Ia nokpbITa B pasbl MeHbLLe, YeM BepXHsS. Mox-
HO KOHCTATMPOBaTb, YTO 3aBWXPEHME NOTOKa BO3-
[yXa, CO30aBaeMOe BWHTAMW KBaZpPOKOMTEPa,
LENCTBUTENBHO NO3BONSET HAHOCWUTL Mpenapatbl
Ha HWKHIOIO NOBEPXHOCTb MUCTLEB, HO Mrowadb
MOKPBITUSI IUCTA CHWU3Y KapAuHambHO YCTynaet
BEMNWYMHE MOKPBITUS CBEPXY.

OctaBuB Bce (hakTopbl Ha YpOBHSX, 0becneyn-
BalOLMX MAKCUMyM NAoLaay NOKpbITUA nKCTa, U
N3MeHss paccTosiHMe OT OCU nponieTa KBagpoKo-
nTepa, nony4nnu rpagovk (puc. 5).

Ha rpadmke 3HayeHus nnowjaay noKpbITUS Ha
paccTosHUWM MeHee 1 M OT ocu nponeTa Bbinu aKc-
TPanonupoBaHbl COrNacHo ypaBHeHuto. Heno-
CPEACTBEHHO MO4 [OPOHOM MnowWadb MOKPbITUS
nucTa gonmxHa BbiTb Borblue, Tak Kak 34ecb nepe-
KpbiBatoTC  paboune 30HbI 06enx opCyHOK
KBaZpOoKONTepa, PacnoNoXeHHbIX cnpasa W cneea
OT €ro NpoLObHOM OCH, YTO MOATBEPXAET pUCY-
Hok 5. CornacHO nony4eHHOMY rpadmky, paBHO-
MEpHOCTb pacnpefeneHns nnowagun MoKpbITUs
NMCTa MO LUMPUHE 3axBaTa OT/INYAETCA B LIEHTPE 1
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no Kpasim mpoxoda noyt B Tpu pasa. [ns nony-
yeHns bonee 0QHOPOAHBIX Pe3yrbTaToB OMPbICKM-
BaHMA HEODXOANMO YMEHbLINTL LUMPWHY 3axBaTa.
Ecnn coenatb nepekpoITe COCeaHUX NPOXOLOB B
3 M, TO nonyuuTcs Hanbonee paBHOMEPHOE HaHe-
CEeHue npenapara Ha pacteHus (puc. 6).

Ecnun xe ana QOCTUKEHMS Lieni OnpbICKMBAHMS
OypeT 4OCTaTOMHO MEHBLUErO KONMYecTea npena-

pata, TO MOXHO YMEHbLUMTb [03Y BHECEHUS [0
MWUHUMANbHOTO 3HAYeHUs B  IKCMEPUMEHTE —
6 n/ra. Mpu atom ByaeT QOCTUTHYTO HaMMEHbLLEee
pasnuyne B pacnpeaeneH npenapara no mcty
(puc. 7). Torga LWMpKHY 3axBaTa MOXHO OCTaBUTb
NPexXHe, Tak Kak pasHuua B KonuyecTBe npena-
paTta no OCY TPAEKTOpUM 1 Ha Kpar Morockl 3a-
xBaTta OyeT He 04eHb 3HAYUTENBHOM.
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Puc. 5. PacnpedeneHue nnoujadu nokpbImusi Jucma no wupuHe 3axeama npu dose eHeceHus 10 n/2a
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3aknoyeHue

1. TpoBefeHHblE AKCMEPUMEHTANbHbIE MCChe-
[0BaHWUs NO OUeHKe 3deKTMBHOCTU npouecca
OMPbICKMBAHNS SPOBOW MLIEHULbI C UCMONb30Ba-
Huem BAC KBagpokonTepHOro Tuna Mo3BOMMAM
BbIIBUTb, YTO Hambonee 3HauMMbl haKTopamm,
BAMSIOLMMI Ha NIOLaab NOKPbLITUS NnUCTa npena-
paToM, SBNSKOTCA [03a BHECEHUs npenaparta W
PaCCTOSHWE pacTeHuUs OT OCK TPaekTopuu nonera
KBagpokonTepa.

2. MakcumarnbHas nnowjagb NOKpbITUA nncTa
pacTeHWs JOCTUraeTcs npu Cregyowmx 3HayeHu-
fIX (paKTOpOB: BbICOTA noneta — 3 M, Anametp
kanmu — 80 mMkm, go3a BHeceHuss — 10 n/ra, pac-
CTOSiHWe OT ocu nponeta — 1 m.

3. Hambonbluas paBHOMEPHOCTL pacnpeaene-
HWSA npenapaTa no LUMpUHe 3axBaTa AOCTUraeTcs
NP MUHUMAaNbLHOM BO3MOXHOWM [03€ BHECEHUS
npenapata, MO3TOMY NapameTpbl OMpPbICKMBAHUS
HeobXoaMMO yCTaHaBnNMBaTb Ha OCHOBE MMHU-
MarnbHOM 3(pheKTMBHOM [03bl BHECEHWS npenapa-
Ta.
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H.U. CenuBaHos, A.B. Ky3Heuos, H.B. Ky3bmuH
N.l. Selivanov, A.V. Kuznetsov, N.V. Kuzmin

®OPMUPOBAHWE CLIEMHOIO BECA KONECHbIX TPAKTOPOB
AnA TEXHONOr M NOYBOOBPABOTKHU

FORMATION OF THE HITCH WEIGHT OF WHEELED TRACTORS FOR TILLAGE TECHNOLOGIES

Kntoyeenie cnosa: konecHbIli mpakmop, napamemp-
adanmep, bannacmupogaHue, CUenHol 8ec, mexHonoauu
noysoobpabomku, yoenbHas macca.

