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TEOPETUYECKHUE UCCJIEJOBAHUS BO3JIEVCTBHS HA TIOYBY YIUIOTHAIOIIIAX
SJIEMEHTOB KOJIBHATO-IIPYTKOBBIX PABOYNX OPTAHOB KATKOBBIX
INPUCTABOK

Annoranus: Cucrema oOpaOOTKHM IIOYBBI, OCHOBAHHAsl Ha IPUMEHECHHH KOMOWHHPOBAHHBIX arperaTros, MO3BOJSET
CHHM3HTB SHEPreTHUECKUE W TPYAOBbIC 3aTpaThl Ha €AMHUIY TPOU3BEICHHON MPOAYKIUU U TOJyYUTh HAaHOOJIBIINIT SKOHO-
MudecKuil 3QGeKT Mpu COXpaHEHUHU IUIOAOPOAUs MouBkl. J{is obecrieueHus TpeOyemMoro kadectBa OCHOBHOH 00paboTKH
MIOYBBI, YCAJIKU ¥ MIOBEPXHOCTHON 00pabOTKM T1acTa B MAXOTHBIX arperaTax MCIoJIb3YIOTCS PA3JIMUHbIC JONOIHHTEIbHbBIC
npucriocobsienus. Hanbosee yHUBEpCAIbHBIMU TIPH 9TOM SIBISIOTCS KOJIBYATO-LINOPOBBIC KATKH C PA3JIMUYHBIME opMamu
YIUIOTHSFOIINX 3JIEMEHTOB, KOTOPbIE KaYeCTBEHHO KPOIIAT, BHIPABHUBAIOT M YIIOTHSIOT IIOBEPXHOCTHBIH CIIOiT 00epHY THIX
mactoB. Ha kauecTBO BBIIOIHIEMOI0 TEXHOJIOIHUECKOTO MIPOIECca BIUSMIOT KOHCTPYKIIHSI, TEOMETPHUYECKHE Pa3Mephl KaT-
KOB, KHHEMaTHYECKHE U JMHAMHUYECKHUE ITapaMeTphl UX paboThl, a Tak)Ke COCTosiHMe oOpabaTriBaemoro arpodoHna. B cra-
ThE BBIIIOJIHEH aHaIN3 (HOPM YIUIOTHSIOLIMX SJIEMEHTOB KOJIbYATO-IPYTKOBBIX KAaTKOB, 3aKOHOMEPHOCTEH (hOpMHUpPOBAHUS
U PacIpOCTPAHCHHUS SApa YIUIOTHEHHS IOYBBI I10J MX BO3ACHCTBHEM, HA OCHOBE KOTODPBIX MOJYYEHBI 3aBUCHMOCTH s
OIPE/ICJICHUS] TEXHOJIOTHYECKUX apaMEeTPOB KOJIbYATO-IIPYTKOBBIX KaTKOB. B pe3ynbTare MpoBeACHHBIX UCCIIEA0BAHUMN 3a-
KOHOMEPHOCTEH BO3JeHCTBHS IIPYTKOB HA TIOYBY, IIOJIyYEHB! YPABHEHHS €T0 ABHIKCHUS M yCIOBHE YIUIOTHEHHS. Pe3ysbTarTer
HCCIICJOBAHHH JOMOJTHSIOT TEOPUIO B3AaUMOJICHCTBYS yIIPOUYHSIOIINX JIEMEHTOB KOJIbUaTO-IIPYTKOBBIX pab04YMX OpraHoB Ha
ITOYBY, IMO3BOJIAIOT ONPEACIUTb UX KOHCTPYKIUOHHBIE U TEXHOJIOTUYECKUE MMapaMETpPhl U MOT'YT 6]>ITb HUCII0JIb30BaHbI ITPU
MPOECKTHPOBAHUH TOYBOOOPAOATHIBAIOIINX KATKOB.

KuaroueBble cji0Ba: TCOpHUS B3aMMOACHCTBHS YHPOUHSIOUMX AJIEMEHTOB KOJIBYATO-IIPYTKOBBIX pabOYMX OPraHOB Ha
MI0YBY, KOJIbUATO-IIIIOPOBEIE KATKU

Jas nutupoBanus: TeopeTnueckue UCCIeAOBaHHS B3aUMO/ICHCTBUS YIIOTHSIONINX 3JIEMEHTOB KOJIBYaTO-IIPYTKOBBIX
JIMCKOB KaTKOBBIX MPUCTABOK MaxoTHbIX arperatoB ¢ mousoii / U.C. Kpyr, 10.B. Yurapes, ®.. Hazapos., B. Pomantok /
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THEORETICAL RESEARCH OF EFFECTS OF SEALING ELEMENTS OF STAR WHEELED ROD WORKING
UNITS OF ROLLER ACCESSORIES

