A2pOoUuHXeHepus U nuujesble mexHosioauu HayuHoe obecrieueHue AlK

Hayunas crates

YK 631.372

EDN UVRPGT
https://doi.org/10.22450/1999-6837-2024-18-4-130-135

TeopeTnueckne NpeANOCHIIKH K ONpeeIeHUIO
CONPOTHUBJIEHUS MOYBBI BO3eHCTBHIO AepopMmaTopa

Cepreii Asnexcanaposu4 llumuios!, Anexcanap Hukonaesuy Hlunuios?,
JOmutpuii Cepreesuu Hlnmnos?

123 TIpMOpCKUii TOCYAapCTBEHHBIN arpapHO-TEXHOJIOTUYCCKUI YHUBEPCUTET
[Ipumopckuit kpaii, Y ccypuiick, Poccus

'sergey_a_shishlov@mail.ru

Annomayus. llpoBeneHre arpoTeXHUIECKUX ONEPAINi HA pa3IMYHBIX arpogoHax U mepe-
BO3Ka I'Py30B CEJIbCKOXO3IMCTBEHHOIO HA3HAYECHM 110 IOJISIM M IIOJIEBBIM JI0pPOraM COIIPOBOXKIA-
I0TCSl BO3ZCHCTBUEM HA IOYBEHHBIM IIOKPOB KOJIECHBIX U I'YCEHUUYHBIX JBH)KUTEIIEH TPAKTOPOB,
KOMOAMHOB, MPUIETIOB U APYTUX TEXHUUYECKHUX CPEICTB, IPUHUMAIOIIMX YyYAaCTHE B TEXHOJIOIH-
YECKOM TIPOLIECCe BO3/ENbIBAaHUA U YOOPKH CEIbCKOXO3HCTBEHHBIX KyJIbTYp. B3aumoneiicTue
JBIDKUTEINEH ¢ MOYBOH 00yCIOBIMBAET €€ Ae(OpPMaIli0 KOHTAKTUPYIOIUMHI Pa00OYNMHU SJIeMEH-
TaMM JBUKUTEJIECH, YTO B 3HAYUTEIILHON MEPE BIIUSAET HA CONPOTUBIICHUE NEPEIABUKCHUIO CEJlb-
CKOXO3SICTBEHHOTO arperara. J{Jsi OleHKH CIOCOOHOCTH MOYBBI COMPOTHBIATHCS edopManuu
MIPEMIOKEH PsJl 3aBUCUMOCTEH, B OCHOBY KOTOPBIX ITOJIOKEHA 3aKOHOMEPHOCTH, OLICHUBAIOLIAs
BEJIMYHMHY Jie(hopMaliy OUBHI OT MPHJIOKEHHOM HArpy3KH MPU BAABIMBAHUY B HEE ILITAMIIA pa3-
JTUYHBIX pa3MepoB. Ha nedopmariyro moyBs! mpu BO3ACHCTBUH HA HEE IBUKUTEINS UMEET BIUSHHUE
LEJNbIA psii (HaKTOPOB: TUM MOYBKI, TOJIIMHA IJIOAOPOIHOTO CIIOS, HANWYHE OO0 OTCYTCTBHE Tie-
PEIUIETEeHHOTO KOPHEBOM CUCTEMOW PAaCTeHUI IEPHOBOTO CIIOSI, HATUYHME TUOO OTCYTCTBUE TUIOT-
HOT'O IJIMHUCTOTO IOANAXOTHOTO OCHOBAHUS, BJIAXKHOCTBH IOYBBI, €€ CTPYKTYpHOCTb U Ap. Ilpu
OLIEHKE CIIOCOOHOCTH TMOUBBI Je(OPMHUPOBATHCS 1M0J] HArpy3KOi, 00YyCIOBICHHON MOTpy>KEHHEM
B HEE JIBIDKUTENICH CEThCKOXO3SHCTBEHHOW TEXHHKH, CIIOKHO yUECTh BIUSHHUE BCEX (PaKTOPOB,
MIPUHUMAIOIIMX y4acTue B 3TOM Ipouecce. OHAKO MPEACTABIAETCS BO3MOKHON OLIEHKA HaIpsi-
’KEHHOTO COCTOSIHUS TTOUBBI TP BHEIPEHUH B HEe 1e(popMaTopoB MyTeM aHalIu3a HEKOTOPBIX T10-
Kazaresnei, M3MEHSIOMXCSl 0 Mepe yBeIHueHHs] TIyOuHBI BHEApPEHHUs aedopMaropa, a Takxke
aHaJIM3a UHTEHCUBHOCTHU U3MEHEHUS ITUX ITOKa3areaed. B 1aHHOMU cTaThe NpeAIpUHATA IIOBITKA
MIOJIyYE€HUS 3aBUCUMOCTH, BCECTOPOHHE OTPAXKAIOILEH BIUSHUE ITOYBEHHBIX YCIOBUHM Ha COIpPO-
TUBJICHUE BAABIMBAHUIO ABUKUTEIS, & TAK)KE IIPUBEICHBI HEKOTOPBIE PE3YJIBTaThl UCCIIEIOBAHNM,
HarpaBJIEHHBIX Ha pa3pabOTKy TaKoi 3aBUCUMOCTH.
