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Annomauusn

Beeoenue. B HacTosilee BpeMsi TPUMEHEHHE KOMOMHUPOBAHHBIX MAIIMH U arperaTos Mo-
3BOJIICT 3HAYUTEIBHO COKPATUTh BpeMs Ha 00paboTKy mouBbl M 00ecneduTs Tpedyemoe
kagecTBo. CoBMelleHHe onepanyii B KOMOMHUPOBAHHBIX MAlllMHAX MPUBOAUT K YMEHb-
IICHUIO BIIMAHUS HEONAaronpHATHBIX IOTOIHBIX YCIOBHI Ha TEXHOIOTMYECKHE IPOLEC-
cbl. Mcnonp3oBaHue JaHHBIX MAlIMH MO3BOJSAET JIydllle 3arpy3UTh MOIIHBIE TPAKTOPA,
0COOEHHO Ha ydacTKaX C HEeOONbIION IMIOMmaablo, Iae padoTa ¢ MIMPOKO3aXBATHBIMU
arperaramu 3arpynHeHa. COBMEIEHHE TEXHOJIOTHYECKHX Onepanuii Hanbonee BBINOAHO
B MHTEHCHUBHOM 3€MJIE/IeNIMU Ha NOJsAX 0e3 copHsakoB. [ToaTomy pa3paboTka TeXHOIOTHI
U CPEACTB MEXaHU3ALUH, TTO3BOJISIONIMX KaUECTBEHHO U C HAUMEHBIINMHU 3HEpreTuue-
CKMMH U MaTepuabHBIMHU 3aTPaTaMu 00€CIIEUUTh TTOATOTOBKY MOUBBI, SIBIAETCS BaKHOU
3ayaueil. [lens vccnenoBanus — oneHNTsh 3G PEeKTUBHOCTE KOMOMHUPOBAHHOTO KyJIBTHBA-
TOpA /171 TIOBEPXHOCTHOI 00pabOTKH MOYBBI M TIOBBICUTH Kau€CTBO €r0 PadOThI.
Mamepuanst u memoowsi. Ha ocHOBaHMM MHOTOUYMCIIEHHBIX HCClEloBaHMI U Tpebopa-
HHH, IPEBABIAEMBIX K 104BO0OPa0aTHIBAIONINM MAIIMHAM C YIIPYTUMHU CTOHKAMH, pa3-
paboTaH KOMOMHHPOBAHHbIN KyJIBTHBATOP JUISl MOBEPXHOCTHOH 00paboTKM 1MO4BbI. Jlis
oneHKH d(Q(EKTHBHOCTH U U3y4YeHHMs TOKa3aTesnel paboThl Ky/lIbTHBATOpa ObLI IIPOBEJICH
MHOTO(aKTOPHBIIl SKCIIEPUMEHT MEPBOTrO MOps/Ka. 3a MapamMeTpbl ONTHMU3ALUN ObUIH
HPHHATHI TATOBOE CONPOTHBIICHHE CEKI[MM KyIbTUBATOPa M KPOIICHHE MOYBHI (pa3Mep
dbpakuuii ot 0 10 25 MM).

Pesynomamur uccnedosanus. IIpuMeHeHne SKCIIEPUMEHTATIBHOTO KYJIBTHBATOPA, 110 CPaB-
HEHHIO C CEpUIHBIMH, MO3BOJIAET CHU3UTH TATOBOE conpoTusnenue Ha 10—15 %, a Taxxke
HOBBICUThH Ka4€CTBO KPOIIEHHS MOYBBI Ha 5—6 %.

Obcyacoenue u 3axnouenye. B pesynbraTe NPOBENEHHBIX JKCIIEPUMEHTAIbHBIX HCCIIe-
JoBaHMil J1oka3aHa 3GGdEKTHBHOCTD Pa3pabOTaHHOTO KOMOMHUPOBAHHOTO KYJIBTHBATOPA.
Hcnonp3oBaHne JaHHOTO KyJbTUBATOpa MPHBOJMUT K CHUKEHHUIO SHEPro3aTpar u yimyullle-
HUIO Ka9ecTBa 00pabOTKH MOYBHI.

Knrouegvie cnoea: ob6paboTKa MOUBHI, NPYKUHHAS CTOWKA, KOMOMHUPOBAHHBINA KyJIBTHBA-
TOP, TATOBOE CONMPOTUBIICHHE, IPUKATHIBAIOIIHI KaTOK, 3P()EKTHBHOCTb, KPOILIIEHUE ITOYBbI
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Abstract

Introduction. At present, the use of combined machines and aggregates makes it possible
to significantly reduce the time for tillage, while ensuring the required quality. Combining
operations in these machines also reduces the impact of adverse weather conditions on the
performance of technological processes. The use of combined machines makes it possible to
fully load large tractors, especially on the land plot of a small area, where working with wide
web units is difficult. The combination of technological operations is most advantageous for
intensive farming in fields free of weeds. Therefore, the development of technologies and
means of mechanization, which allow preparing soil with high quality and the least energy
and material costs, is an important task. The purpose of the study is to evaluate the efficiency
of a combined cultivator for surface tillage and improve the quality of its work.

Materials and Methods. Based on numerous studies and requirements for tillage machines
with elastic struts, a combined cultivator for surface tillage has been developed. To assess
the efficiency and study the cultivator performance, a multifactorial experiment of the first
order was conducted. Traction resistance of the cultivator section and soil crumbling (frac-
tion size from 0 to 25 mm) were taken as optimization parameters.

Results. The use of an experimental cultivator, in comparison with serial ones, allows
reducing the tractive resistance by 10-15%, and improving the quality of soil crumbling
by 5-6%.

Discussion and Conclusion. The conducted experimental studies have proved the develo-
ped combined cultivator to be effective. The use of this cultivator leads to a reduction in
energy consumption and improvement of the quality of tillage.