Abstract: The soil treatment system based on combined units application, allows to decrease energy and labor costs
per output unit and to obtain the greatest economic effect while maintaining soil fertility. Various additional accessories
are used to provide the required quality of the basic soil cultivation, shrinkage and surface treatment of formation in arable
units. The most universal in this case are the star wheeled rollers with various forms of sealing elements, which crumble,
smooth and compact the surface of the layers that were turned over. The quality of the process is influenced by the design,
geometric dimensions of the rollers, the kinematic and dynamic parameters of operation, as well as condition of the cultivated
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agrophone. The purpose of the study was to substantiate the geometric parameters, the shape of the sealing elements, and
the theoretical studies on their effect on soil. The article analyzes shapes of the sealing elements of star wheeled rod rollers,
regularities of formation and propagation of the soil compaction kernel under their influence, on the basis of which the depen-
dences for determining the technological parameters of star wheeled rollers have been obtained. As a result of the conducted
studies of the effect of rods on the soil, the equations of its motion and compaction condition are obtained. The results of the
studies supplement the theory of the interaction of reinforcing elements of star wheeled rod working organs on the soil, allow
to determine their structural and technological parameters and can be used for design of soil-cultivating rollers.

Keywords: theory of interaction of reinforcing elements of star wheeled rod working units on soil, star wheeled rollers
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Beenenue. Ha coBpeMeHHOM 3Tare pa3BUTHS 3eMJIeIeHs BayKHEHIIIee 3HaUYeHHE UMEET CHUIKeHHE
3aTpar Ha eMHUILY IPOU3BEICHHON IPOAYKIUH IPU HAUOOJIbIIEM SKOHOMUUYECKOM 3 dexTe u coxpa-
HEHMH IJIOAOPOUS MOUBBI. JJOCTUTHYTH 3TOr0 BO3MOKHO 3a CUET Pa3yMHON CHCTEMbI 00pabOTKH I0-
YBBI, BBIIOIHIEMON KOMOMHUPOBAaHHBIMH arperaraMu, NO3BOJISIIOIIMMHU COBMELIATh JIBE M Oosee Tex-
HOJIOTHYecKHue onepanui. KomOMHUpoBaHHBIE TOYBOOOPa0ATHIBAIOIINE arperarbl B 3aBUCUMOCTH OT
COBMEIIIAEMBIX OMEpalil YCIOBHO MOKHO pa3[eliuTh Ha CIEeIyIOIINe TPYyNIbl: OCHOBHAs 00paboTKa
[IOYBBI C JIOTIOJIHUTEJIBHOM; HECKOJIBKO ONepaliuil MpeaArnoceBHON 00paboTKH; peanoceBHas 00padoTka
1 TI0CceB; 00paboTKa OYBEI I BHECCHHUE YIOOPCHUIA.

HecMmotps Ha mpenMyiecTBa 6€30TBaJIbHOM U HYJIEBOI 00pabOTKHU MOYB, UX BHEIPEHUE B IPAKTHU-
YecKoe 3eMJIe[ieNIne OCYIIECTBISETCS MEIIJICHHO. DTO CBA3aHO C TE€M, YTO IHPOKOE NpHMEHEeHue 0e3-
OTBaJIbHOW 00pabOTKHU MOYBBI HE MPEACTABISETCS BO3MOKHBIM B CBS3H C CHJIBHOW 3aCOPEHHOCTH I10-
Jiell COPHBIMU pacTeHUsIMU, 00ph0a C KOTOPBIMHU MPH JAHHBIX TEXHOJIOTHYECKUX IIPUEMax J0JIKHA CO-
MIPOBOXK/IATHCS MIMPOKUM MPUMEHEHHEM B TEXHOJIOTHUSIX BO3/IENIBIBAHNS T€POUIIN/IOB, YTO HETaTHBHBIM
00pa30M CKa3bIBAETCS HA JKOJOI'MM OKPY’KAalOIIeH Cpelbl M MOBBIIIAET CEOCCTOMMOCTh MPOAYKIUH.
[ToaTOMy arpoTexHuKa BO3JE/IBIBAHHUS HA JaHHOM dTalle Pa3BUTHsI HE IMPEICTaBIsETCS 0€3 OCHOBHOM
00pabOTKM MOYBBI MaXOTHBIMU arperaraMmu, KOTopas CONPOBOXKIACTCS MOTEPSIMU MOYBEHHOI'O yTJie-
pona u Biaru B atmocgepy. [loaTomy He0OX0AMMO UCKATh MYTH CHUKEHUS OTJAaud yIiepoja U Biaru
U3 MOYBBI B aTMOC(Epy HE TOJIBKO 32 CUET MPUMEHEHHS TIOUBOIIAASIINX TEXHOJIOTUI, HO 1 COBEPIIICH-
CTBOBAHMWS KOHCTPYKIIMI MaIlliH ¥ OPYAHNH, TpeTHA3HAYSHHBIX JIJIT OCHOBHOHM ¥ IMOBEPXHOCTHOM 00pa-
00TKM 1OUBBI. B 3TOM cirydae Ha cTagusix NPOSKTUPOBAHUS U pacueTa COOTBETCTBYIOLIUX arperaTtos
CJIEAYEeT yUUTHIBATh X BO3ACHCTBHE HA TIOUBY, KOTOPOE, C OJHOI CTOPOHBI, HE TOJIKHO MPEBBILIATH J10-
MyCTUMOE, a C Ipyroi — HE CUJIBHO Pa3yIJIOTHSTH €€, UCKJItoYasi BO3MOXHOCTh YXO/1a yIieposia U Bia-
ru B armocdepy [1, 2].

