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Summary
The article presents the results of modeling and experimental studies of the working bodies of chisel
tools with improved geometric characteristics. The results of experimental studies have shown that the
use of working bodies with improved geometric characteristics of the working surface can reduce the
total traction resistance of the tractor by 6-9%. It is noted that the effectiveness of the use of experi-
mental working bodies decreases with an increase in the speed of movement of the unit.
Abstract

Introduction. Innovative crop production technologies, which are the main source of human food,
have a significant energy intensity, which has an increasing tendency. These technologies account for
up to 85% of all energy costs of agricultural production, half of which fals on tillage operations. The
scale of fuel consumption for tillage operations is such that a 1% reduction in energy costs saves up to
1.5 million tons of fuels and lubricants. Therefore, the issue of finding ways to reduce energy costs
during tillage operations remains relevant today. Currently, various methods have been proposed to
reduce the resistance of working bodies of tillage implements. the use of working bodies with im-
proved geometric characteristics of working surfaces; the use of vibrational and vibrational modes of
operation of working sections; the use of antifriction coatings on working surfaces; optimization of
operational parameters of the entire machine and tractor unit. The basis of all these measures applied
in practice are the foundations for the study of the physic-mechanica and dynamic characteristics and
conditions of the processed material; the nature of the mechanical impact on the soil layer by various
types of deformers; mathematical models describing the state of the operational parameters of ma-
chine-tractor units with different nature of their loading. Object. The object of the study is the techno-
logical process of chisdl tillage, technologica operations of destruction and displacement of the soil
layer, the stress-strain state of the formation under the action of chisel working bodies with different
geometric characteristics of the working surface. Materials and methods. Theoretical research meth-
ods are based on the analysis and modeling of the physical features of the destruction and movement
of the soil layer on the surface of the working body. Experimental studies were carried out on real ob-
jects of tillage implements equipped with working bodies with different geometric characteristics of
the working surface using standard techniques. Results and conclusions. Based on modeling the pro-
cess of moving a soil particle over the surface of the working body, a parabolic equation is obtained
that can be used to justify the surface of the working body, which provides variable deformation of the
soil layer during its movement. A 3D model and a full-scale sample of an experimental working organ
of a chisel plow with improved geometric characteristics of the working surface have been created.
Analysis of the results of field studies of the energy intensity of the technological process of chiseling
the soil, that the use of working bodies with improved geometric characteristics of the working surface
can reduce the total traction resistance of the tractor by 6-9%. It is noted that the effectiveness of the
use of experimental working bodies decreases with an increase in the speed of movement of the unit.

Key words: chisel plow, traction resistance of the chisel plow working section, chisel plow
working body, tractor hook load.
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CHUXEHUE TATOBOI'O COITPOTUBJIEHUSA YM3EJILHBIX OPYIUM

. C. T'anu4, doxmop mexuuyeckux Hayk, npogeccop
1O. A. llIBabGayap, acnupanm
C. U. Cyb660Tun, acnupaum
A. C. I'yoaiinyaun, acnupanm