Llenb paboTbl — 06ocHOBaHWe YPOBHS M pacnpeaene-
HWSI MO OCSIM CLLEMHOTO BECA 3HEPrOHACHILLEHHBIX KOMEeC-
HbIX TPAKTOPOB B COCTaBe No4BOODOpabaThIBAKLLMX arpe-
raToB pasHOro Tuma U TEXHOMOTMYEcKoro HasHaueHus. C
YYETOM HOpMaTWBHbIX TPeOOBaHWI 3a OCHOBHOW napa-
MeTp, ONMPeaenstoLLmMiA HOMUHAmNLHOE TArOBOE YCUMME U
Knacc TpakTopa, MpUHSTLI KCyaTaluMoHHas, C MOMHbIM
Bannactom, Macca M KOOpAWHaThLI LEHTpa, KOTOpbIM CO-
OTBETCTBYKT 3KCMIyaTaLMOHHbIA BEC U LEHTP TSHKECTH,
OnpeaensioLLme HopManbHbIe B CTaTWUKe peakLuu NoYBbl
Ha nepegHue M 3adHWe Koreca. YBENWYeHWe CLEmHOro
Beca Tpaktopa go (0,05-0,16)Gs u nepepacnpeaeneHue
€ro Mo ocsM B pexume pabodero xoga, obycnosneHHoe
BO30ENCTBMEM HOPManbHOM COCTaBMSIOWEN TAroBOrO
CONPOTUBNEHMS 1 Beca paboyeil MalMHBbI, Knaccuduum-
POBAHO Kak [JOnoMnHUTensHoe GamnnactuposaHue. Ycno-
BMEM afanTauuM KOMeCHbIX TPakTopoB 4k40 K pexumy
paboyero xofa Npy ONTUMANEHOM LIEHTPE TSHKECTH (Mac-
Cbl) B COCTaBe MPMLEMNHBIX, MOMYHABECHbIX W HABECHbIX
no4ysoobpabatbiBaloLLMX arperatoB sBnseTcs obecneve-
HWe Pa3BeCOBKM MO OCSM B CTaTWUKE, COOTBETCTBEHHO,
(0,55-0,56); (0,59-0,60) n (0,63-0,65). B xapakTepHom AN
TpakTOpoB 4k4a WHTEpBane Ans ykasaHHbIX TWMOB arpe-
raToB LEHTP TSKECTW COCTABMSIET, COOTBETCTBEHHO,
(0,40-0,44); (0,42-0,46) n (0,46-0,50). YBenuyeHue peak-
LW MOYBbI HA KOMECa M CLEMHOro Beca TpakTopos, 00y-
CMOBMEHHOE BO3AENCTBMEM HOPMAIbHON COCTABNAHOLLEN
TArOBOrO COMPOTUBNEHMS M Beca paboueil MalvHbl, o-
cruraet 5,5-16%. Mpu hopmMmnpoBaHUM aKCnyaTaUUoHHO-
ro Beca TPaKTOpOB LienecoobpasHo MpuHSTL 3a OCHOBY
9KBMBANEHTY — yaenbHyl0 mMaccy B ctatuke 58,0 Kr/kBT ¢
pacnpegenexnem no ocam 0,60/0,40 ans (4k46) (0,40-
0,45) u (4kda) gnsa (0,40-0,45). YkasaHHble napameTpbl
0becrneumBaroT MCNoNb30BaHWE arperatos B paLyoHanb-
HbIX /159 TEXHOMOIMIA CKOPOCTHbBIX MHTEpBarax, CHUXatoT
[0 MMHMMYMa MaccCy CbeMHoro Bannacta, CyLeCTBEHHO

coKpallas 3aTpaTbl BpEMEHW W CPEACTB Ha MOLTOTOBKY K
paboTe.

Keywords: wheeled tractor, parameter-adaptor, bal-
lasting, hitch weight, tillage technology, specific weight.

The research goal is to substantiate the level and dis-
tribution of the hitch weight by the axes of high-powered
wheeled tractors as part of tillage units of different types
and technological purposes. Taking into account the nor-
mative requirements for the main parameter determining
the nominal traction force and class of the tractor are tak-
en operational, full ballast mass and the coordinates of the
center which corresponds to the weight and the center of
gravity which determine the normal static reactions of the
soil to the front and rear wheels. The increase of the trac-
tor hitch weight up to (0.05-0.16)Ge and its redistribution
along the axes in the working run mode caused by the
influence of the normal component of traction resistance
and the weight of the working machine is classified as
additional ballasting. The condition for adapting 4k4b
wheeled tractors to the working run mode with at the opti-
mum center of gravity (mass) as a part of trailed, semi-
mounted and mounted tillage units is to provision of
weight distribution on the axes in static, respectively:
(0.55-0.56); (0.59-0.60) and (0.63-0.65). In the range
typical for 4k4a tractors, for these types of units, the cen-
ter of gravity is respectively: (0.40-0.44); (0.42-0.46) and
(0.46-0.50). The increase of soil response to the wheels
and the hitch weight of tractors, due to the influence of the
normal component of traction resistance and the weight of
the working machine, reaches 5.5-16%. When forming the
operational weight of tractors, it is advisable to take as a
basis the equivalent - specific gravity in statics 58,0 kg/kW
with an axle distribution of 0.60/0.40 for (4k4b) (0.40-0.45)
and (4kda) for (0.40-0.45). These parameters ensure the
use of units in speed intervals that are rational for technol-
ogy, reduce the mass of removable ballast to a minimum,
significantly reducing the time and money spent on prepa-
ration for operation.
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