Jns ymydieHus: mporecca OCHOBHOM 0OpaOOTKH MOYBBI U CHUIKEHUS SHEPreTHYECKHX 3aTpaT Ha
HOCJIEAYIOIINE TEXHOJIOTMYECKUE ONEPAalUi B KOHCTPYKLUAX IUIYTOB IIMPOKO IIPUMEHSIOTCS pas-
JTUYHBIE JIOTIONIHUTEIBHBIE YCTPONCTBA NIJII IOBEPXHOCTHOW 00pabOTKM MOYBEHHBIX IIAcTOB [3—12].
Onn obecneynBalOT KPOLICHHE, PhIXJICHUE, YACTUYHOE BbIPABHUBAHHE U YIUIOTHEHHE BEPXHErO CIIOS
o0opoueHHoro miacta. [Ipu 3ToM npoucxonuT pazpylieH!e U MpeaoTBpalieHue 00pa3oBaHus IbI0, 00-
Jiee TeCHOE pa3MellleHHe MOYBEHHBIX arperaros, yBeIMUeHHe KalIIpHON TOPUCTOCTH, co3/1aeTcs 00-
Jiee OTHOPOTHOE COCTOSTHUE 00pabaThIBa@MOro CJI0s M YaCTUYHOE BHIPAaBHUBAHKE ITOBEPXHOCTH TIOYBHI.
VYInoTHeHHas Mo4Ba OBICTPO MPOrpeBaeTCs, MO3BOJIAET MPOBECTH IOCIEAYIOUIUE TEXHOJIOIMUECKHUE
orepanuy B 6oJiee CKaThle CPOKU M 00ECIIeUNBAET COXPAHEHHE BJIATH M yIJIEPOA B HUKHHUX CIIOSIX.

IloaToMy, ¢ arpoTeXHUUYECKOW TOYKH 3pEHUs, MPUMEHEHHUE JOMOJHUTEIbHBIX YCTPONHCTB B KOH-
CTPYKLHUSIX TUIYTOB IMO3BOJIAET ONTHMAJIBHO HCIOJIB30BaTh BPeMs MOATOTOBKHU MOYBBI K IOCEBY, CO-
BMECTUTDH arpoTeXHUYECKHE MPHUEMBI JII1 O0PHOBI C MOTEPSIMH ITOYBEHHOM BIIaru W yriepoja, COKpa-
TATHh KOJIMYECTBO MOYBOOOPaOATHIBAIOIINX ONEpaIuil mpu o0paboTKax MOYB JIETKOTO MEXaHHYECKOTO
COCTaBa M CHU3HTH 3aTpaThl DHEPTUU HA 00pabOTKYy TsKEIBIX MouB. OMHUM W3 OCHOBHBIX TpeOoBa-
HUH K IPOCKTUPOBAHUIO KOHCTPYKIUI 1 pab0OYMX OPraHOB MOYBOOOPaOATHIBAIOIINX IPUCIOCOOICHHH
K TaXOTHBIM arperaram sBiseTcsi obecnedyeHne TpedyeMoro xadecTBa 0OpaOOTKH Pa3iIMYHBIX TTOYB
BHE 3aBHCHMOCTH OT KJIMMaTu4yeckux ycioBuil [13]. CinenyeT OTMETUTD, UTO TEOPUHU B3aUMOAECHCTBUU
CeJIbCKOXO03MCTBEHHBIX MAIINH U OPYIUNA C IOYBOH TPeOYIOT AaJIbHEHIIIET0 Pa3BUTHS B CBA3H C MPO-
OyleMaM¥ TIEPEYILIOTHEHNSI (HEMOYTUIOTHEHUS) TIOYB, YCOBEPIIICHCTBOBAHUEM TEXHOJIOTHH X 00padoT-
KM, MOZIEPHU3aLNEH KOHCTPYKIHUI pad0unX OPraHoB U yUeTa IKOJIOTHUYECKUX IPOLIECCOB.
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Lens manHO# pabOTHI — 00OCHOBAHHME TE€OMETPHUUCCKHUX IMApPaMETPOB KOJIHIATO-TIPYTKOBBIX pado-
YUX OPTraHOB KaTKOBBIX IMPUCTABOK IMTAXOTHBIX arperaTtoB M MPOBEIEHNE TEOPETHIECKIX NCCIIEOBAHNN
BO3JIEHCTBHS MX YIUIOTHAIOIINX 3JIEMEHTOB Ha MTOYBY.