@I'FOY BO Boneoepaockuii [AY
2. Boneoepao, Poccuiickas @edepayus

AKTyaJIbHOCTh. VIHHOBaLlMOHHBIE TEXHOJIOTUH PACTEHHEBOCTBA, SIBIISIOIIUECS OCHOBHBIM HC-
TOYHUKOM IPOIYKTOB IMTAHUS YEJIOBEKA, 00IaatoT 3HAYUTEIbHON SHEPrOEMKOCTBIO, HMEIOIIEH BO3-
pactarontyro TeHaeHuuto. Ha nanabpie TexHomorun npuxogurcs 10 85% BceX SHEPreTHYecKHX 3aTrpar
CeNTbCKOXO3SIICTBEHHOTO TPOW3BOJICTBA, TIOJIOBUHA W3 KOTOPBIX MPUXOAUTCS HA MOYBOOOpabaThIBaro-
mye onepauuy. Macitalbl pacxoa TOIUIMBA Ha OYBo0OpadaThIBaronye onepanud B PO TakoBsl, 4To
CHIDKEHHE SHEPreTHYeCcKHX 3aTpar Ha 1% Mo3BoJsieT 3KOHOMUTH 10 1,5 MITH. TOHH roproye CMa304HbIX
MmarepuainioB. [103ToMy akTyalbHBIM CETOAHSI OCTAETCSl BOIPOC MOUCKA CIIOCOOOB CHM)KEHHSI SHEPTETH-
YEeCKHX 3aTpar IPH MPOBEACHUH TOYBOO0OpaOATHIBAIOIIMX Olepalyii. B HacTosIee BpeMs PeIokKEeHbBI
pa3IUYHBIE CIOCOOBI YMEHBIIICHHUS COMPOTHUBIICHUS pab0vrX OpPraHOB MIOYBOO0OPAOATHIBAIOINX OPYAHM:
NpUMEHEHHEe pabourX OpPraHoB C YIYYIIEHHBIMA F€OMETPUUYCCKHMH XapaKTepHCTHKaMH PaboOuuX Mo-
BEPXHOCTEH; HCIOJIb30BaHKUE KOJICOATENbHBIX U BHOPAIMOHHBIX PEKUMOB pabOThl pabO4MX CEKIIWH;
NPUMEHEHHE Ha paboyMX MOBEPXHOCTAX AHTU(PUKIMOHHBIX MTOKPBITUH; ONTUMH3ALIS IKCILTyaTalluOH-
HBIX NTApPaMETPOB BCETO MAIIMHHO-TPAKTOPHOI'O arperaTta. B OCHOBY BceX 3THX NMPUMEHSEMbIX Ha MPaK-
THKEC MCpOHpI/IHTI/Iﬁ 3aKJIaAbIBaltOTCA OCHOBBI IO HM3Y4YCHHIO (1)I/I3I/IKO'MCX3HI/I‘-I€CKI/IX 1 JUHAMHYCCKHX
XapaKTEepUCTUK 00pabaThIBAEMOIr0 MaTepuasa; XapakTepa MEXaHHYECKOro BO3ACHCTBUSI Ha MIOYBCHHBIN
IUIACT Pa3IUYHBIMU BHAAMH Ae()OpPMaTOPOB; MaTeMaTHIECKUE MOJENH, OMUCHIBAIOIINE COCTOSIHUE HKC-
IIyaTallMOHHEIX [TapaMETPOB MAIIMHHO-TPAKTOPHBIX arperaTtoB IIPH pa3IMYHOM XapaKTepe UX Harpy-
xeHus. O0beKT. OOBEKTOM HCCIIEJOBAHNUS SBISICTCS] TEXHOJIOTHUECKHI TPOIECC YU3EIbHOM 00paboTKu
MIOYBBI, TEXHOJIOTHYECKUE ONEPALMU Pa3PYyLICHUS] U MEPEMEIIEHHS OYBEHHOr0 IUIACTa, HANPSDKEHHO-
neopMHUpPOBaHHOE COCTOSIHUE IUIacTa IMOJ| JEHCTBHEM UHM3EIbHBIX PabOYMX OPraHOB C PAa3IMYHBIMU
TeOMETPHUYECKUMH XapaKTEPUCTUKaMU paboueil moBepxHocTH. MaTepuasibl M MeToAbl. Teoperuye-
CKHE METOJbI MCCIENOBaHUs 0a3MpPyIOTCS HAa aHAIM3E U MOJECIUPOBAHMU (PU3NUECKHX OCOOCHHOCTSIX
pa3pylIeHHus ¥ NepeMelIeHHs TTOYBEHHOrO IJIacTa MO MOBEPXHOCTU paboyero opraHa. JKCHEPUMEH-
TaJIbHBIC MCCJICIOBAHUS ITPOBOUIIMCH HA PealIbHBIX 00BEKTaX MOYBOOOPAOATHIBAIOIINX OPY/HUA, OCHA-
HICHHBIX Pa0OYMMK OpPTraHaMH C Pa3IMYHBIMU T€OMETPHUUECKUMH XapaKTepHUCTHKaMHU paboueil moBepx-
HOCTH, C IPUMEHEHHEM CTaHIAPTHHIX MeToAuK. Pe3yjbTaThl 1 BbIBOABL. Ha ocHOBaHMM MOaenupoBa-
HUA TIpoliecca MepeMelIeH s TIOYBEHHON YacTHIIBI TIO0 TIOBEPXHOCTH Pabovero opraHa moyiydeHo mapa-
0oJMYecKoe ypaBHEHHE, KOTOPOE MOXKET OBbITh UCIIOB30BAaHO MTPHU 0OOCHOBAHWUH TIOBEPXHOCTH pabovero
oprana, 00ecrieYrBaroIIeH MepeMeHHYI0 JieopMalnio TOYBEHHOTO TUIacTa pu ero nepemenienun. Co-
3nana 3/] Mozenb W HaTypHBIM 0Opasel IKCIIEPUMEHTAIBHOIO padovero opraHa 4M3esIbHOTO ILIyTa C
YIIy4IIEHHBIMH TEOMETPHUECKUMH XapaKTepUCTUKaMH pabodeil MOBEpXHOCTH. AHAIM3 PE3yJIbTaTOB
TMIOJIEBBIX HCCIIEJOBAHWN 3HEPrOEMKOCTH TEXHOJIOIMYECKOro Mpolecca YU3eJeBaHHUs MOYBbI MOKa3all,
YTO WCIOJIF30BaHHE pabOUYMX OPraHOB C YIIyUIIEHHBIMA [€OMETPHUECKUMH XapaKTEpUCTUKaMu paboyeit
MTOBEPXHOCTH TIO3BOJISIET CHU3UTH OOIIEe TATOBOE COMPOTHBIICHHE TpakTopa Ha 6-9%. OTMeueHo, 4To
3¢ PEKTUBHOCTH TIPUMEHEHUSI SKCIIEPUMEHTAIIBHBIX pab0UYMX OPraHOB CHUYKAETCS TIPH YBEITHIESHUH CKO-
POCTH IBIKEHUS arperara.