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Abstract. Carrying out agrotechnical operations at various agrofons and transporting ag-
ricultural goods across fields and field roads is accompanied by the impact on the soil cover of
wheeled and tracked tractors, combines, trailers and other technical means involved in the techno-
logical process of cultivation and harvesting of crops. The interaction of the movers with the soil is
accompanied by its deformation by the contacting working elements of the movers, which signifi-
cantly affects the resistance to movement of the agricultural unit. To assess the ability of the soil to
resist deformation, a number of dependencies are proposed, based on a pattern that estimates the
amount of soil deformation from the applied load when a stamp of various sizes is pressed into it.
A number of factors influence the deformation of the soil when exposed to a mover: the type of
soil, the thickness of the fertile layer, the presence or absence of a turf layer intertwined with the
root system of plants, the presence or absence of a dense clay sub-arable base, soil moisture, its
structure, other factors. When assessing the ability of the soil to deform under the load caused by
the immersion of agricultural machinery movers into it, it is difficult to take into account the influ-
ence of all factors involved in this process. However, it seems possible to assess the stress state of
the soil during the introduction of deformers into it by analyzing some indicators that change as the
depth of the introduction of the deformer increases, as well as analyzing the intensity of changes
in these indicators. This article attempts to obtain a dependence that comprehensively reflects the
influence of soil conditions on the resistance to indentation of the movers and also provides some
results of research aimed at developing such a dependence.
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BBenenune. [louBeHHBIE YCIIOBUSI OKa-
3bIBAIOT CYLIECTBEHHOE BIIMSHHUE Ha PaldoTy
JBUKUTENEH MallliH PU BBITTOJIHEHUH arpo-
TexHuueckux onepauuii [1, 2]. Conporune-
HUE, BO3HMKAIOIIEe MPHU BIABIMBAHUHU J[BU-
KUTEJS B MOYBY, CYIIECTBEHHO OTIMYAETCS
Ha pa3IMYHbIX TUIAX [10YB B 3aBUCUMOCTHU OT
UX Hecylleil CHOCOOHOCTH, a TaKkKe U3MEHs-
€TCsl B 3aBUCUMOCTH OT TIyOMHBI BHEIPEHUS
IBrKuTens [3].

IMenanblo MccaenoBaAHUM sA61s5emcs no-
JIyuenue 3a8UucUmMocmu, 6CeCmoponHe ompa-
Jcaroweli luUsIHUe NOYGEHHLIX VCI08UU HA
conpomuenenue 60AGIUBAHUIO OBUNCUME]IL.