OcHOBHas1 YacTh. B KOHCTPYKIIUAX IUIYTOB JUISL OOecrieueHusT TpeObyeMoro KadecTBa OCHOBHOM
00pabOTKH TTOYBHI, YCAIKWd W JOMOJHUTEIBHONH O0OpabOTKH TIacTa MCIOIB3YIOTCS Pas3IMIHbIC TPH-
CTIIOCOOJICHHS: BOJIOKYIITH, OOpOHKH, TpucTaBku [3—12]. Hanbonee yHUBEpCaIbHBIMHA B IIPUMEHEHHUH
SIBJISFOTCSA KOJIBYATO-IITTOPOBBIE KATKU C PA3TUIHBIME (DOpMaMHU YILUIOTHSIONIUX AJIEMEHTOB, KOTOpPHIE
KadeCTBEHHO KPOIIAT, BRIPABHUBAIOT M YIUIOTHAIOT MMOBEPXHOCTHBIHN cIoif oUBHI (puc. 1). Ha kauecTBO
BBITIOJTHSEMOT0 TEXHOJIOTHYECKOTO MpOoIecca BIUSAIOT KOHCTPYKIUS, T€OMETPUUECKHE pa3Mephl KaT-
KOB, KHHEMATHYECKHE U THHAMIYECKHE MapaMeTphl UX pabOTHI, a TAK)Ke COCTOSTHUE 00pabaThIBaeMOro
arpodona. B Hacrosmiee BpeMsl B KOHCTPYKITUSIX pa00OdNX OPraHOB IMOYBOOOPAOATHIBAIOIINX KAaTKOB
WCTIOIB3YIOTCS IITIOPHI MIPSMOYTOIBHOTO, TPEYTOIBHOTO U KPYTJIIOT0 CEYeHHH, KOTOpPBIe TIPH BHEpe-
HUHW B TIOYBY BEAYT ce0s MO-pa3HOMY.

Puc. 1. KonpuaTo-1mopoBslii (@) ¥ KOIpuaTo-NpyTKOBEIH (b) paboune opraHsl mo4Bo0OpadaThIBAIOMIMX KaTKOB [14]

Fig. 1. Star wheeled (a) and star wheeled rod (b) working units of soil cultivation rollers [14]

[Ipu BHEAPEHUU IIMOPHI MPSIMOYTOJBHOIO CEUCHHS B MOYBY (pHUC. 2, @) oA Heil oOpa3yercst mou-
BEHHBIN KJIMH, BIOJb CTOPOH KOTOPOrO MPOUCXOAMT JABHIKEHHE YACTHUI TIOUBBL. [IpuMeM, 4TO yroi npu
OCHOBAHMH KJIMHA PAaBEH YIJly BHYTPEHHEr0 TPEHMs MO4BbI @,. Haiisiem BbicoTy 0oOpasyromerocs mod-
BEHHOI'0O KJIMHA hK

b
he =180 )
(b — muprHA WTIOPBHI).
[Ipu BHEIpEeHUH HITIOPBI TPEYTOIBHOTO CeueHUs (YroJioK) B OUBY (pHuC. 2, b), TOUBEHHBIN KJINH MO/
Hel He OyneT 00pa3oBaThes, €CIIM yroJl MPH OCHOBAHMHM KJIMHA (0, OyI€eT GOJIbIIE YIiIa TPEHHS TTOYBbI
0 MeTaut ¢,. M3 aToro cieayer, 4To yroy npu BEPIIMHE KIMHA BHIOUPAETCS U3 YCIIOBHS

B<180—20,. )

a b c

Puc. 2. CxeMbl BHEAPEHUS B MOYBY LITIOP PA3THIHON (OPMBIL: a@ — IPSIMOYTOIBHOM; b, ¢ — TPEyTOIBHON

Fig. 2. Schemes for introducing various shapes skids into soil: a — rectangular; b, ¢ — triangular
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Ecmu yron npu Bepmune 3> 180 — 2¢,, TO Ha MOBEPXHOCTH WINOPBI 00pa3yeTCst MOYBEHHbIN KIUH
C YIJIOM IIpH OCHOBAaHHH ¢, (pHC. 2, ¢).

[Mocne TOro, Kak KJIWH cPOPMUPOBAIICS, AalbHEHIee 3arTyOJIeHUEe MIOPbI OYJeT BIUSATH TOJBKO
Ha TIyOWHY paclpoCTpaHeHHs YIUIOTHEHHUS, a TUIOTHOCTh MOYBBI YBEIHMUMUBATHCS He Oyzaet. [loaTomy
JUTSL IOCTHOKEHUST MAKCHMAJIbHOTO 3HAYCHUS MJIOTHOCTH HITMIOPY HEOOXOAUMO 3ariyOUTh B TOYBY Ha
BBICOTY KJIMHA.

[Ipu onHOBpEeMEHHOM BO3/EHCTBHM Ha MOYBY JBYX MPSIMOYTOJBHBIX IIMOp (puc. 3) riiyOnHa nepe-
CEUCHHS CO3/1aBaeMbIX UMH 30H YIUIOTHEHUH OnpesensieTcs mo hopmye

h - bt [ b
1 =50t [5 —Ej ctg,,

rae [ — paccToSHHE MEXIY IITopamH,

WITH

/= 2h, —btgo, +bctgo, . 3)
ctgo,

3a,Z[aBa$ICI> napameTpom hl’ MOJKXHO OIIPCACTIUTDb PACCTOAHNUEC MCIKAY LITIOPpAMHU.