Knrwueevie cnosa: uusenvuvili niye, mazo80e COnpomusieHue paboueti ceKyuu uu-
3e1bHO20 Nity2d, pabouuli opeana YU3enbHO20 Niyed, KPIOKO8As Ha2py3Kd mpaKkmopa.

Huruposanue. [anuu J[. C., llIBadayap 0. A., Cyo6orun C. U., I'yoaiiaynun JI. C. CHwkeHue Ts-
TOBOTO COINPOTHMBICHHS YH3ENbHBIX opymuii. Hzeecmus HB AVK. 2023. 4(72). 398-409. DOI:
10.32786/2071-9485-2023-04-40.
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ABTOpCKMIi BKJIaJ. Bce aBTOpHI HACTOAIIEr0 UCCIEIOBAHUS INPUHUMAIN HEMOCPEICTBEHHOE yyacTUE B
IUIAHUPOBAHNH, BBINOJHEHUH WM aHAIM3€ JaHHOTO HCCleNoBaHus. Bee aBTOpHI HACTOSAIIEH CTaThU O3HA-
KOMMJIMCh C IPEACTaBICHHBIM OKOHUYATEIbHBIM BAPHAHTOM U OJJOOPUIIH €TO.

KondaukTt uHTepecoB. ABTOPHI 3asBIIAIOT 00 OTCYTCTBUM KOH(DINKTA HHTEPECOB.

BBenenne. HHOBAIMOHHBIE TEXHOJOTHH PACTEHHEBOCTBA, SIBIISIOIINECS OCHOBHBIM
MCTOYHUKOM MPOJYKTOB NMUTAaHUS YeJIOBeKa, 00JIaat0T 3HAYUTEIIbHON SHEPrOEMKOCTBIO, UMEIO-
1€l BO3pacTaromlyto TeHIeHIH0. Ha 1aHHbIe TEXHOIOTUH MPpUXoauTes 10 85% BcexX SHepreTu-
YECKHX 3aTpaTr CeIbCKOXO3AHCTBEHHOI'O IPOU3BOJCTBA, MOJIOBHHA M3 KOTOPBIX MPUXOAUTCS Ha
nouBooOpabdateiBatonue oneparmu [1, 2]. Ilo3ToMy akTyalbHBIM CErOJHS OCTAeTCsl BOIPOC IO~
UCKa CIOCOOOB CHM)KEHMS SHEPreTMYECKUX 3aTpar MpHU MPOBEAECHUU MOYBOOOPAOATHIBAIOIINX
ornepauui.

OcHOBOITOJIOXKHUK 3eMiiesieNibueckoil Mexanuku ['opsiukun B. I1. ykaspiBan, 4yTo ymMeHb-
IIEHHEe YHEPrOEMKOCTH Mpoliecca MoYBO0OpabOTKH HEOOXOIUMO J100MBATHCS 33 CUET CHUKEHMS
TSATOBOTO CONPOTHBIICHUs pabovnX opraHoB. B HacTosIee Bpems MpeaioKeHbl pa3IndHbIe CIo-
COObI YMEHBILICHUS CONPOTUBIIEHHS PA0OUMX OPraHOB I10YBOOOPAOATHIBAOIINX OPYIAMI: IpUMe-
HEHUE pabo4uX OPraHoB C YIYYIIEHHBIMU I'€OMETPUYECKHMMHU XapaKTEPUCTUKAMU pabouux Io-
BEPXHOCTEH; UCIIOJIb30BaHUE KOJIE0aTENbHBIX U BUOPALIMOHHBIX PEKUMOB pabOThI paboUnX CEK-
[Mii; TPUMEHEHHe Ha pabovMX MOBEPXHOCTAX AHTU(PUKIMOHHBIX MOKPBITHI; ONTHMH3ALM
9KCIUTYaTallMOHHBIX [apaMeTpoOB BCErO MAallMHHO-TpPakTOpHOro arperatra [3]. B ocHoBy Bcex
3TUX MPUMEHIEMBIX Ha TMPAKTHUKE MEPOIIPUSTHI 3aKJIaIbIBAIOTCSI OCHOBHI 110 M3YUSHUIO (DH3HKO-
MEXaHMYECKUX U JUHAMHUYECKUX XapaKTEPUCTUK 00pabaThbiBaeMOro Marepuaia; Xapakrepa Me-
XaHUYECKOTO BO3/ICMCTBUS Ha MOYBEHHBIN IUIACT Pa3IMYHbIMU BUIAMU 1e(OpMaToOpOB; MaTemMa-
THYECKUE MOJIENH, OIKUCHIBAIOIIME COCTOSIHUE OSKCIUTYyaTAallIOHHBIX MapaMeTpoOB MallHHHO-
TPAKTOPHBIX arperaToB IMPH PA3IMIHOM XapaKTepe UX HATrPYKEHHUSI.

