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AHHOTALUMA

06ocHoBaHue. oBepxHOCTHaA 06paboTKa NOYBLI O4EHb BarKHA B CENICKOM XO3AWCTBE, MOCKOMbKY, bnarofaps e, nosbl-
LUAETCA KONMMYECTBO M KayecTBo yporkan. OOHWM M3 BUAOB NOBEPXHOCTHOW 06paboTKM MouBbl ABNAETCA MPUKaTbIBaHUE.
Ero ocywwectBnAwT 4N1A yNyyLIeHUA KOHTaKTa CEMAH C NMOYBOM, a TaKKe [/1A CO3[aHWA ONTUMAbHOW MOPUCTOCTM MOYBbI,
MpwY KOTOpOIA NOpbI cOAepHKaT HeobXoaUMoe KONMYECTBO BOALI M BO3[yXa /A XOPOLUEro pa3BMTMA pacTeHUA.

Lienbio paboTbl — noBbILIEHWE Ka4YeCcTBa NOBEPXHOCTHOM 06paboTKM NouBbl Ha OCHOBE pa3paboTKu BbICOKOIPDEKTUBHO-
ro NPY*KWHHO-BOTHOBOI0 KaTKa, 06ecneynBaloLLEero BbINONHEHWe arpoTpeboBaHNM, CHUMKEHWE IKCMYaTALMOHHBIX 3aTpaT
W MOBBILLIEHME YPOXKANHOCTU CENbCKOXO3ANCTBEHHBIX KYNBTYP.

Matepuansl u MeTogpbl. [IpegnoxeHa HoBasA KOHCTPYKLMA NPYHMHHO-BO/HOBOIO KaTKa, CMocobHoro obecneuunTb NpuKaThl-
BaHWe NoYBbl C CO6NI0AEHNEM arpoTEXHUYECKUX TPe6OBaHWIA.

PesynbTtathbl. B pe3ynbTate BbINOMHEHHBIX NOAEBLIX UCCNEA0BAHUIN NPYHUHHO-BOSHOBOr0 KaTKa NoTy4eHo ypaBHEHMWe pe-
rpeccumn OnucbIBaloLLiee BIUAHNE BCEX HE3aBMCUMbIX (HaKTOPOB MpoLiecca NPUKATbIBaHNA Ha KPUTEPUIA ONTUMM3ALMN k..
BbinonHeHa oueHKa aieKBaTHOCTM MaTeMaTu4eckoit Modenu no Kputepuio Ouiepa, pacyéTHoe 3HaueHWe Kotoporo F,
coctaBuno 1,001 npy TabnnyHoM 3HaueHun F, = 2,46, 4To CBUAETENLCTBYET O €€ afieKBaTHOCTU. BbiNoNHeHHbIN aHanu3 oT-
KMOHEHWI pe3y/bTaToB SKCMEPUMEHTA OT Pe3ynbTaToB, PacCUMTaHHbIX N0 MOAYYEHHOMY YPaBHEHUIO, MOKa3aJl, YTo BO BCEX
TOYKU NNaHa IKCMEPUMEHTA NOJTyYeHHbIE AaHHbIE YKNAAbIBAOTCA B JOBEPUTENbHBINA UHTEPBAN, UTO CBMIETENLCTBYET O Bbl-
COKOM KayecTBe MpOBefeHNA OMbITOB.

3aknioyeHne. MakcManbHoe 3HaueHne KodapduLMeHTa NpUBNMKEHNA K 3TanoHy k., NpU UCMOMb30BaHWUW MPYHWUHHO-
BOSIHOBOr0 KaTka coctasnseT 0,81 npu ckopocTn aBueHMA v = 11 KM/4, CyMMapHOM ycunum, co3[aBaeMoM NpyUHaMu
catva C = 1750 H n Macce 6annacta m = 70 Kr. MakcuManbHoe 3HadeHue k,,, jocTuraemoe npu pabote cepuiHo Bbiny-
ckaeMoro KaTka KK3-6 coctaenset 0,57, yto Ha 42,1% 3HaumnTeNbHO Nyylle, YeM Y NpeanaraeMoro npyMHHO-BOSTHOBOTO
KaTka.