[

RN K\ N
AR ERNN SR

Puc. 3. Cxema 0JHOBPEMEHHOI'0 BO3AEHCTBUS ABYX IIPSIMOYTOJIBHBIX ILIIOP HA IIOYBY

Fig. 3. Scheme of simultaneous effect of two rectangular skids on soil

HluprHa mwnopsl b Ajs KOJBYATO-ILIIOPOBBIX KATKOB OIPEAEISETCS U3 IPOUYHOCTHBIX M TEXHOJIOIH-
YECKUX YCIOBUU. YTIIbl TPEHUS 3aBUCAT OT PU3UKO-MEXaHUYECKUX CBOMHCTB M COCTOSTHUS MOUBHI [15—-19].
Paccrosnue Mex 1y mmopamu TpeyroJabHOro CEYEHUs 11 ciy4das, koraa 3> 180 — 2¢,, onpenens-
ercs o popmyie (3). s cny4das, korna B< 180 — 2¢,, paccTosHue MEK Ty LINIOPAMH ONPEIEIAETCS 10

dbopmyiie
[ =2hctg (%) —bctg’ (gj +b. )

IIpu BHEAPEHUH MITIOPHI KPYTIIOTO CeueHUs (MPyTKa) B TOUBY (puc. 4) KIWH OyaeT GopMUPOBATHCS
Ha JyTe€, OrPaHMYEHHON LIEHTPAJIbHBIM YIJIOM, PaBHbIM 2¢,. BeicoTa kinHa onpeznensercs no Gpopmyie

. b
h}( =7rsInQ,tg, ZEtg(pla ®)

rae b = 2rsin P,

MakcruManbHas IIIOTHOCTH TTOYBHI B 30HE YINIOTHEHUSI IPYTKA IOCTUTAETCA MPHU €ro 3ariayOiIeHnn
Ha MIyOWHY, paBHYIO paauycy. JlamapHeiinee ero 3arayOiieHne BeneT JUIb K YBEIUUCHUIO TTyOUHBI
pacmpocTpaHeHus yIUIoTHeHuU. Toraa

h, =rcos, +(é—rsin(p2jctg(pl,

HJIn

- 2(h —rcos@, +rsin (pzctg(pl). ©)
ctgo,
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b

Puc. 4. Cxema BHeApeHU S ILIIIOP KPYTJIOrO CEYCHUS B IIOYBY: @ — (POPMUPOBAHUE KIMHA; b — IepecedeHne
JIBYX 30H yIJIOTHEHHS

Fig. 4. Scheme of introduction of round skids into soil: @ — wedge formation; b — intersection of two compaction areas

Jns onpenenenust paccTodHus R (paamyca OKpy>XKHOCTH), Ha KOTOPOE yaJeHbl IIEHTPhI MPYTKOB
OTHOCHUTENIBHO LIEHTpa AUCKa (KOJIbIIA), PACCMOTPHUM CIydYaii, KOTJla B TIOYBY BHEIPSAETCS TOJBKO OIHUH
OpYyTOK M TIyOWMHA ero Morpy)kKeHusi paBHa ero paauycy. M3 puc. 5 ompenenuM paccTosHUE MEKIY
pyTKaMH

PP=R*+ R*—2R*cos(180° — 3(90° — a)), 7
i
P =2R*—2R*cos2a,. (8)
3Has, uto cos2a, = 1 — 2sin’ol,, Moc/e HECIOKHBIX IpeodpasoBanuil ypapHeHus (7), MOIyYUM
12
R=—. 9
5 ©
Jns mnop ypaBHEHUE IPUMET CIEAYOINAN BUJ:

12

= . (10)
btgo,

[IpumeM, 4TO Bce MPYTKH paBHOYIAJIEHBI APYT OT IpyTra U 3aKperie-
HBI Ha JIUCKE Ha PACCTOSIHUE R OTHOCUTEIBHO €r0 F€OMETPUUECKOIO 1ICH-
Tpa. PaccMoTpuM mporecc BXOKA€HUS MIPYTKa B ITOYBY B BEPTUKAIBHOM
miockocTu xOz. Ilpumem, 4To B TOUKe B (X,; z)) NPYTOK CONPUKACAET-
Csl C MOYBOM, UTO SIBJISIETCSl HAYAJIOM MPOIEcCca BXOXKIEHUS €ro B MOYBY.

YpaBHEHUs JIBMKCHHSI TOYKU B MpyTka B MOYBe 3amuiieM B TAKOM BUJIC
(puc. 6):

x=x,+G (0SL<CB; x,=A40C);
Puc. 5. Cxema Kk ompeneneHuio z=2,+M; (0<N<BC; z,=O0K) an
PACCTOSHUA MEXIY HEHTPOM >0 ’
JUCKa M LEeHTpaMu YIIOT- win
HSIOMMX DIEMEHTOB KOJbYa- {=x—x,=x—rsina; (AC <x< AB');
TO-NPYTKOBOTO KaTKa < < (12)
Fig. 5. Scheme for determining n=z-z,=z-rcosa; (0<z< 04).

the distance between the center 1o o _ yrog, ompegensowIuil MONOKEHHE IPYTKA OTHOCHTENBHO ocH Oz
of the disc and the centers of

the scaling clements of the star B MOMCHT BXOMKJICHHH B IOYBY (puc. 6), o = of (v — yriaoBas CKOPOCTh
wheeled roller JUCKa; ¢ — BpeMs).
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Puc. 6. Cxema Kk onpesieleHHI0 KHHEMaTHIeCKUX TapaMeTpOB JBIDKCHHSI IPYTKa AMCKA M 3aKOHOMEPHOCTEH
BO3JICHCTBHUS €€ Ha TIOUBY