Keywords: tillage, spring rack, combined cultivator, traction resistance, rolling roller, ef-
fectiveness, soil crumbling
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Beenenne

B Hacrosimee Bpemsi mpu MpOU3BOJI-
CTBE CEJIbCKOXO3SIUCTBEHHOM  IMPOAYK-
oMM Ha O0OpabOTKYy IMOYBBI PACXOAYETCs
10 40 % osHepruu. CHIKEHHE pacxo/oB
SHEPTUU BO3MOXKHO Onarojapst yMeHb-
LICHUIO KOJHMYecTBa OOpPaOOTOK IOYBBI
U COBEPLICHCTBOBAHHIO MAapaMETPOB pa-
0ounx opranoB. OZHAKO NPH ITOM YBEJIH-
YMBAIOTCS 3aTpaTbl Ha OOpHOY ¢ COpHOM
PacTUTENBHOCTBIO XMMUYECKUM CIIOCO-
O0oM. YmpoieHne KOHCTPYKIIUA padOdIrx

540

OpraHoOB BC€ACT K CHWIXCHHUIO TATOBOI'O
COIPOTHUBIICHHUS arperaroB. JTo BJICYET 32
co0oil yxyiieHne kadectBa 00pabOTKH
nmouBel. C Jpyroil CTOPOHBI, YTOOBI IO-
BBICHTH Ka4eCTBO 00pabOTKH, HEOOXOIH-
MO JIOTIOJIHUTEIHHO WHTCHCU(PHUIINPOBATh
BO3/ICHICTBME HA TOYBY, YTO MPUBEICT
K POCTy dHepreTudeckux 3arpar [1-5].
IIpu 06paboTKe MOYBHI JTOJDKHEI BBI-
MOJTHATHCS CIIEAYIONIUE YCIOBHS: COXpa-
HEHUE U yilydileHHue (U3UKO-MEXaHH-
YECKUX CBOMNCTB IMOYBbI, YHHYTOKCHUC
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COPHOH PacTHTENLHOCTH, CO3AaHUE Hau-
Oosiee ONMaronpuSATHON cpenpl Ui pas-
MHOXKEHHSI M JKH3HEACATEIbHOCTH II0Y-
BEHHBIX MUKPOOPTIaHU3MOB, IPOPACTAHUS
CEMsIH, pa3BUTHsI pacTeHul [6—8].

B coBpemMeHHOM 3emienenuu OJHUM
U3 HaNpPaBJIEHUH CHUXEHUS TATOBOIO CO-
MPOTUBIICHUSI SBJSIETCSI COBMEIIICHUE TEX-
HOJIOTUYECKHX OIepaluii ¢ y4eToM To-
YBEHHO-KJIMMAaTHYCCKUX YCIOBUH 30HBI
MIPUMEHEHUSI U OCOOCHHOCTEH BO3JIEIIBI-
BAEMBbIX CEJILCKOXO3SHCTBEHHBIX KYIIBTYP.
CoBmernienue omepauuii B KOMOMHHPO-
BaHHBIX MalllMHaX M arperarax mo3BoJisieT
CHHM3HTB SHEPIo- U MaTepuajbHbIC 3aTpa-
TBI, @ TaKXXe 00eCHeYnTh BlarocOepekKe-
Hue [9; 10].

Jis agantanuu K pasiddHbIM YCIIO-
BUSIM W COCTOSHHSIM 00pabaThIiBaeMOTO
noJisi KOMOWHUPOBAHHBIA KYJIBTHBATOP
HEOOXOJIMMO OCHACTUTh TAaKUMH PabOyvH-
MU OpraHaMH ¥ MEXaHHW3MaMH, KOTOpbIE
obecrieyaT BBICOKYIO I(PQEKTUBHOCTH
BBITIOJTHEHUSI BCETO KOMIUIEKCA B3aUMHO
JOTOJHAIOIINX TEXHOJOTMYECKHX OIle-
pauuii. [losToMy nccrnenoBanusi, HarpaB-
JICHHBIE Ha Pa3pabOTKy COOTBETCTBYIO-
IIero MOoYBOOOPa0AaTHIBAIOIIETO OpPYyANSs,
OCTAIOTCSl aKTyaJbHBIMH M MMEIOT OO0JIb-
LI0€ 3HAYCHHE JUIsl arpONPOMBIIIIIEHHOTO
koMIuiekca Poccun.

Ilens wccrmenoBanmsi — OINEHUTH d(-
(EKTHBHOCTh KOMOWHHPOBAHHOTO KYJIb-
TUBATOpPa JJIsl IOBEPXHOCTHOH 00paboTKH
MIOYBHI U TIOBBICUTDH Ka4€CTBO €ro padoTHI.

O030p TuTEpaTYpPHI

KomOuHupoBaHHBIE  KYJIBTHBATOPHI
U arperarsl 0OOBIYHO BBITYCKAarOTCS B MO-
JYNPULETTHOM HCHOJIHEHUHM WM arperaru-
PYIOTCSI C DHEPreTHYECKHMMHU CpEACTBa-
MU. OCHOBHBIMH paOOYMMHU OpraHaMu
ABJSIFOTCSL  CTPEJIBYaThie, J10J0TO00pas3-
Hble Jlallbl W IPUKATBIBAIOIINE KaTKU.
JIONONHUTENFHO Ha pame KyJIbTHBaTOpa
YCTaHABIIMBAIOTCS BBIPABHUBAIOIINE JI0-
CKHM, OOecreunBarolue pa3OuBKY KOM-
KOB U BBIPaBHHMBaHHE MMOBEPXHOCTH TI0Y-
BBI, a TaKke cepuueckne AUCKU. Jlambl
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YCTaHABIMBAIOTCS Ha MPYKUHHBIX WU
JKECTKUX cTorKkax [11].

B uccnenoBaHusX yCTaHOBJIEHO, YTO
9KOHOMMYECKH BBITOIHBIMHU  SIBISIOTCS
04YBOOOpadaTHIBAIOIINE arperaTsl C Ipy-
JKUHHBIMUM cToMKamu. [IIupokoe mnpume-
HEHHE B KOHCTPYKLHMSAX KyJIbTHBATOPOB
W arperatroB HaIlUTH J[Ba THIIA PYKUHHBIX
croek: S-oOpasnast u C-oOpa3Hasi cToui-
KH. /laHHBIE CTOWKM OONAAaroT JIyUIIUMH
SHEPTETHYECKUMH M arpoTeXHUYECKHMHU
MOKa3aTeNsIMM, MEHBIIUM H3HOCOM Op-
TaHOB M BO3MOXKHOCTBIO pabOTHI Ha IO-
BBIIICHHBIX CKOPOCTSIX, YTO TNPHUBOIUT
K CAMOOYHCTKE OT COPHOM PacCTHUTENILHO-
cru [12-14].