B kxauecTBe METOHOJIOTUYECKOU OCHO-
BbI HpOBGIIeHHbIX I/ICCJIeI[OBaHI/Iﬁ HNCITIOJIB30-
BAJIUCHh ITOJOXKCHHUA M 3aKOHBI MaTcMaTHU4ycC-
CKOTO aHanm3a, (GU3MKH U TEOPETHUYECKOM
MCXAHUKU.

PesynbTaThl HCCIeq0BaHUH U UX 00-
cy:KIeHue. B arpomnpoMBIIUIEHHOM IIPOU3-
BOJICTBE BBIIIOJIHEHUE PA3JIMYHBIX TEXHOJIO-
THYECKUX OIlepaluil arperaraMy, B COCTaBe
KOTOPBIX UMEIOTCS KOJIECHBIE WM T'yCEHUY-
HBIE DHEPreTUYECKHE CpEeICTBA, IOApasy-
MEBACT KOHTAKT UX JBWXKUTEIIEH C II0YBOM.
HNmeromuecs B HacToslee BpeMs pe3yibTa-
Thl TEOPETHYECKUX U DJKCIEPUMEHTAIBHBIX
HCCIIEIOBAHUHN COIPOTUBIICHUS IEPEABUKE-
HUIO MAILIMH HA PAa3JIMYHbIX THUIIAX I0YB OIIU-
CBIBAIOTCS PAIOM 3aBUCUMOCTEH, HE UMEIO-

[IMX YHUBEPCAJIbHOCTHU. B X OCHOBE JEKUT
3aBHUCUMOCTH JieopMaluu MOYBbl OT BEJU-
YUHBI HATPY3KH, IPUIIOKEHHOM K BAaBIIMBae-
MOMY B IOYBY IITammy [4].

Haubosnee mmpoko pacnpocTpaHeHHbBI-
MU SIBJISIFOTCS] 3aBUCUMOCTH, MPEI0KEHHbIE
E. J1. JIeBoBbIM (1), M. H. JleromueBsivm (2),
B. B. I'ycekoBbm (3), M. I'. Bekkepom (4):

o = ch, ¢))
o = ch*, 2)
k
0 = poth—h, 3)
7 Po
a=(f+a¢)h“ )

B mpuBeaeHHBIX 3aBUCHUMOCTSX Mapa-
METPHI C, i, O, O, P,» kK XapaKTepU3yIoT CO-
CTOSIHUE TOYBHI. ﬁpI/I 3TOM h — riyOHMHA TO-
Tpy’KEHHs ITaMIIa B TIOYBY; ¢ — HAIIPSDKEHHUE
B nouse. Kaxias 13 npuBeACHHbIX 3aBUCH-
MOCTEW CIpaBe/IMBa TOJBKO IMPH OmIpeje-
JICHHBIX JIOMYIICHUSX U OTPaHIMYCHHSIX.

A. B. KnumanoBeim u C. M. [lepesoit
NpeUIo’KeHa 3aBHUCHMOCTB, YUYHUTHIBAIOIIAs
HaJIMYMe TUIOTHOTO MOANAXOTHOTO ¢Jos [5],
XapaKTepHOTO JIJIsi TIOYBCHHBIX YCJIOBUUN
[Ipumopckoro kpast [6], umeromiast BU:

kD
g = Ch“oiT (5)
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rae D — nuamerp mramiia;
S — riryObuHa 3ajeranus IIOTHOTO MO/a-
XOTHOTI'O CJIOS.

VYuurteiBas TOT (akT, 4TO Ha BCEX OC-
HOBHBIX THIIAX II0YB CEJIbCKOXO3SHCTBEH-
HOTO HA3HAYCHHUS MEXy HAMpPsDKCHUEM H
BEJIMYMHON OCAJK{ IITaMIla CYIIECTBYET
HEJIMHCWHAs 3aBUCUMOCTh, BOCIIOJIb3yEeM-
csi TpaMKOM, OTPAXKAIOIIMM B3aHMMOCBS3b
MEXy TJyOMHOH BHEAPEHUS ITaMIia /1 u
HAIPSDKCHUEM 0, BOSHUKAIOIIUM IIPH STOM B
nouse [7] (puc. 1).