KnioueBble cnoBa: npuKaTbiBaHWe; NJIOTHOCTb; NOYBA; BOSHOBOW penbed; CTPYKTYPHbIA COCTaB; KaToK; UCCNe0BaHNS;
pe3ynbrarbl.
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Analysis of the results of field testing
of the spring-wave roller

Vyacheslav E. Proshkin, Vladimir I. Kurdyumov, Evgeny N. Proshkin,
Viktor V. Kurushin, Roman V. Bogatsky

Ulyanovsk State Agrarian University, Ulyanovsk, Russian Federation

ABSTRACT

BACKGROUND: Surface tillage is very important in agriculture, because it helps to increase the quantity and quality of the yield.
One of the types of surface tillage is packing. It is carried out in order to improve the contact of seeds with the soil, as well as
to create optimal soil porosity, in which the pores contain the necessary amount of water and air for good plant development.
AIMS: Improvement the quality of surface tillage based on the development of a highly efficient spring-wave roller,
which ensures meeting the agricultural requirements, reducing operating costs and increasing crop yields.

METHODS: The new design of the spring-wave roller capable of packing the soil in compliance with the agrotechnical
requirements has been proposed.

RESULTS: As a result of the conducted field studies of the spring-wave roller, a regression equation describing
the influence of all independent factors of the packing process on the optimization criterion KPl was obtained. The adequacy
of the mathematical model was evaluated according to the Fisher criterion, the calculated value of which was 1.001
with a tabular value of 7, = 2.46, which indicates its adequacy. The analysis of the deviations of the experimental results
from the results obtained by calculating the resulting equation showed that at all points of the experimental plan, the data
obtained fit into the confidence interval, which indicates the high quality of the experiments.

CONCLUSIONS: The maximum value of the coefficient of approximation to the KPI standard when using the spring-wave
roller is 0.81 at the motion velocity v =11 km/ h, the total force generated by compression springs C' = 1750 N and the weight
of the ballast 7 =70 kg. The maximum KPI value achieved during operation of the commercially produced KKZ-6 roller is 0.57,
which is 42.1% better than the proposed spring-wave roller has.
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HOBBIE MALLIHBI 1 OBOPY0BAHNE

BBEOEHWUE

B HacToALlee BpeMA CeNbCKOX03ANCTBEHHbIE NpeSnpuA-
TUA CTPEMATCA BbIBUPATb CUCTEMBI 06PabOTKM MoYUBbI C MU-
HUManbHbIM HabopoM onepauui ¢ Lenblo COKpaLLeHns 3a-
Tpart. B cBA3M ¢ 3TMM, 3a4acTyl, HeJOCTaTOYHOE BHUMaHWe
yOenseTcA NPUKATLIBAHUIO NOYBbI, KOTOPOE XOTA U ABNAETCA
3HEpreTMYecKM Mano3aTpaTtHOM onepaLmen, HO OKa3blBaeT
KomnoccanbHbIM 3GQEKT Ha pa3BUTUE CEMAH KOPHEBOM CU-
CTeMbI pacTeHui. Mpu 3T0M 0CHOBHBLIMM 06ecneynMBaeMbIMM
MpY NpUKaTbiBaHWM (akTOpamu, BAVAKOLLMMK Ha YpOHKau-
HOCTb, ABNAIOTCA 0becneynBaeMble NAOTHOCTb U CTPYKTYp-
HOCTb noysbl [1-5].

Heobxoaumo 0TMETUTb, YTO MHOTUE COBPEMEHHbIE KaT-
KM He N03BONAT 06eCNeYNTb KauecTBEHHYI 06paboTKy no-
uUBbl C MO3WULMM COOTBETCTBUA MAOTHOCTU U CTPYKTYPHOrO
COCTaBa MOYBbl arpoTEXHUYECKUM TPebOBaHMAM, YTO CHU-
¥aeT YpOKaMHOCTb CeNbCKOXO3AWCTBEHHBLIX KyNbTyp. 310
MOXHO 0OBACHWUTb, KaK HeCTaHAAPTHbIMU YCNOBUAMM KX
NPUMEHEHNS, TaK U HENPUCTIOCOBIEHHOCTBIO KOHCTPYKLMM
nof pasnuuHble PU3MKO-MeXaHUYeCKUe CBOMCTBA MOYBHI,
Mopon U3MeHAILLIMECA ame B Npefenax ogHoro non. Co-
BPEMEHHbIE KOHCTPYKLMM KaTKOB MMEIOT BbICOKYI0 METajIIo-
EMKOCTb, C/I0MHbI B 06C/TYMBaHUWU U PEMOHTE, YTO NpUBO-
JMT K NOBBILIEHWIO CTOMMOCTM UX IKCMTyaTaLnm 1 6011bLINM
3aTpaTaM Ha TexHu4ecKoe obcnyKuBaHve U peMoHT [6-9].