OCHOBHBIMH HEIOCTATKaAMM IPY>KUH-
HBIX CTOEK SIBJISIETCS TO, 4TO padouue op-
raHbl U3-32 HEOJHOPOJHOCTH [I0OYBEHHOIO
CJI0S B TIpoIiecce padoThl OTKIOHSFOTCS OT
nepBOHavaIbHOTO Nookenust. [lpu yBe-
JMYSHUU yIia HaKJIOHA OpraHa K TOpH-
30HTY BO3pacTaeT TIrOBOE COIMPOTHBIIC-
HHE KyJIBTHBAaTOpa, 060p031000pa3oBaHue,
IrpeOHUCTOCTh U HEYCTOMYMBOCTH TITyOH-
HBI 00pabOTKH.

s npoOnenust Tibl0, YIUIOTHEHUS
Y BBIPAaBHUBAHMS IIOYBBI, Pa3pylICHUS
MOYBCHHON KOPKHM NPUMEHSIOT KaTKH.
[loBepxHOCTh PabOUYMX OPraHOB KATKOB
pa3HOoOOpa3Ha U HpenHa3HauYeHa Ul BbI-
MTOJTHEHUST MHOTO00Opa3HbIX QyHKmmiA. Ha
KaueCTBO BBIMOIHIEMOrO TEXHOJIOTHYe-
CKOTO TIpoliecca BIHSET KOHCTPYKIIHS,
TEOMETPUYECKUE Pa3Mepbl KaTKOB, KUHE-
MaTHYECKUE U TMHAMUYECKUE MapaMeTphl
uX paboThI, a TAKIKE COCTOSIHUE 00padaThI-
Baemoro arpodona. Hns sddexTuBHOrO
KPOLICHHS KOMKOB NPHUMEHSIOT IPYTKO-
BbIe KaTKH. [IpoqonbHO-IPYTKOBBIE KaTKU
CBapHOH KOHCTPYKLMU COOpaHbI B OHO-
PSLIHYIO CEKLMIO U C IOMOIIbIO PhIYAaroB
HPUCOEIUHSIOTCS. K paMe KyJIbTHUBATOPA.
[ITapHUPHO-NOANIPYKUHEHHOE  COEAMHE-
HHUE KaTKOB C paMol arperara ofOecredu-
BaeT KONHMPOBaHHWE MHKpopenbeda Ios
U TIpeIOXpaHsieT OT MOJIOMOK TIPH BCTpe-
4ye ¢ mpenarcTBusmMu. s obecrieyeHus
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KauecTBa BBIPABHUBAHUS IOBEPXHOCTHU
MOYBBI IPUMEHSIFOT CIIMPAICBUIHYIO (op-
My pacnoyiokeHus nmpyTkos' [15-19].
OnHako B COBPEMEHHBIX KOHCTPYKIIUSX
KOMOMHHPOBAHHBIX KYJIBTHBATOPOB OTCYT-
CTByeT aBTOMAaTHYECKOE PETYIHPOBAHUE
BEJIMIHMHBI TaBJICHUS PA0OUNX OPTraHOB KaT-
KOB Ha TTOYBY B 3aBHCHMOCTH OT €€ COCTOSI-
HUSL U (QPU3UKO-MEXaHUIECKUX CBOWCTB.
MarepuaJjibl U METOAbI
IIpykuHHYIO CTOHKY C MEXaHHU4e-
CKOM TOYKHU 3PEHHUS MOXKHO MPEICTaBUTH
B BHUJC MPYXHUHBI NBOSKOM KPUBU3HBI,
a ¢ TEOMETPUUECKON — KaK KPUBOJIMHEH-
HbIH cTepxens [20; 21].
CBOOOIHBIE W3rHOHBIE KOJIcOaHUS
MPYKAHHOW CTOWKH MOXKHO OITHCATh CIie-
JYIOIIUM YpaBHEHHUEM:

d*u(x, 1)

d*u(x, 1) d’u(x, t)
dx4 +m

k
dtdx* dr’

+h

=0, (1)

e u(x, £) — OTKJIOHEHHE MPY>KUHHOM CTOM-
KA OT IEPBOHAYAJIBHOTO TOJOKCHUS, M;
k — secTKOCTh cTOMKM, H/M; m — moronnas
Macca CTOWKH, Kr/M; i — Kod(hQUIHMEHT,
YYUTHIBAIOIINI BHYTPEHHEE TPEHUE.

J1s J)KECTKOTO 3aKperieH s TPy >KUH-
HOH CTOMKH K pamMe KyJbTUBaTOpa rpaHuy-
HBIC YCIOBHS UMEIOT CIICIYFOIIHIA BHI:

u,t)y =u(l,t) =0
dl _ du(x,t) -0 )
dx |1 dx |5t

)

-~

riae L — niauHa npy>KUHHON CTOMKH.
XKectkocTh CTOMKM £ M ee MOroHHAs
Macca m BBIYUCISIOTCA 110 popMynaM (3)
u (4).
KectkocTh Ha W3rHO TPYXKUHHOU
CTOMKH onpeneisiercs 1o popmyie:

2EJ sin f3,

2
pcos” B
i,

k= , (3)

2+ ucos’ B, + sin4ri,

rne E — wmomyns ympyrocru, Ila;

J = %(h2 +b%) — oceBoii MOMEHT HHEp-

UK CTOWKH, M*; | — yro HaKJIOHA, TPA/T;
i} — YMCJIO BUTKOB, IIT; i — KOAPDUITUCHT
Ilyaccona.

m:”'Scqu'll.l’ @)
L -cosp, g

rae D — quaMerp Npy>KuHbL, M; S, —
IUIOIIA/(h MOMEPEUHOTrO CeYCHHs, M%; y —
VIETbHBIM Bec Marepuana (IUNIOTHOCTh
CIIOXKEHHMS ), H/M®; g — YCKOpeHHe CBOOOI-
HOTO IaJIeHus, M/c.

BeimieniepedriciieHHbIE TapaMeTphl PhIX-
JUTENLHOTO pabouero oprana odecredn-
BAlOT YCTOHYMBOCTH XOla IO TIyOHHE,
WHTEHCHBHOCTh  KOJIEOATeNIbHOrO  TPO-
Hecca M BEPOSITHOCTH €r0 BBINTYOJICHUS
C Y4ETOM MMOYBEHHBIX YCIOBHH.