Fig. 6. Scheme for determining kinematic parameters of the disk rod motion and the laws of its effect on soil

Ucxonst u3 puc. 6 qist touku B’ ypaBHenus (12) MOKHO 3amucaTh B TAKOM BHJIE:

C=ra—rsina = r(o —sina), (13)
n=r—rcosa=r(l —cos). (14)

Tpaektopueil 1BH)XEeHUS IPpyTKa B OYBE B IJI0ckocTH XxOz coriacHo ypaBHeHusM (13) u (14), 6yzer
nukionaa. llpn NBM)KEHNHN MO LUKJIIOHW]IE MPYTOK MEPEYNAKOBBIBAET YACTULBI TOYBBI, U3MEHSSI TOPH-
CTOCTh W TIOTHOCTH. BEKTOp CKOpOCTH ABMKEHMS MPYyTKa BAOJb TPAEKTOPUH OyJET MPOXOAHUTH MO
KacaTelIbHOM K TpaeKTopuu Hukiouabl BB'. [Ipu aToM yron ¢ Mexay kacarenbHol u ipsimoii BC Oyzner

de
MEHSTHCA, T.€. OH 3aBUCHT OT BpeMeHHU (¢=(?). [Ipumem, uto ¢=Qf (Q = FT yIJIOBasi 4aCTOTa JBU-
JKEHUsSI TOYKH B 10 UKIIOUE):

v=y 8,
E=x—Qrcosq, (15)
N=2z+Qrsing =Qrsine.

IIpu HEpaBHOMEPHOM JIBHIKEHHWH JTUCKA TIO MO0 (® # const) yCKOpeHHe MPyTKa BAOJIb TPACKTOPHH
OyzleT onpeaeNsITbCsl ypaBHEHUEM

N=2+Qrsine=Qrsing, (16)

rie £ = X — Qrcos @+ Q%rsin@; 1) = Qrsin @ + Qr cos ¢.

Takum 00pa3om, NepeynakoBKa TBEPAbIX U KUIAKUX YACTUI IIOUBBI MO MPYTKOM IPOHCXOIUT CO
CKOpPOCTBIO M YCKOpEHHUEM, onpezenseMbix ypasHerusMu (15) u (16). Tak xak B mpomecce pabOThI AuC-
Ka MOT'YT BO3HHKaTh €ro OyKCOBaHUE M CKOJIBKEHHE [16], TO M IPYTKH, )KECTKO 3aKPEIJICHHBIC Ha HEM,
IIPU B3aUMOJIEHCTBUHU € NTOYBOH OyAyT y4yacTBOBAaTh B YKa3aHHBIX Ipoueccax. B atom ciydae onu Oy-
OyT UMETh YAJIMHEHHbIC HIIM YKOPOUYECHHBIC TPACKTOPUHU YIUIOTHEHUS MTOYBBI, KOTOPBIC OMPEIEIISIIOTCS
ypaBHerusmu (11):

C=x—Arsino, (17)
N =2z—Arcoso, (18)
rme A — OTHOIICHWE paauyCcoB BoOOpa)kaeMOro aWCKa K peadbHOMy (A>1 TIpH CKOJTBXKCHUHU

u A<1 npu OyKCOBaHHH).
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O6o3HaunM KOIQGUIMEHT CKONBKEHUS Yepes k , a kodpduuunent Oykcosanus yepes d. Tak kak
k,=\—1,ad=A+1, T0 ypaBHeHus avxenus npytka (17) u (18) mpumyT cneayromuii Buj
— TP CKOJIBXECHUU
C=x—(1+k,)rsina,

(19)

n=z-(1+k,)rcosa.
— 1pu OyKCOBaHHUH

C=x—(1+Jd)rsina,
n=z—(1+38)rcosa. @0

Tak xak B HaleM cily4ae ABM)KEHHE KaTKa OCYILECTBIIsIeTCs 0€3 aKTUBHOIO IIPUBOJIA, & BCIICACTBHUE
CLETIJICHUS C TIOYBOI BapHaHT OyKCOBAHMSI HCKIIIOYACTCS,, OTMETHM, YTO CKOJIBKCHUE IUCKA HE PEIKOE
SIBJIGHUE ITPH 00pa0OTKE TIOUBBI.

PaccMOTpuM IMHAMUUYECKYHO CXEMY B3aUMOACUCTBUS MPYTKa € MOYBOM. byneM cunurars, 4To mpy-
TOK 3arayOIsieTcsi B OYBY MOJ JICHCTBUEM CHITBI TSKECTH JINCKA U JIOTpYIKaroleil Harpy3ku. JlaHHbIM
cwiiaM OylleT NPOTHBOAEHCTBOBATh PEaKLUsl IOYBBI, KOTOpas OyAeT pacTu C yBEIMYEHUEM I1yOUHBI
3arnyOJeHHs Py TKA.