He ocranaBnuBasich Ha CpaBHUTENbHON OLIEHKE 3(PPEKTUBHOCTU MpeIaraeMblx CIO-
co0OB, OTMETUM B KauecCTBE JOCTOMHCTBA MEPBBIX JABYX MX BCEOOBEMIIIOIINN XapakTep: KOH-
CTPYKTOPCKOE COBEPIICHCTBOBaHUE PabOYMX OPraHoB W pabOUYMX CEKIMH MOYBOOOpadaTHI-
BAIONIMX MAIIMH MOXKHO MPOBOJUTH NMapaIIeIbHO C APYTUMH MEPOIIPHATHIMH 110 YMEHBIIIe-
HUIO PHEpPreTHYecKux 3arpar. PaccMoTpuM Gosee noapoOHO TeOpeTHYecKre OCHOBBI Mpejiia-
raeMoro crnoco0a nmpuMeHeHus nedopMaluy pPacTsHKEHUS U U3ruba MoYBEHHOIO IJ1acTa npu
JIBIDKEHUH 110 pabodyemMy opraHy.

Matepuanbl 1 MeToabl. TeopeTnueckre MEeTO bl UCCIIEJOBaHUS Oa3UPYIOTCS Ha aHa-
JU3€ U MOJIETIMPOBAHUHU (PU3UUECKUX OCOOCHHOCTSX pa3pyLIeHUs U NepeMeIleHHs TOYBEHHO-
ro IJIacTa Mo MOBEPXHOCTH padoyero opraHa. JKCIepUMEHTAIbHbBIE UCCIIEIOBAHMS IPOBOIU-
JUCh Ha peahbHBIX 00BEKTaX MOYBOOOPAOATHIBAIOIINX OPYAUH, OCHAIICHHBIX Pa0OYUMHU Op-
raHaMu C Pa3IMYHBIMH T€OMETPUUYECKMMU XapaKTEPUCTUKAaMHU paboyeil MOBEPXHOCTH, C MPHU-
MEHEHHEM CTaH/IapPTHBIX METO/IUK.

PesyabTartel u o0cyxknenne. B kKoHCTpyKiMu paboueit CeKIUN YU3eIbHOro IUIyra cie-
JYeT BBLICIUTH JBa 0a30BBIX JIEMEHTA, SBJLIOIMXCS OOIIMMH sl JIIOOBIX Mojeneil. OT1o
CTOMKa M pabouuii opraH B BUJI€ CMEHHOTO JI0JI0Ta. 33/1a4a CTOWKM 3aKitoyaeTcst B odecreye-
HUM JKeCTKOW pabouero oprana ¢ pamoii miyra. CMEHHOE JI0JI0TO, [0 CBOEH CYTH, B 3aBUCHMO-
CTU OT KOH(UTypalMy MpeacTaBiIseT co00H MOJU(PHKALMIO JBYXTPAHHOTO IUIOCKOTO KIIMHA,
o] JIeCTBHEM KOTOpPOTro MoyBa MojBepraercs Aedopmanusm cxarus, pucyHok 1. Ilox neii-
CTBHEM KJIMHA B TIOYBEHHOM ITIACTE BO3HHKAET CIIOKHOE HANpsHKEHHOE COCTOsHME. [IprHATO
CUHTaTh, YTO pa3pylleHHE TOUBEHHOI O TU1acTa OCHOBaHO Ha Teopun Kynona-Mopa [4, 5].