MakcumanbHasi TIIOTHOCTb TTOYBBI TIPH
YIUIOTHEHHH €€ IPYTKOM KaTKa JOCTUIaeTCsl
MpU €ro 3anTyOlIieHuH Ha TITyOWHY, PaBHYO
pamuycy npytka. [Ipu ganpHeieM ero 3a-
DTyOJICHAW TTPOMCXONUT YBEIMUYCHUE TITyOH-
HBI paclpOCTpaHEeHusI YIUTOTHEHUS [22-25].

Jlist onpeiesieHust pacCTOSTHUSI MEXKTY
LHEHTpaMU TIPYTKOB Karka / paccMOTpUM
cilydai, KoTna B IMOYBY BHEIPSIETCS TOJb-
KO OJTMH MPYTOK U [IIyOWHA €ro MOorpyxe-
HUSI paBHA €T0 PaNycCy 7.

W3 nmansbIX pucyHka | paccrosiHHe
MEXKIY LUEHTPaMHU MPYTKOB OMPEACISIETCS
0 BeIpaxeHuto [16]:

> =2R*> —2R*cos2a, (%)
rae R — paauyc KaTka, M; o — yToj 3arty-
OneHust MpyTKa KaTKa; rpaji.

3Has, uTo cos2a = 1 — 2sina?, nocie

npeoOpa3oBaHusl ypaBHEHHUS (5) MOTYUUM:

1={2r R. (6)

I ¥ — paguyc MpyTKa, M.

! TIpoeKTHPOBaHUE KATKOBBIX IPHCTABOK Ul MaxoTHbIX arperaroB. Pexomenmammu / . C. Kpyk

[u np.]. Munck. : BIATY, 2017. 104 c.
542
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Puc. 1. Cxema K onpenesieHuIo pacCTOSHUS
MEXXTy [EHTpaMU MPYTKOB

Fig. 1. Diagram for determining the distance
between the centers of the bars

C arporexHHYecKOll TOYKH 3pEHHUs
ABTOMAaTHYECKHE HM3MEHEHHS YKECTKOCTH
CTOWKH W CHJIbI JIABJICHUS KaTKa Ha ITOYBY
MO3BOJISIIOT TIOBBICUTH KauecTBO 00pa-
OOTKH TMOYBBI, YMEHBIIUTh MOTEPH TOY-
BEHHOH BJIaru, a TakKe CHH3HUTh 3aTPaThl
SHEPTUHU TIPH 00paOOTKE TTOYBHI TSHKEIOTO
MeXaHW4YecKoro cocrana. [Tpu mpoxosxkie-
HUH arperara 1o yIiIOTHEHHOMY y4acTKy

YBEJIUYMBAIOTCS JaBJICHUE KaTka Ha I0-
YBy M KECTKOCTh CTOWKH, M HA00OpOT,
MIPH TPOXOXKJCHUH arperara 1o PhIXJIO-
My YYacTKy JaBlIeHHE KaTka Ha IOYBY
M JKECTKOCTh YMEHBIIATCA. JTO TIPUBO-
JIUT K TIOBBIMICHUIO KadecTBa 00pabOTKH
mouBHI [26-31].

Ha ocHOBaHWM 3TOrO TpeIIOKeHa
1 pa3paboTaHa KOHCTPYKIIHSI KOMOUHUPO-
BaHHOTO KyJlbTHBaTOpa (puc. 2).

B KOHCTpPYKIINIO KOMOMHHPOBaHHOTO
KyJIBTHBaTOpa BBEICH MEXaHU3M peryIu-
poBaHHA 5 TIYyOMHBI XoAa pabouux Op-
raHoB &8, 3aKpPEIUICHHBIX Ha TPYKUHHBIX
CcTOMKax 6. MexaHu3M peryaupoBaHus S
IIAPHUPHO 3aKpEIUIeH C OAHON CTOPOHBI
K pame [/ KyIbTHBaTopa 4depe3 peryar 3,
a C IPYyroi — K perysasiTopy *eCcTKOCTH 4.

B mpomnecce paboTsl, B 3aBHCHMOCTH
OT cuJibl P, xoTopasi IeiCTByIO€T Ha pa-
Ooune opransl 8§ u ompeznensercs Qusm-
KO-MEXaHUYECKUMHU CBOMCTBAMH TOYBBI
Ha KOHKPETHOM y4acTKe MOJisl, CTOWKa 6
nepopmupyercsi. Curran ot jaedopmu-
pyeMoil cTOWKH MOCTYIaeT Ha clesiiee
3BEHO, KOTOpPOE, B 3aBHCHUMOCTH OT Be-
JUYMHBI CUTHAIIA, U3MEHSET IOJIOKEHHE
MeXaHu3Ma PEeryJlIMpOBaHUs J, YBEIHYH-
Bas WJIH CHW)XXas JKECTKOCTh CTOHKH 0.

#

Pwuc. 2. KoMOuHUpOBaHHEIH KyTbTHBATOp: 1 — pama; 2 — mouBo0OpadaThIBaIOIINIT KaTOK;
3 — pbruar; 4 — peryssaTop JKeCTKOCTH; 5 — MEXaHU3M PEryJaHpOoBaHus; 6 — IPYKUHHAsI CTOMKa;
7 — npyxwuHa; 8 — pabounii opran
Fig. 2. Combined cultivator: 1 — frame; 2 — tillage roller; 3 — lever; 4 — stiffness regulator;
5 — control mechanism; 6 — spring rack; 7 — spring; 8 — working body
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OnHOBpPEMEHHO NpPH M3MEHEHUHU IO0JIO-
JKEHUSI perynsaTopa 4 MeHsAeTcsl BO3JeH-
CTBHE Ha MPYXUHY 7, a OT pbryara 3 co-
OTBETCTBYIOIIlEE yCHIIME Tepenaercs Ha
MOJIBECKY KaTKa.

[Ipy>xuHa 7 B MeXaHU3ME BBICTYIIAET
KaK yIpyTHi 2JIEMEHT, OCHOBHBIM pabounM
CBOWCTBOM KOTOpPOTO SBJISIETCS CHOCO0-
HOCTh CYIIECTBEHHO Je(OPMUPOBATHCS
noji Harpy3koi. Kak npasuiio, 3ta nedop-
Marusl yrnpyras, ¥ ocjie CHATHsI Harpy3Ku
JIEMEHT BOCCTAHABJIMBAET CBOU pa3Mephl.