Lienbio paboTbl ABNAETCA MOBbILLIEHWE KayecTBa no-
BEPXHOCTHOM 06paboTKM NOuYBbI Ha OCHOBE pa3paboTku
BbICOKO3(PEKTUBHOMO NpYMHHO-BOMHOBOrO KaTka, obe-
CrMeYMBaIOLLEr0 BLIMOSIHEHWE arpoTpeboBaHWUM, CHUMKEHME
3KCN/yaTaLMOHHbIX 3aTpaT W MOBbILIEHUE YPOKAWHOCTU
CEJIbCKOX03ANCTBEHHBIX KYTbTYP.

MATEPUAJIbI U METO[IbI

[lnA BbINONHEHNA OCHOBHBIX arpoTexHn4eckmx Tpeﬁosa-
HUI dBTOPCKMUM KOJUIEKTUBOM paspa60TaH NPpUHUMNNANbLHO

Tom 90, N2 5, 2023

TpaHTODbI 1 CENTbXO3MalLMHBbI

HOBbLIN NMPYHUHHO-BOSIHOBOW KaToK (puc. 1), FMaBHOM KoH-
CTPYKTMBHOM 0CO6EHHOCTBIO KOTOPOro ABMAETCA Hanuuue
NOANPYHVHEHHBIX YNJIOTHAIOLLMX 371EMEHTOB, YCTaHOBJEH-
HbIX NapannenbHo 0bpasyloLlen KaTka. bnaropapsa cymmap-
HOMY YCUNMIO, CO3[ABAaEMOr0 HECKONbKMMU MpYHUHAMK,
YCTaHOBMEHHBIMW Ha OJHOM YNNOTHUTENE, B 30HE KOHTAKTa
YNNOTHATENA C NOYBOM CO3AAETCA NEpPEMEHHanA N0 BENUYM-
He NNaBHO YBENMYMBAIOLLAACA CWUNA, 33 CYET KOTOPOM no-
BEPXHOCTb NOYBbLI YNOTHAETCA [0 TPebyeMoro arpoTexHu-
4ecKoro MHTepBana ¢ GopMMUpoBaHMEM Ha HeW BOSIHOBOMO
penbeda. [pyMeHeHne BoNHOBOrO penbeda nepcrnekTMBHO
B 30HaX PUCKOBAHHOIrO 3eMNIEAeNMA Ha 03UMBIX U APOBbIX
KyNbTypax, NOCKOMbKY CHOPMUPOBAHHbIE HA NMOBEPXHOCTM
noyBbl BOJHbI 06eCneunBaloT Hoee KauecTBEHHBIV Nporpes
MoYBbl, @ TaKKE HaKOMMIEHWEe BO BMafMHax BRiaru, YTto cna-
CaeT pacTeHus OT rmbenu, a TakMwKe cnocobCTBYET YCKOPEH-
HOMY pOCTY U Pa3BUTUIO CEMSH.

PE3YJIbTATbl U OBCYHKAEHUE

Mpn monesbix UcCnefoBaHUAX MPYHUHHO-BOMHOBOMO
KaTKa [JIA COBMECTHOM OLEHKU BAMAHWA HE3aBUCUMbIX
$aKTopoB Mpouecca Ha KavyecTBO NPUKaTbiBaHWA MOYBHI
UCMOb30Bany Ko3hGUUMEHT NPUBNUMKEHUA K 3TamoHy
k., [10]. Ina 3Toro B 3KCMepMMeHTanbHbIX WUCCNenoBa-
HUAX MPU Pa3NMYHBIX COYETAHMAX He3aBUCUMbIX (aKTo-
poB (Tabn. 1) onpefenAnu Takue XapaKTepUCTUKM MOYBbI,
KaK M/I0THOCTb U ee CTPYKTYpHbIN cocTas [11].