JHedopmarus cxxaTus 1Mo YHEProeMKOCTH Mpoliecca MpeBbIaeT 1ehopMalmio pacTs-
xeHust 6osee yeM B 10 pa3 [6]. OOpazoBanue npu aeopManuu CKaTus MepeyrIOTHEHHBIX
IIIbI0, pa3pylleHne KOTOPbIX TPeOYyeT MOMOIHUTENBHBIX 3aTpaT 3HEPruH, TaK e MOBBIIIAET
HHEProeMKOCTh TpoIecca 00pabOTKH MOYBHI.
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[ToaToMy OJTHUM M3 CIIOCOOOB CHUKEHHS SHEPreTHUECKHUX 3aTpaT Ha 00paboTKy moy-
BBl SIBJISICTCSI MICTIOJB30BAaHUE Pa0OYUX OPTraHOB, TEOMETPHUS KOTOPBIX OOECIeYMBACT Tepe-
MEHHYIO Jehopmaliuio MoYBEHHOTO 1acTa [7, 8].

PI/IC}/HOK 1 — Pabouas CCKIUA YMU3CIIBbHOIO I1yra € ynqueHHOﬁ FGOMeTpHeﬁ IMOBECPXHOCTHU
pabouero oprana
Figure 1 — The chisel plow working section with improved geometry of the surface of the
working body

JU1 aHaTMTUYECKOTO ONMMCAHUsS TAKOH OBEPXHOCTH PACCMOTPUM JBUKEHHUE YaCTHIIBI
TIOYBHI 10 TIOBEPXHOCTH MTPOU3BOIILHON (DOPMBI U3 TOUKH 4 B TOUKY B TI0J] IEHCTBHEM MTOCTO-
SHHOM cuiibl R, pUCYHOK 2.

KpurepuansHoe ycinoBue MUHMMYMa SHEPruu, 3aTpaulBaeMol Ha MepeMelIeHne pac-
CMaTpUBaEMOM YaCTHIIbL, 3anuIIeTCs B BUAE [9]:

N=0

rae N — HopManbHas peakiys OMOPHOI MOBEPXHOCTH.

N
g i \ w 7
i i
sl -
R A v
] .
¥ ,"'\'i‘..'- Nl J
A

P HUCYHOK 2— CI/IJ’II:I, BO3HHUKAIOIIHE MPU MMEPEMCIICHNN YaCTULIBI ITIOYBEI 110 napa60m/1qecxoﬁ
TMOBEPXHOCTH JIC3BUA J0JI0TA
Figure 2 — Forces arising when moving a soil particle along the parabolic surface of the chisel blade
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PaccmoTpuM mosiokeHHe 4acTHl] B IIPOU3BOJIBHBIM MOMEHT BpeMeHH t=t;, Touka A;.
Juddepennnanbapie ypaBHEHUS IBHKEHUS YaCTHUIIBI B IPOSKLUAX HA OCH €CTECTBEHHOH CH-
CTEMbI KOOPAUHAT 3alIUIIYTCS B BUJE:

do R )
— = Rcos
ot ¢
2 2
- l) - l)
N =0=Rsina-R— =sing-— =0 2
p p

)
BripaszuB cosa = d_ , Tle S— paccTosiHUE OT TOYKU A 10 TOUKH A1, OTYIUM
S

do dy
—=R—. 3
dt ds

ds

VYuauTeIBas, 94To d_ = v, 3aIHUILEM:
t

oo = Rdy. 4

Uurerpupys BHIpOKEHHE 4 TIPH CIEAYIOIMX HAYATBHBIX YCIOBUSIX:
t=0;0=10p; Y= Yp, nonyaum

0% = 2Ry +0§ - 2Ryp, (5)
[IpeoOpa3oBaB BbIpakeHUE 5, MOITyUYUM
2_ 2
0" =vg +2R(Y-Yp)- (6)
W3 ypaBHeHus 2 nony4eHo
dx
1)2 =p—. (7)
ds

Panuyc KpuBH3HBI TPa€KTOPHUH p BBIPA3UM UEPE3 MEPEMEIICHUE YACTULIBI

o
p_da’

TOra
2 ds dx dx

T E— = (8
da ds da

Cormnacho [2]
‘d
L
1+(y)

)2

9)
CJIENOBATEIBLHO

2 1+(y

= 10
v y (10)
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[ToncraBuB Beipakenue 10 B BeIpakeHUe 6, MOJIydnuM:

2
2 1+(y)
vo+2R(y-yo)=—y, ,
1507051
2
L 1+(Y)
= )
00 +2R(y-y0)
O003Ha4NB
dy
y= Cdx
MOJIy4YUM

[ToncraBuB BeipaxkeHue 14 B BolpaskeHue 12, momydum:
dp 1+ p2
p o= 2 ’
dy o5 +2R(y-Yp)

pa3aciiiB NICPEMEHHBIC U UHTCTPUPYA BBIPAKCHUC 15 IIOJIy4YCHO

1+ p2 1 -
5 = 5 (vg *2R(y-yp))
1+ PO 0
N3 KOTOPOTI'O MOJYYCHO
2 2R 2 2 2R 2
pP™=—=5(1+py)y+py-—5 Yo(ltpg).
0 Y0