[Ipu nepemenieHny arperara o Moo
C I3MEHEHHUEM (POCTOM) TUTIOTHOCTH Y4acT-
Ka [IOYBBI PETYIISTOP KECTKOCTH 4 TIOBOPa-
YHBAETCS TI0 YaCOBOW CTpEJNKe, yBEIHUIH-
Basi KECTKOCTh CTOWKH 6, TPEOIONIeBacT
COTIPOTHUBIICHHUE TIPY>KUHBI 7 (CXKIMAET ee)
Y BO3/CMCTBYET Ha pblyar 3, KOTOPbIH Iie-
pemenaeTcs BHU3, YCHINBAs JaBJIcHUE Ha
katok. [Iporcxonut cTabumu3arus Tryon-
HBI X0Jla PadOYUX OpraHoB § HA MPYKUH-
HBIX CTOMKax 6, M yCUJIMBAETCs JaBJICHHUE
katka 2. Ilpoiins yruloTHEHHBIN y4acTOK
MOJIA, KECTKOCTh CTOMKH 6 aBTOMaTH4e-
CKM TIOHM)KAETCs, MEXaHM3M pa3KUMaeT
MIPY>KUHY, TTPOUCXOJUT CHUKCHUE JaBIie-
HUS KaTKa 2, a cTolka 6 ¢ pabo4nm opra-
HOM § TIpY YMEHBIIIEHUH YKECTKOCTH YBe-
JMYMBAECT aMIUIUTYQy KojeOaHWid. DTHM
o0OecrieynBaeTcsl TOBBIIICHHE KadecTBa

00paboTKM B 3aBUCHMOCTH OT IJIOTHOCTH
TTOYBBI.

C 1esbio TambHEeUIIero HecieIOBaHus
B3aMMOJICHCTBUS PBHIXJIANINX, TPOOSIIUX
W TIPUKaTHIBAIOMINX pPa0OYMX OpraHoOB
Ha TouyBy Ha 0aze MHCTHTyTa MEXaHHWKH
u s"epretukd MI'Y um. H. II. Orapéna
Obuta pazpaboTaHa 3KCIIEpUMEHTAbHAS
MOZIeTTh KOMOWHHUPOBAHHOTO —KYJIBTHBA-
Topa (cekuus KynbTHBaropa). JlaHHyio
MOZIeTb KYJIBTUBATOpa HMCIBITHIBAINA Ha
MMOYBECHHOM KaHalie KadeJpbl MOOUIIBHBIX
JHEPreTUYECKUX CPEICTB M CEJbCKOXO-
3sICTBEHHBIX MAIlTMH UMEHU mpodeccopa
A. U. JlemankuHa (puc. 3).

ITouBeHHBIH KaHAI 3aTIOTHEH JIETKOCY-
DIMHUACTOM MOYBOM BakHOCTH 17-21 %,
TBEPIOCTh TONICPKUBAIN TIOCTOSHHOM
Ha pa3nuaHoi TiyOmHe oOpaboTtkm. Ha
rryounne 4 cm TBeprocTs Obi1a 1,15 Mlla,
8 cm— 1,2 MIla, 12 cm — 1,25 MITa.

B kadyecTBe KpuTepusi ONTHMHU3AIUH
paccMaTpuBajd TITOBOE COIPOTHBIECHHUE
CEKIIUM KyJIBTUBATOPA U KPOIICHUE TIOYBBI
(pa3mep ¢paxmuit ot 0 10 25 Mm). C uc-
MOJIh30BAHMEM  METOJMKH  allpUOPHOTO
paHKUPOBaHUs OBLIN OTIPEJIeNICHBI CIIey-
forre (paKTophl, OKa3bIBAIOIINE HANOOIb-
1ee BIUSHUE HA KPUTEPUH ONTHMHU3AIIH:
CKOPOCTh KyJBTHUBATOpa, TIyOMHA OOpa-
OOTKM 1 TaBJIeHNE KaTKa Ha TIOYBY.

Puc. 3. JlJaboparopHast yCTaHOBKA IO UCITBITAHUIO KYJIBTHBATOPA
Fig. 3. Laboratory installation for testing the cultivator
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TaroBoe ycuine Ha MepeMelleHne
CEKLIMN KyJIBTUBATOpa 3aMEPSIIU C MOMO-
b0 TATOBOTO 3BEHA, MOAKIIOYEHHOTO
K KoMITbroTepy uepe3 komruiekc ZETlab.

Pe3ysbTarsl necsenoBaHus

st omeHkn >(GGHEKTUBHOCTH W H3-
yueHMs IOoKazaTeled paboTbl KyJIbTHBA-
Topa OBLI TIPOBEIEH MHOTO(AKTOPHBIH
SKCHEPUMEHT TEPBOTo MOopsaKa. JKCIe-
pPUMEHTAJIbHBIE HCCIIEOBAHUS CEKIHH
KyJIBTHBATOPa MPOBOAMIN C BHEAPEHUEM
B €€ KOHCTPYKIIMIO MEXaHu3Ma peryiu-
poBaHust 5 (puc. 2) >KECTKOCTH CTOHKH
W JaBICHMS KaTka Ha MOYBy U Oe3 Hero
(cepmiiHast cekuusi KynsTuBaropa). Pe-
3yJBTaThl 3KCIIEPUMEHTANBHBIX HCCIEI0-
BaHWH CEKLIUH KyJIbTHBATOPA IIPECTABIIE-
HbI Ha pUCYHKax 4 u 5.

N3 nomydyeHHON 3aBUCUMOCTH CIIEy-
€T, 4TO MpH YBEIMYEHUH TIIyOWHBI 00pa-
OOTKH TATOBOE COIIPOTUBIIEHUE BO3paCTa-
er. OnHako MPUMEHEHHE B KOHCTPYKIHH
MOJIENIM KyJBTHBAaTOpa MEXaHM3Ma pery-
JUPOBaHMUS MPUBOAUT K CHUKEHHUIO €ro
TATOBOTO CONPOTHUBIIEHUS MO CPaBHEHHIO
C CepUMHBIM. DTO CBA3aHO C yMEHbIIe-
HUEM pabodell AJMHBI YNPYrOM CTOHKH.

2500
2250
e
5z 2000
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= 2
é? 5 1500
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B cBsi3M ¢ 3TUM yBenTMUMBAETCS €€ JKeCT-
KOCTb, @ YToJl HakjoHa paboyero opraHa
(cTpenbuaToil Jambl, 3aKpeIUICHHOM Ha
CTOIKE) K TOPU30HTY YMEHBIIACTCH.