Ha yuactke 0—1 (puc. 1) mpoucxoaut
BHE/IPCHHE INITaMIIa B TIOYBY, COMPOBOXKIA-
olieecss pocToM HampspkeHus. [Ipu 3Tom Ha
MOYBE C JICPHOBBIM TIOKPOBOM HAIPSHKEHHE
BO3pacTacT MHTCHCHBHEE BBUIY €€ Ooiee
BBICOKOW HECYIIEH CIIOCOOHOCTH TI0 CpaBHE-
HUIO C MTOYBOM O€3 IEPHOBOTO MOKPOBA.

[Tocne mpopsiBa JIEPHOBOTO IMOKPOBA
(yuactok 1-2) HabmromaeTcsi CHUKEHHE Ha-
NPsDKCHUS B TIOYBE U JAJTbHEWIIIee BHEPEHIE
IITamMIa He COMPOBOXKAAETCS POCTOM Harpsi-
xeHus (ydacTok 2—-3) 10 JOCTHXKEHUSI TBEp-
JIOTO TIOoJACTUIAIONIEro ciosi (ydacTtok 3—4).
Ha mouBe 0Ge3 JepHOBOTO TMOKPOBA Y4aCTOK
€ro TPOpBIBa OTCYTCTBYET W IOCIE BHEIpE-
HUs mTammna B mouBy (ydactok 0—1) Hacrty-
MaeT y4acTOK MPOTPECCUPYIOMIETO TEUCHHS
(yuacTtok 1-2), mpo1ospKaromuncs 10 T0CTH-

O— A

XKeHust 1ehopMaTOPOM TBEPIOTO TMOACTHIIA-
fo11ero cios (yyactok 2-3).

Beinenum Ha yuactke 0-1 rpaduxka,
XapaKTepU3YIOIIEr0 B3aMMOCBS3b  MEX]Y
ryOMHOW BHEIPEHUs IITaMmIa /i U Hamps-
KEHHUEM ¢, BOSHUKAIOIIUM IIPH 3TOM B HOY-
BE C JIEPHOBBIM ITOKPOBOM, 3JE€MEHTapHBIN
Y4acTOK M 0003HAYUM ero do 1o ocu o u dh
no ocu & (puc. 1). IlpoBenem K BblJI€I€HHO-
My 3JI€MEHTapHOMY YYacTKy KacaTelbHYIO,
KOTOpasi o0pa3yeT yroil a ¢ BEpTHKaJIbHOU
ocbto. [ XapakTepuCTUKU HAIPSKEHHOTO
COCTOSIHUS MTOYBBI B 3aBUCUMOCTH OT IIyOH-
HBbI TIOTPY>KEHMS IITaMIIa UCTIOJIb3YyeM Iapa-
metp ¢,. Vi3 pucynka 1 cnenyer, uto Tekyiee
3Ha4YeHHE JJAHHOT'O MapaMeTpa MOXKHO OIlpe-
JENUTH U3 BhIpaxkeHus (6):

do
or = o = ctga 6

BBenem mapamerp 0, XapakTepusyro-
MUK MTHTEHCUBHOCTh MU3MEHEHUs MapaMeTpa
C,» OTIPENIENSEMbIN BoIpakeHueM (7):

)

do

)

ITpounTerpupoBas BeipaxeHnue (7), no-
nyuum: do/dh = (o + c ).

do

T L 1

o
o®

2

»

0 dh

——

>

h

CIUTOIITHAS IMHUSA — [T0YBA C IEPHOBBIM IIOKPOBOM; IyHKTHP — MOYBa 0€3 IEPHOBOTO MOKPOBA
solid line — soil with turf cover; dotted line — soil without turf cover