Beens 0003HayeHUsS

2R 2
A=—75(1+pg),

[Tonydeno

WHTErpUpYs BeIpakeHne 18 momyyeHo

2
X = x1+;\(\/Ay+B-JAy1+B)

OTKyJa

A A AX
yzzxz-zx%+y1-71x-x1/Ay1+B-xlqlAy1+B.
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0O003Ha4nB:

=a,

1
oA TB A,

A 2
le -X1VAY+B+y; = x

>

HUMCCM
y = ax? - fx+y. (21)

Takum oOpa3zom, mapaborndeckasi MOBEPXHOCTh paboyero opraHa MOKeT oOecredn-
BaTh CHIDKCHHE OJIHOTO M3 CIIAraeMbIX OOIIEro TSATOBOTO COMPOTHBIICHUS pabovero opraxa,
CBSI3aHHOTO C IEPEMEIICHUE YACTHIIbI TOYBBI IO €r0 MOBEPXHOCTH.

Comnpsirast mpouId MOJYYSHHOM KPUBOM B 00JIaCTH CYIIECCTBOBAHHS FCOMETPUICCKUX
TOYEK paboyero opraHa, ¥ OCYIIECCTBUB BpAICHUE KPUBOW OTHOCHUTEIBHO MPOJOIBHONW OCH
pabouero oprana, Obuta monydeHna 3J] mMoaens paboueil MOBEPXHOCTH, MPEACTaBICHHON Ha
pucyHke 3a.

a) 0)

Pucynok 3 — DkcriepMeHTaNIbHBIN padounii opraH 4u3eabHoro miyra: a) — 31 Mmojgesnn
JKCIIEPUMEHTAIBHOTO pabovero oprana; 0) — 3KCIepUMEHTAIbHBIN pabOUHii OpraH C YIy4IIeHHON
reoMeTpuel paboueil MoBEpXHOCTH
Figure 3 — Chisdl plow experimental working body: a) — a 3D model of an experimental working
body; b) — an experimental working body with an improved geometry of the working surface

[To momyuennoit 3] monenu pabouero oprana B jmteiHon 1adoparopuun @PI'BOY BO
«Bonrorpaackuii TOCyIapCTBEHHBIM TEXHUYECKUH YHUBEPCUTET» OblJIa OTJIMTA MapTHS JKC-
nepuMeHTanbHbIX 10110T ([laTent Ha uzobperenue Ne 2792117 C1), pucynok 36.

B kauecTBe OCHOBHOTO MarepHaja JIjsi U3TOTOBJICHMS SKCIIEPUMEHTAIBHBIX J0JIOT,
corylacHO pekoMeHaanusmM [11], 6611 BIOpaH BeICOKOYTIepoaucThlil cimaB BU-50. Dkcnepu-
MEHTaJbHBIE J0J0Ta OBLIN MOJABEPTHYTHI TEPMUUECKONU 00pabOTKe, COCTOSIICH U3 N30TEPMHU-
YECKOW 3aKaJKd, M HHU3KOro otmycka [12]. OCHOBHBIE PEKHUMBI TEPMUUYECKOW 0OpabOTKH
npecTaBieHbl B Tabuie 1.
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Tabnuua 1 — Pexxumbl TepMudeckoit 00paboTKH, pUMEHsIEMbIE 7Sl YIPOYHEHUS
9KCIEPUMEHTAIBHBIX JT0JIOT
Table 1 — Heat treatment modes used for hardening experimenta bits
Ne map- 3akanka
TUU Harpes OxnaxaeHue
CryneHyarslii:
10 600°C B mieun ¢ marom 100°C B Teuenue 15
muH. [lanee Harpe mo 900°C B comnsiHON BaH-
He, BpeMs BbLAEpKKH — 40 MUH, 3aTeM mepe-
HoC B coisiHyto BaHHY t = 400 °C, Bpemsi BBI-
JIEPKKH 2 daca.

Otnyck

Temmnepatypa oTIryc-
BO3YX Ka - 240°C Bpems
BBIIEP)KKH — 2 "aca

C uenbto oueHKH 3(PPEKTUBHOCTH MPUMEHEHHSI SKCIIEPUMEHTAIbHBIX J10JIOT € yIyd-
[ICHHBIMHA T€OMETPHUYECKUMH XapaKTEPUCTUKAMH paboueil MOBEPXHOCTH OBLTH MPOBEICHBI
CpaBHUTEIbHBIC TOJEBbIE UCIBITAHUS CEKLUH YM3ENbHOTO IJIyra, 000pYyJOBaHHBIX 3KCIIEPH-
MEHTAJIbHBIMH U CEPUIHBIMHA PAOOYNUMH OpraHaMHU.