Kak BugHO Ha puUCyHKe 5, KpoLleHUE
MOYBEI TIpHU €€ 00paboTKe IKCIEPUMEH-
TaJbHBIM KyJIBTHBaTOPOM BBIIIE IO CPAB-
HEHUIO C CEPHMHBIM. DTO OCTHUTAeTCS
Onmaromaps yBETWYEHHUIO JABICHUS TPH-
KaTBIBAIOLIEro KaTka Ha mouBy. OpmHaKo
C yBeJIMUEHHEM IITyOHHBI 00padOTKH Kpo-
IIEHHE TIOYBBI TOHUKAETCH.

O0cy:x1eHue U 3aKJII04eHne

Hcnonb3oBanue pa3paboTaHHONW MO-
JeNd  KyJAbTUBAaTOpa (CEKUMU KYyJIbTUBA-
TOpa) MPUBOIUT K CHIXKEHHIO TATOBOIO
conporusienns Ha 10-15 % u x ymydme-
HHUIO KPOLICHHUS IIOYBBI. DTO BO3MOXHO
Onaromaps BHEAPCHHMIO B KOHCTPYKLIUIO
KyJbTHBaTOpa MeXaHWU3Ma peryaupoBa-
HUs. B mpomecce paGoThl Ha TBEPHABIX
y4YacTKax IIOJIsi yroJ HakioHa pabodmx
OpraHoB (CTPENBYATHIX JIal) K TOPU30HTY
HE YBEJINYMBAETCS, & JOMOJHUTEIBHOE
NPUIOKEHHOE YCWIIME K KarKy CcrocoO-
CTBYEeT pa3pyLICHHIO 00pa30BaBIINXCS
OOJIBIIMX KOMKOB TIOYBBI.

—x—2

9 11 13

I'mybuna o6pabotku, M / Processing depth, m

Pwuc. 4. M3MeHeHHE TATOBOTO CONPOTHUBIICHUS OT ITyOUHBI 00pabOTKH (CKOpOCTh 12 KM/4):
1 — sKCTIepUMEHTaNIbHBIN KyJIBTUBATOD; 2 — CEPUHHBIN KyIbTUBATOP

Fig. 4. Change in tractive resistance caused by the tillage depth (speed 12 km/ h):
1 — experimental cultivator; 2 — serial cultivator
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Puc. 5. 3aBuCHMOCTD KpOLICHHS TTOYBHI OT ITyOHHBI 00pabOTKU (CKOPOCTh 12 KM/4):
1 — oKCTIepUMEHTAJIBHBIN KYJIBTUBATOP; 2 — CEPUIHHBII KyJIETHBATOP

Fig. 5. Dependence of soil crumbling on the tillage depth (speed 12 km/h):
1 — experimental cultivator; 2 — serial cultivator

ITonmyyeHHbIE MOJOKUTENbHBIE pe-
3yAbTaTbl NpU J1a00PaTOPHBIX HCIIBI-
TaHHUAX SBISAIOTCS NPEANOCHIIKOW ISt
JajpHeimend paboTsl Mo 000CHOBaHUIO
KOHCTPYKTUBHO-TEXHOJOTHYECKUX TMa-

paMeTpoB U PEXKHUMOB pPabOTHl KOM-
OMHMPOBAHHOTO  KYJIbTHUBaTOpa IS
MOBEPXHOCTHON 00pabOTKH € mocie-
IYIOUIMMH HCIBITAHUSIMU B TOJIEBBIX
YCIOBHSIX.
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Bce asmopul npouumanu u 0006punu oOKoHUAMENbHLLI BAPUAHIN PYKORUCU.

REFERENCES

1. Abdurakhmonov U.N. Tools For Surface Tillage. Nauka, tekhnika i obrazovanie.
2021;(7):15-19. Available at: https://elibrary.ru/item.asp?id=47396150 (accessed 01.09.2022).
(In Russ., abstract in Eng.)

2. Martynov LS., Shaprov M.N. Working Body for Surface Tillage. Selskiy mekhanizator. 2021;
(6):40. Available at: https://elibrary.ru/item.asp?id=46454592 (accessed 01.09.2022). (In Russ., abstract
in Eng.)

3. Nishonov B.M. Theoretical Basis of Rotary Cutter for Surface Treatment. Tochnaya nauka.
2021;(114):8-14. Available at: https://elibrary.ru/item.asp?id=47152008 (accessed 01.09.2022). (In Russ.,
abstract in Eng.)

4. Fedorov S.E., Zhalnin A.A., Zhalnin N.A., Polunkin A.A. Improving the Quality of Surface Till-
age. Herald of Ryazan State Agrotechnological University Named after P.A. Kostychev. 2020;(4):121-127.
(In Russ., abstract in Eng.) doi: https://doi.org/10.36508/RSATU.2020.48.4.017

5. Kapustin S.I. Justification of Field Crop Technology. Agricultural Journal. 2019;(2):12—-19.
Available at: https://www.elibrary.ru/item.asp?id=40082006 (accessed 01.09.2022). (In Russ., ab-
stract in Eng.)

6. Kokoshin S.N., Cherentsov D.A., Tashlanov V.I. Application of Rigidity Regulator in Structures of
Cultivators. Agricultural Bulletin of Stavropol Region. 2020;(2-3):4-9. Available at: https://www.elibrary.
ru/item.asp?id=44175815 (accessed 01.09.2022). (In Russ., abstract in Eng.)

7. Fedorov S.Ye., Zhalnin A.A. Ways to Change the Stiffness of Elastic S-Shaped Stands in
Cultivators. Nauchnoe obozrenie. Mezhdunarodnyy nauchno-prakticheskiy zhurnal. 2020;(2). Avai-
lable at: https://www.celibrary.ru/item.asp?id=42955151 (accessed 01.09.2022). (In Russ., abstract
in Eng.)

8. Skoblo T., Rybalko I., Tihonov A., Maltsev T. Evaluation of the Stress State of a Cultivator Blade
in Production and Operation. Research in Agricultural Engineering. 2020;66(2):60—65. doi: https://doi.
org/10.17221/8/2020-RAE

9. Khudoyberdiev T.S., Kholdarov M.Sh. Sectional Cultivator for Processing between Rows-to De-
velop a Design of a Deep Softener. Theoretical & Applied Science. 2022;(3):301-305. doi: https://doi.
org/10.15863/TAS.2022.03.107.16

10. Efremova V.N. Features of Soil Treatment by a Multi-Legal Plug. Collogquium-Jour-
nal. 2019;(2-2):38-39. Available at: https://www.elibrary.ru/item.asp?id=36850831 (accessed
01.09.2022).