O003HaYUM PE3YIBTUPYIONIYIO CUITY, TPUXOSIIYIOCS HA OJUH TPYTOK MPH 3ariayOJIeHUud B TOYBY
yepes dF, KoTOpyIo PasIOKMUM Ha [1BE COCTABIISIOIINE: d}*:T HalpaBJIeHa [0 KacaTelbHOH BJIOJb TPacK-
TOpUH (LMKJIOKMIbI), dF 110 BHYTPEHHEN HOPMaJIU K TPAeKTOPHH (pHC. 6).

dF =dF +dF,

dF =\dF*+dF?.
[Ipu6ANKEHHO MOYKHO CYUTATh, UTO B Touke B yron mexay dF u dFT paBeH o, T.e. ¢ = a. Torma
dF. =dF cos o,
dF, =dF'sine. (@A)

HIn

B mporecce nBUKEHUS TOUKHU B 110 TPACKTOPUH YTIIBI O B () OyIYT MEHSITHCS TPUOIMIKASICH K HYJITIO
B Touke B’. Takum 00pa3oM, BIHMSIHUEC KacaTCIIbHOM U HOPMAJIBHOM CUJIBI Ha MEPEYTaKOBKY MOYBEHHBIX
YaCTHI] B/IOJIb TPAEKTOPUH JABMKEHUSI IIPYTKa OyIeT pa3Hoe.

Tak kak yron ¢ B Touke B’ Oy/ieT paBHBIM HYJIIO, TO OCHOBHOE YILIOTHEHHE ITOYBBI MIPOXOIAHUT TIPH
JeiCTBUU KacaTeIbHOW CHJIbI, MAKCUMallbHOE 3HaYeHUE KOTOPOH OyaeT B Touke B'.

YnnoTHso11ee BO3EHCTBUE IPYTKa HA MIOYBY ONpPENEAETCS KakK

dF =k_Sdh,

rae dh — >neMeHTapHOe 3HayeHWe 3ariyOyleHHs BTYIKHM B IO4YBY; K — K0O(QQUIHEHT 00BEMHOrO
cMaTUs (YAETBHOE VIUIOTHEHNE), YUUTHIBAIOMINIA cBoiicTBa mouBbl (H/cM?®): peixmmas mousa — 0,5-1,5;
YIUIOTHEHHAs TI04Ba CPEAHEr0 MEXaHMUECKOI0 COCcTaBa — 3—8; yIUIOTHEHHAs! I0YBa TSHKEJIOr0 MEXaHuU-
yeckoro coctaBsa — 6 — 10; ynoTHeHHas cyxas ModBa TSKEJIOro MexaHudeckoro coctasa 12-20 [20];
S — nIoma b KOHTaKTa IPyTKa ¢ IOYBOM.

Cunrtaem, 4TO YIUIOTHSIIOIIEE BO3JICHCTBUE HA TIOUBY OKa3bIBAET TOJIBKO HYIKHSSI YaCTh MPYTKa, TOT-
Jla ee TUTOIIAh ONPEAETUM TI0 (popMyJe

S= @ 22)
2
Torna BenuyMHA YIJIOTHSIOIETO BO3/IEUCTBUS paBHA
dF =k, %dk. (23)

OtmeTnm, 4o k  d/h urpaet posib 9IEMEHTAPHOTO HANPSKEHUS B 30HE KOHTAKTA BTYJIKH C TIOYBOM.
Jly1st KacaTeJIbHOM CHITBI, COTTIACHO BhIpaxkeHUsM (21) u (22), umeeM

T dF = jkCM %cos odh,
0 0
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T.C.
F =k, wbhd cos Q. (24)
AHAJOrMYHO JJTSI HOPMAJILHOM CHITBI OyJIeM UMETh
F, =k, ™ sing, 25)
F =k nbhd.

B dopmymnax (24) u (25) neByI0 U MpaByIo 9acTh pa3eiIAM Ha IUIOIA b KOHTAKTA S, IOy TUM
c =k, hcoso, (26)
c, =k hsing, 27)

CBsi3b MEXy G, M G_B 30HE KOHTAaKTa NPyTKa C MOYBOH, cornacHo 3akony Kynona, 6ynet
c =ctf o, (28)

e ¢ — koo puuunent cuensienus; f — KodpHUIMEHT BHYTPEHHETO TPEHUS TIOYBBI.
VYpaBHEHHE KacaTeIbHOHW K TPACKTOPHH JBUKCHHS MPYTKa B MOYBE B IUIOCKOCTH x(Oz 3amuiieM
B TaAKOM BUIC

dz
X=X, —a(z Z,),
AIu
d(z, + d
‘= (z,+M) _dn, (29)
d(x,+&) = dg
Tak kak
dn
— =tgo, 30
ac g (30)
CIICJIOBATEIIBHO,
¢p= arctgg. @1
n

VYpaBuenue (28), ¢ yuetom hopmy (26) u (27), mepenuIieM Tak:
k hcoso=c+f k hsino.
OTKyaa moryanm
h= <
ke (cOS Q= £, 5in Q)

®opmyna (32) mokasbIBaeT, 4TO 4eM 0oJble KO3QGUIMEeHT 00BEMHOI0 CMSITHS, TEM MEHbLIE OyIeT
rimyOnHa 3arTyOJaeHus pyTKa B mouBy. Jlaaum orieHKy ko3 UIIMEHTY BHY TPEHHETO TPEHHSI OYBHL.
Tak kak /2 = 0, To u3 popmysl (32) cieayeT, 4TO JOIKHO BHIOIHATHCS CTPOTr0e HEPAaBEHCTBO

(32)

cos@—f sing >0,
WIu
cosQ > f sin¢.
CrenoBaTelbHO,
ctgo > f .