B npornecce npoBeneHus 3kcriepuMeHTa (PUKCUPOBAIMCH TaKUE MapaMeTphbl Kak: TOpH-
30HTAJIbHAsA COCTABJIAIOMIAA TATOBOTO COIPOTUBJICHHA CCKIUMH YU3CIBbHOI'O ILIyra, KPrOKOBas
Harpy3ka TpakTopa, AeHCTBUTEIbHAsE CKOPOCTh JBM)KEHUS MAIIMHHO-TPAKTOPHOIO arperara,
PHUCYHOK 4.

Pucynok 4 — OO11uit BUJI 3KCIIEPUMEHTAIBLHOIO YU3€JILHOIO arperara
Figure 4 — General view of the experimenta chisel unit

CunoBble Harpy3Kd HU3MEPSUTUCH MPU MOMOIIM TEH30METPUYECKHUX JATYUKOB, HAKIIe-
€HHBIX Ha CTOWKY pa0oveil CeKIIMU U TEH30METPUIECKHE MANbIIbI, YCTAHOBIICHHBIX B HIDKHUX
U BEpXHEH Tsre MpUIIeITHOTO YCTPOICTBA TpaKTOpa.

O6paboTka SKCHIEPUMEHTANBHBIX JAaHHBIX MO3BOJMIA TMOJYYNUTh rpadUuecKue 3aBH-
CUMOCTH W3MEHEHHUS TATOBOTO COMPOTHBIICHUS OTIEIBHBIX CEKIMH M KPIOKOBOW HArpy3KH
TpakTopa B GYHKIIUUA CKOPOCTH JIBHXKCHHS, PUCYHKH 5, .

AHanmu3 rpaduUecKHX 3aBUCUMOCTEH PUCYHKA 5 TMOKa3bIBa€T, UYTO C YBEIHMYCHHUEM
CKOpPOCTH JIBUKCHHUSI TPAKTOpa HAOIIOAAETCS MPUPOCT TATOBOTO COMPOTUBIICHUS CEKITHH YH-
3eNbHOTO MIyra. HTEHCUBHOCTD TOTO MPUPOCTa OOIBIIE Y CEKIIUU, OCHAIIEHHOW dKCIIEePH-
MEHTaJIbHBIMH pa00YMMHU OpTaHaMH, HO BEJIMYMHA CPEAHETO 3HAYCHUS TATOBOTO COTMPOTHB-
JICHUS] DKCTIEPUMEHTANBHBIX CeKIUi Huxke. CHIDKEHHE TITOBOTO COMPOTUBIICHHS 32 CUET
MPUMEHEHHS IKCIIEPUMEHTAIBHBIX JO0JOT COCTAaBHIJIO: HA CKOPOCTAX 10 6 kM/4 — 12 %; Ha
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cKopocTsx cBbiie 6 km/u — 8%. Takoil a3pdekT MOKHO OOBACHUT TeM, UTO Mpu paboTe Ha
MOBBIIICHHBIX CKOPOCTSX TUIACT TIOYBBI, IBUXKYIIHICS IO pabodel MOBEPXHOCTH, HE YCIIEBACT
MOJIHOCTBIO TOBTOPUTH NMPOQHIIb paboyero oprana, 4Yro MPUBOJIUT K CHIXKEHHUIO JOJU Aeop-
MaIui, CBS3aHHBIX C PACTSHKEHUEM MOYBEHHOTO Tuiacta. Takoi ke 3¢ dexT Hadimomaercs u
MIpHU aHaM3e TpauuecKuX 3aBUCUMOCTEN prcyHKa 6. CHIKEHHE O0IIei KPIOKOBOW HArpy3Ku
TPaKTOpa 3a CYET MPUMEHEHUS JKCIEPUMEHTAIBHBIX JTOJIOT COCTABUJIO: Ha CKOPOCTSIX 10 6
KM/4 — 9 %; Ha CKOPOCTSAX cBbIlIe 6 KM/4 — 6%0.