11. Starovoytov S.I., Akhalaya B.H., Sidorov S.A., Mironova A.V. The Trend of Tillage Equipment
Development. AMA, Agricultural Mechanization in Asia, Africa and Latin America. 2020;51(3):77-81.
Available at: https://www.elibrary.ru/item.asp?id=45032510 (accessed 01.09.2022).

12. Startsev S., Boykov V., Pavlov A., Bashmakov I. Combined Technology of Basic Tillage for
Dry Farming Zone Conditions. Journal of Agriculture and Environment. 2019;(4):10—14. doi: https://doi.
org/10.23649/jac.2019.4.12.3

13. Pelech L. Formation of Productivity of Winter Wheat Crops Depending on Agrotechnical
Methods of Tillage. The Scientific Heritage. 2021;(62):5-8. doi: https://doi.org/10.24412/9215-0365-
2021-62-1-5-8

14. Aliyev I.H., Aliyev Z.H. On Evaluating the Effect of Soil Treatment and Fertilizer on the Cultiva-
tion of Grain Crops. Natural Resources of the Earth and Environmental Protection. 2020;1(3):4-8. doi:
https://doi.org/10.26787/nydha-2713-203X-2020-1-3-4-8

Technologies, machinery and equipment 549


https://elibrary.ru/item.asp?id=47396150 
https://elibrary.ru/item.asp?id=46454592 
https://elibrary.ru/item.asp?id=47152008 
https://doi.org/10.36508/RSATU.2020.48.4.017
https://www.elibrary.ru/item.asp?id=40082006
https://www.elibrary.ru/item.asp?id=44175815
https://www.elibrary.ru/item.asp?id=44175815
http://S.Ye
https://www.elibrary.ru/item.asp?id=42955151 
https://doi.org/10.17221/8/2020-RAE
https://doi.org/10.17221/8/2020-RAE
http://M.Sh
https://doi.org/10.15863/TAS.2022.03.107.16
https://doi.org/10.15863/TAS.2022.03.107.16
https://www.elibrary.ru/item.asp?id=36850831
https://www.elibrary.ru/item.asp?id=45032510 
https://doi.org/10.23649/jae.2019.4.12.3
https://doi.org/10.23649/jae.2019.4.12.3
https://doi.org/10.24412/9215-0365-2021-62-1-5-8
https://doi.org/10.24412/9215-0365-2021-62-1-5-8
https://doi.org/10.26787/nydha-2713-203X-2020-1-3-4-8

I/IH}KEHEPHblE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 4. 2022

15. Seitkaziev A.S., Salybaev S.Zh., Elemesov Zh. Methods for Improving Soil Treatment on
Degraded Lands. Theoretical & Applied Science. 2020;(6):257-260. doi: https://doi.org/10.15863/
TAS.2020.06.86.51

16. Dobrinov A.V., Dzhabborov N.I., Chugunov S.V. Comparative Assessment of the Efficiency of
Working Parts for Soil Treatment and Destruction of Weeds. Proceedings of Lower Volga Agro-University
Complex: Science And Higher Education. 2022;(2):465—480. Available at: https://www.elibrary.ru/item.
asp?1d=49222449 (accessed 01.09.2022). (In Russ., abstract in Eng.)

17. Mamatozhiev Sh.l., Mirzaeva M.A., Shokirova G.N. Influence of Seeding Treatment
Technology on Moisture Content in Soil. Universum: tekhnicheskie nauki. 2021;(6-3):46-49.
Available at: https://www.elibrary.ru/item.asp?id=46311803 (accessed 01.09.2022). (In Russ.,
abstract in Eng.)

18. Kambulov S.I., Bozhko 1.V. Aggregate for Combined Treatment of Soil APK-4. Agrarian
Scientific Journal. 2020;(9):78-82. (In Russ., abstract in Eng.) doi: https://doi.org/10.28983/asj.
y2020i9pp78-82

19. Savel’jev Y.A., Dobrynin Y.M. Study of the Process of Combined Tillage Tools. Nauchnaya
mysl. 2018;(5):40—47. Available at: https://www.elibrary.ru/item.asp?id=39841923 (accessed 01.09.2022).
(In Russ., abstract in Eng.)

20. Li S., Hu M., Shi J., Tian X. Improving Long-Term Crop Productivity and Soil Quality through
Integrated Straw-Return and Tillage Strategies. Agronomy Journal. 2022;114(2):1500-1511. doi: https:/
doi.org/10.1002/agj2.20831

21. Parhomenko G.G. Implementation of Nature-Like Technologies in the Development of New
Working Bodies for Tillage in Arid Conditions. Tractors and Agricultural Machinery. 2019;86(6):65-73.
(In Russ., abstract in Eng.) doi: https://doi.org/10.31992/0321-4443-2019-6-65-73

22. Abdusalim T., Gafurovich A.K., Nakibbekovich B.S. Determining the Appropriate Values of
Compactor Paramaters of the Enhanced Harrow Leveler. Civil Engineering and Architecture. 2020;
8(3):218-223. doi: https://doi.org/10.13189/cea.2020.080304

23. Semenova G.A., Dzhabborov N.I. Justification of Design Parameters of Dynamic Soil-Cultivating
Working Bodies. Innovatsii v selskom khozyaystve. 2018;(3):501-507. Available at: https://www.elibrary.
ru/item.asp?id=36314221 (accessed 01.09.2022). (In Russ., abstract in Eng.)