3uavenwue f, onpenensercs Gopmyoi

Jou =120,
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Torna

ctgo > R
ctg o,
W

n n
—>tgQ;—> fi.
G "¢

C yuetrom dopmysr (19) mmeem

z—(1+k,)rcoso

(33)

x—(1+k)rsing = ™

JlaHHOE HepPaBEHCTBO SIBIISICTCS YCIOBUEM YIUIOTHEHHSI TOYBBI IPYTKOM KOJILUATO-IIPYTKOBOTO JIUCKA.

3akaouyenue. Cucrema 00pabOTKH MOYBBI, OCHOBaHHAS HA TPUMEHEHHH KOMOMHUPOBAaHHBIX arpe-
raToB, MO3BOJISIET CHU3UTH dHEPreTHUYECKHE U TPYAOBBIC 3aTpaThl HA €AMHUIY MPOU3BEIEHHOH Tpo-
OYKUUW U TONYYUTh HauOONBIIUK SKOHOMUYECKHH I(P(PEKT MpU COXPAaHEHHH IJIOAOPOAMS TOYBEIL.
st oOecriedenus TpedyeMoro kauecTBa OCHOBHOM 00paOOTKH MMOYBBI, YCaIKH U IOBEPXHOCTHOM 00pa-
OOTKHM IJIaCTa B MAXOTHBIX arperatax MCHOJIb3YIOTCS Pa3IndHbIC JOTOJIHUTEIbHbIC IPUCTIOCOOICHNUSL.
Haubonee yHuBepcanbHBIMU IPU 3TOM SIBIISIOTCS KOJIBYATO-IINOPOBbIE KATKU C PAa3IMUHBIMU (QopMma-
MU YIUIOTHSFOIUX AJIEMEHTOB, KOTOPbIE Ka4eCTBEHHO KPOIIIAT, BEIPABHUBAIOT M YIUIOTHSIOT MOBEPX-
HOCTHBIN CJIOM 00EpHYTHIX MiacToB. Ha KauecTBO BBHITIOIHSAEMOTrO TEXHOJIOTMUYECKOTO MpoIiecca BIIu-
SIFOT KOHCTPYKIIUS, TEOMETPUYECKHIE pa3Mephbl KATKOB, KHHEMATHUECKUE M TUHAMUYECKHE MapaMeTphI
ux paboTHI, a TaKXkKe COCTOsIHNE 0OpabaTeiBaeMoro arpodomna.

B craTbe BbinonHEeH aHanu3 GOpM YIIIIOTHSIOLIMX 2JIEMEHTOB KOJIbYaTO-TPY TKOBBIX KATKOB, 3aKOHO-
MepHocTel (opMUPOBAHUS U PACIPOCTPAHEHHS AIpa YIUIOTHEHUS ITOYBBI IO/ MX Bo3JeicTBrueM. B pe-
3yJIbTaTe MOJIy4YEeHbl 3aBUCHUMOCTH ISl ONPEAEICHNS KOHCTPYKTHUBHBIX MApaMETPOB KOJIbYATO-IIPYT-
KOBBIX KaTKOB. lIpesncTaBieHbl TEOpeTUUECKUE UCCIEIOBAHUS U3MEHEHHUS! KHHEMAaTH4YECKUX MapaMeT-
POB JIBM)KEHUSI YIUIOTHSIIOIIUX 3JEMEHTOB KOJbUATO-TIPYTKOBBIX Pa0OYMX OPraHoB. YCTaHOBJICHO,
YTO YIUIOTHSIOUIME 3JEMEHTHI MPH JBH)KCHHH B MOYBE ONHUCHIBAIOT IHUKJIOMAY, YPaBHEHHS KOTOPOM
MOJTYyYEHBI C YUYETOM CKOJNbKEHHS JUcKa. s MpUHATON KpyTinoi GOpMBbl YINIOTHSIONIUX 3JIEMEHTOB
MPOBE/ICHBI TEOPETUUECKHE UCCIEIOBAHUS UX BO3ICHCTBUSI HA TTOYBY M MMOJy4eHa 3aBUCHMOCTb, yCTa-
HaBJIMBAIOIIAsl YCIOBUE MOTPY’KEHUsSI NpyTKOB. [lodyueHHbIE pe3ynbTaThl JOMONHSIOT TEOPHUIO B3au-
MOZIEHCTBUS YIIPOUHSIOMIMNX 3JIEMEHTOB KOJIBYAaTO-IIPYTKOBBIX pa00YMX OPraHOB Ha MOYBY, IO3BOJISIOT
OIIPENeNINTh KOHCTPYKIIMOHHBIE ¥ TEXHOJOIMYECKHE X MapaMeTPbl U MOT'YT OBbITh UCIIOJIb30BaHbI IIPU
MIPOEKTUPOBAHUH MTOYBOOOPAOATHIBAIOIINX KATKOB.
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