P &N

fF

o ! 2 7 r g 6 A K kwy
PucyHok 5 — MI3MeHEHNE TATOBOIO COIIPOTUBIIEHUS YU3€EIbHON CTOMKHA OT CKOPOCTH JIBUKEHHUS
arperara: | — cepuifHble pabodre OpraHbl;, 2 — IKCIIEpUMEHTAIIbHBIE pa0o4re OpraHbl
Figure 5 — Change in the traction resistance of the chisel rack from the speed of movement
of the unit: 1 — serial working bodies; 2 — experimental working bodies

P xH

[

in

14 ¥, sy
i 2 - i 2 1

Pucynok 6 — MI3smeHeHHne KpIOKOBOM Harpy3ku yn3ensHoro arperara JT75+040-5%40 ot ckopoctu
IBWKEHUS: 1 — cepuiiHble paboune opransl; 2 — SKCIIEpUMEHTalIbHBIE paboyre OpraHbl
Figure 6 — The change in the hook load of the chisel unit DT75+ OCHO-5x40 from the speed of
movement: 1 — serial working bodies; 2 — experimenta working bodies
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3axkmiouenne. Ha ocnoBannu MOACIUPOBAHUA MPOLICCCAa NMEPEMECIICHUS MMOYBEHHOM HYaCTUlbI
0 TIOBEPXHOCTH PabOYero opraHa Mojy4eHo ypaBHEHHE Mapadobl, KOTOPOE MOKET OBITh HCIOIb30-
BaHO IpH OOOCHOBAHWH MOBEPXHOCTH paboyero oprana, oOecredynBaromell mepeMeHnyto nehopma-
IIUIO ITIOYBEHHOI'O IJIACTa IIPH €TI0 IMEPEMEIICHUN.

Co3pmana 3/ Mmozens ¥ HaTYpHBIM 00pa3zel] 3KCIePUMEHTANBHOTO pabouero opraHa Yu3eabHo-
TO TUIyTa C YyAYYIIEHHBIMUA T€OMETPUIECKIMHA XapaKTEePUCTHKAMHU pabodeil TOBEpXHOCTH.

Ananus PE3YIbTATOB ITOJEBBIX I/ICCJ'IC,Z[OBaHI/Iﬁ OHEPro€MKOCTU TEXHOJIOTHMYCCKOI'0 IIpoIecca
YM3CJICBAHUA ITOYBHI ITIOKa3aJjl, YTO HMCIIOJIB30BaHHC pa6oqnx OpraHoB C YJIYUYIICHHBIMHU I'€OMETpUYC-
CKHMMHU XapaKTCPpHUCTUKaAMHU pa60qel71 TMMOBCPXHOCTHU IMO3BOJIACT CHU3UTH 0611166 TATOBOC COIMMPOTUBJICHUC
TpakTopa Ha 6-9%. OTMeueHo, 4To 3pPEeKTUBHOCTh MPUMEHEHHS SKCIEPUMEHTAIBHBIX Pad0UHUX Op-
TaHOB CHMXXACTCA IPH YBEJIMYCHUUN CKOPOCTHU ABUXXCHUA arperara.

Conclusions. Based on the simulation of the process of moving the soil particle on the
surface of the working element, the parabola equation is obtained, which can be used when justi-
fying the surface of the working element, which provides variable deformation of the soil layer
during its movement.

A 3D model and a full-scale sample of an experimental working organ of a chisel plow with
improved geometric characteristics of the working surface were created.

Analysis of the results of field studies of the energy intensity of the technological process of
soil desiccation showed that the use of working tools with improved geometric characteristics of the
working surface allows reducing the total traction resistance of the tractor by 6-9%. It was noted that
the effectiveness of the use of experimental working el ements decreases with an increase in the speed
of movement of the unit.
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Abstract

Introduction. The basis of crop production technology is a set of agrotechnica operations and organiza-
tiona and technical measures related to preparing the soil for sowing and protecting crops from weeds. The
use of agrotechnical methods of surface tillage allows simultaneoudy with the use of technical means
without the use of chemical methods to perform weed control operations. Object. The object of the study is
an improved working organ of a steam cultivator. Materials and methods. A working body of the KPS —
4 steam cultivator is proposed to combat weeds during surface tillage in steam fields, as wdll as in row
spacing cultivated by awide-row method of agricultural cropsin irrigated and non-irrigated agriculture. By
properly influencing the soil, we creste optimal conditions for the development and growth of the root sys-
tem of agricultural crops. As aresult of loosening or compaction of the soil before sowing, effective fertili-
ty increases due to the optimal content of moisture, air and nutrientsin it. The pur pose of our research is
aimed at to increase the efficiency of surface tillage through the use of a self-cleaning working organ of a
steam cultivator, which helps to reduce energy and economic costs in the cultivation of agricultural crops.
Results and conclusions. The created design of the working organ of the cultivator eiminates the over-
hang of plant residues of trimmed weeds on the rack of the pointed paw, providing a reduction in traction
resistance, increasing productivity and quality of tillage by completely pruning weeds in the upper horizon
of the soil, preventing the removal of moist soil to the treated surface.

Key words. surfacetillage, working elements of cultivators, weed vegetation, steam cultivators.
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