Pucynok 1 — BzanMocBsi3b Mexk1y IrJIyOMHON BHeApeHUs 1ITammna h
U HaNpsi’KeHUeM o, BOSHMKAIOLIUM IPU 3TOM B I04YBe

Figure 1 — Relationship between the depth of stamp penetration /
and the stress o arising in the soil

132 LanbHegsocmouHbIl azpapHbili secmHuk. 2024. Tom 18. Ne 4



HayuyHoe obecrieueHue AlK

AZpOUH)KeHe,OUFI u nuwesble mexHosioecuu

3HaYEHHE ¢, ONPEIEIUM U3 Ha4aIbHbIX
ycioBuii (8):

do
o=0; an = ®
Tornma nomyuum:
_Co. do Co
=i ﬁ_6(a+3) ©)

Wurerpupys ypasHenue (9) u Bbipazus
U3 HETO BEJMYUHY /A, UMEEM:

1. /éo
=l (— % 1), (10)

) Co
OTKyAa o = %O(ean -1) (11)

[TonydyenHoe Takum 0Opa3oM BhIpaxke-
Hue (11) mo3BonsieT 0XBATUTH MPAKTUYECKU
BCE BO3MOXHBIE CIy4yau MOTPYKEHUS IITaM-
1a B MOYBY B 3aBUCUMOCTH OT JIEHCTBYIOIIEH
Ha HEro Harpys3KHu.

Hepexom{ K IIUPUHEC JABUXKXUTCIIA Ma-
IIWHBI, OMNPCACINM CHIIY COIIPOTUBJIICHUA
BAABJIMBAHWIO JIBHUXXUTCIIA B [IOYBY:

h
R=b| odh (12)
0
rac b — IIUpHUHA ABUKUTCIIA.

[ToxcraBum Beipaxenwue (11) B ypaBHe-
Hue (12):

h
E=b f e -n)an 13
0

[Tocne mpeoOpa3oBaHMl BBIPAKCHHUS
(13) momyuunm:

b ¢, (00
==loc—=In{— 14
F.=3|o 6ln(co+1)] 14)

IIpn 5TOM 3HaueHHs1 APaMETPOB C, U
0 OIPEJIEINAIOTCS B KOHKPETHBIX MOJIEBBIX yC-
JIOBUSIX Ha OCHOBaHHMM SKCIEPUMEHTAIBHBIX
JAHHBIX, TIOJIyYE€HHBIX MpPU BIABIMBAHUU
HITamia B MOYBY.

3axiouenune. Ha ocHoBaHuM mpoBe-
JIEHHBIX TEOPETUYECKHX HCCIICIOBAHUNA TI0
OTIPEJICTICHUIO CONPOTHBIICHUS TTOYBBI BO3-
JeHCTBHIO 1eopMaTopa, YCTAaHOBJICHO:

1. Cunvl, xapaxmepusyrowue conpo-
mueenue noysvl deghopmayuu, Mo2ym 3Ha-
YUMENbHO UBMEHAMbCA 8 3a8UCUMOCIU OM
MUNA NOYBEHHO20 NOKPOBA, NPUCYMCMBUSL
0epHO8020 C0Sl, HANUYUA NIOMHO20 NOONA-
XOMHO20 OCHOBAHUSA U OPY2UX (PAKMOPOS.

2. Ilpeonooscennas 3asucumocms no-
360/151em  OYeHUMb CONPOMuUBIeHue Nno4esl
soasiusanulo 8 Hee degpopmamopa (Hanpu-
Mep, 08udCUMENsT MAWUHbL) NPU PATUYHBIX
NOYBEHHBIX YCIOBUAX, NOCKOIbKY BKIIOYAem
napamempui, xapaxmepusyroujue usmMeHeHue
HANPSJCEHUsT 8 Nouge 6 3AGUCUMOCTU OM
2NYOUHBL nocpydiceHuss deghopmamopa u no-
360n50WUe NPU IMOM OYEHUMb UHMEHCUB-
HOCMb U3MEHEeHUS HANPSANCEHUS.
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