24. Nasiyev B., Vassilina T., Zhylkybay A., et al. Physicochemical and Biological Indicators
of Soils in an Organic Farming System. The Scientific World Journal. 2021;2021. doi: https://doi.
org/10.1155/2021/9970957

25. Horton P., Long S.P., Smith P., et al. Technologies to Deliver Food and Climate Security
through Agriculture. Nature Plants. 2021;7(3):250-255. doi: https://doi.org/10.1038/s41477-021-
00877-2

26. Melnikova O.V., Torikov V.E., Repnikova V.I., Melnikov D.M. Principles of Resource-Saving
Technologies of Grain Crops Cultivation in the Conditions of the South-West of the Central Region of Rus-
sia. Vestnik Bryanskoy gosudarstvennoy selskokhozyaystvennoy akademii. 2022;(2):3-8. (In Russ., abstract
in Eng.) doi: https://doi.org/10.52691/2500-2651-2022-90-2-3-8

27. Shkarubo S.N. Growing Grain Crops in Russia: Historical Context. Agrarian History. 2022;
(10):20-26. doi: https://doi.org/10.52270/27132447 2022 10 20

28. Kalimbetov B.Y., Orymbetova G.E., Tukhtakuziyev A., et al. Study of the Process of Move-
ment Stability of Mounted Cultivator Working Bodies on Combined Inter-Tillage of Vegetable Crops.
Eurasian Journal of BioSciences. 2020;14(1):1281-1286. Available at: https://www.clibrary.ru/item.
asp?id=45346790 (accessed 01.09.2022).

29. Ozhegov N.M., Ruzhyev V.A., Krishtanov E.A., Dzibuk I.S. Competitive Model of Combined
Tillage Unit. Agricultural Bulletin of Stavropol Region. 2018;(1):18-22. Available at: https://www.elibrary.
ru/item.asp?id=34900734 (accessed 01.09.2022).

30. Fedorov S.E. Application of Differentiated Tillage. Traktory i selkhozmashiny.2018;(2):78-82.
Available at: https://www.clibrary.ru/item.asp?id=32877782 (accessed 01.09.2022). (In Russ., ab-
stract in Eng.)

550 Texnono2uu, mawunsl u 060py006aHiie


http://S.Zh
https://doi.org/10.15863/TAS.2020.06.86.51
https://doi.org/10.15863/TAS.2020.06.86.51
https://www.elibrary.ru/item.asp?id=49222449
https://www.elibrary.ru/item.asp?id=49222449
https://www.elibrary.ru/item.asp?id=46311803 
https://doi.org/10.28983/asj.y2020i9pp78-82
https://doi.org/10.28983/asj.y2020i9pp78-82
https://www.elibrary.ru/item.asp?id=39841923
https://doi.org/10.1002/agj2.20831
https://doi.org/10.1002/agj2.20831
https://doi.org/10.31992/0321-4443-2019-6-65-73
https://doi.org/10.13189/cea.2020.080304
https://www.elibrary.ru/item.asp?id=36314221
https://www.elibrary.ru/item.asp?id=36314221
https://doi.org/10.1155/2021/9970957
https://doi.org/10.1155/2021/9970957
https://doi.org/10.1038/s41477-021-00877-2
https://doi.org/10.1038/s41477-021-00877-2
https://doi.org/10.52691/2500-2651-2022-90-2-3-8
https://doi.org/10.52270/27132447_2022_10_20
https://www.elibrary.ru/item.asp?id=45346790 
https://www.elibrary.ru/item.asp?id=45346790 
https://www.elibrary.ru/item.asp?id=34900734 
https://www.elibrary.ru/item.asp?id=34900734 
https://www.elibrary.ru/item.asp?id=32877782

Vol. 32, no. 4. 2022 ENGINEERING TECHNOLOGIES AND SYSTEMS '

31. Belov M.I. Evaluation of Energy Requirement of Tillage with a Rotary Tiller. Journal of
Advanced Research in Technical Science. 2022;(28):87-93. doi: https://doi.org/10.26160/2474-5901-
2022-28-87-93

Submitted 26.09.2022; approved after reviewing 22.10.2022; accepted for publication 05.11.2022

About the authors:

Mikhail N. Chatkin, Professor of the Leshchankin Chair of Mobile Power Tools and Agricultu-
ral Machinery, National Research Mordovia State University (68 Bolshevistskaya St., Saransk 430005,
Russian Federation), Dr.Sci. (Engr.), ORCID: https://orcid.org/0000-0002-3758-7066, Researcher ID:
0-7004-2018, chatkinm@yandex.ru

Sergey Ye. Fedorov, Associate Professor of the Leshchankin Chair of Mobile Power Tools and Ag-
ricultural Machinery, National Research Mordovia State University (68 Bolshevistskaya St., Saransk
430005, Russian Federation), Cand.Sci. (Engr.), ORCID: https://orcid.org/0000-0002-7784-1946, Resear-
cher ID: GSD-7587-2022, seregafedorov1989@mail.ru

Aleksey A. Zhalnin, Lecturer of the Leshchankin Chair of Mobile Power Tools and Agricultural
Machinery, National Research Mordovia State University (68 Bolshevistskaya St., Saransk 430005, Rus-
sian Federation), ORCID: https://orcid.org/0000-0002-0719-9492, Researcher ID: GSE-3853-2022, alek-
seisxm@yandex.ru

Maksim V. Bychkov, Postgraduate Student of the Leshchankin Chair of Mobile Power Tools and
Agricultural Machinery, National Research Mordovia State University (68 Bolshevistskaya St., Saransk
430005, Russian Federation), ORCID: https://orcid.org/0000-0003-0521-3294, Researcher ID: GSI-5982-
2022, maxim95a@rambler.ru

Contribution of the authors:

M. N. Chatkin — scientific guidance, analysis and revision of the text.

S. Ye. Fedorov — preparing the text with subsequent revision, analyzingf literature.
A. A. Zhalnin — analyzing literature and patents.

M. V. Bychkov — conducting laboratory tests.

All authors have read and approved the final manuscript.

W
W
by

Technologies, machinery and equipment


https://doi.org/10.26160/2474-5901-2022-28-87-93
https://doi.org/10.26160/2474-5901-2022-28-87-93
https://orcid.org/0000-0002-3758-7066
https://www.webofscience.com/wos/author/rid/O-7004-2018
mailto:chatkinm@yandex.ru
https://orcid.org/0000-0002-7784-1946
https://www.webofscience.com/wos/author/rid/GSD-7587-2022
mailto:seregafedorov1989@mail.ru
https://orcid.org/0000-0002-0719-9492
https://www.webofscience.com/wos/author/rid/GSE-3853-2022
mailto:alekseisxm@yandex.ru
mailto:alekseisxm@yandex.ru
https://orcid.org/0000-0003-0521-3294
https://www.webofscience.com/wos/author/rid/GSI-5982- 2022
https://www.webofscience.com/wos/author/rid/GSI-5982- 2022
mailto:maxim95a@rambler.ru