Ona Toro, ytobbl 060CcHOBaTL BNMAHWE MCCNERYeEMbIX
HE3aBUCKMMBIX (aKTOPOB Ha MPUHATBIA KPUTEPUN ONTM-
MMU3aumMu Kk, , HeoBX0AMMO MONYYUTb COOTBETCTBYIOLLYIO
MaTeMaTUYecKylo Mofeflb, KOTOpPaA HarfifAfgHO MOMeT
noKasaTb WX BAMAHME Ha GOPMUPYEMYID MpU MpUKa-
TbIBaHWM MAOTHOCTb MOYBbLI M €€ arperaTHbI COCTaB.
Ina storo 6bina ucnonb3oBaHa nporpamMma STATISTICA 10,
B 4acTHOCTW, e€ QYHKUMA «He/uHeliHoe OUeHUBAHUE»
(puc. 2).

Puc. 1. Mpy*KWMHHO-BOSHOBOM KaToK: | — nnacTuHbl 06pasyloLLelt umnnHapa; 2 — pebpa; 3 — BepTUKanbHbIE AUCKK; 4 — LUNWUNBKY;
5 — ynnoTHUTENK; 6 — NPYMHBI; 7 — 0TBepCTMA.
Fig. 1. The spring-wave roller: I — sheets of a cylinder generatrix; 2 — edges; 3 — vertical disks; 4 — double-end bolts; 5 — sealers;

6 — springs; 7 — holes.
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Ta6nuua 1. BaprIPOBaHVIe KOHCTPYKTUBHO-PEXMMHbIX NapaMeTpoB npolecca NpuKaTbiBaHUA NOYBbI B HATypasbHbIX N KOAWPOBAHHbLIX
3Ha4YeHUAX

Table 1. Ranges of design and mode parameters of soil packing in natural and encoded values

L T— 3Ha4eHUA napamMeTpoB:
paMeTp HaTypanbHble / KoAMpoBaHHbIE
CKOpOCTb ABUMKEHWUA NPYHMHHO-BOTHOBOMO KaTKa v, KM/Y 7/-1 12/0 15/+1
Yeunue cxKatuaA NpyMuH, YCTaHOBNEHHBIX HA ynnoTHuTenax C, H 0/-1 1684/0 3368/ +1
Macca 6annacta m, Kr 0/-1 50/0 100 / +1
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Puc. 2. HenuHeliHoe OLieHMBaHWe BMAHWA UCCTeayeMblX He3aBUCUMBIX HaKTOPOB NpoLecca NpUKaTbiBaHWA Ha KpUTEPUI1 ONTUMU3ALIMM.
Fig. 2. Nonlinear assessment of influence of the studied independent factors of packing on the optimization criterion.
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Fig. 5. Assessment of influence of the chosen
variables on the main model.

DQl: https://doi.org/10.17816/0321-4443-567933



HOBBIE MALLIHBI 1 OBOPY0BAHNE

Tom 90, N2 5, 2023

TpaHTODbI 1 CENTbXO3MalLMHBbI

Moaensv6=b0+b1v1+b2"V2+b3*v3+b12v1V2+b13*v1 N3b23V2 . (Har_lotoBan_c ycunuem)
3as. nep.: Kosodinprent npnbmoxernia k statoHy Al Notepn: (OBS-PRED)™2

Wroroewe notepu: 1,846247576 R= 46614 ObbacHén. aucnepe.: 21

=155 BOMI b7 | b2 T b3T | b2

b13 | b23 | bi1 | b22 | b33

Ouenxa |0.0973851 0.100629 0.000137 0.002586 0.000001 -0.000085 -0.000000 -0.004429 -0.000000 -0.000012

Puc. 6. Pacuét KoappuumeHToB Mogenm.
Fig. 6. Calculation of model coefficients.

Mocne BHeCEHMA pacyETHbIX AaHHbIX B popmyny 1, nony-
uMM HeobxoguMoe 0bLLee ypaBHEHME perpeccum

k., =0,097385+0,100629v +0,000137C +
+0,002586m + 0,000001vC —
—0,000085vm —0,000001Cm —

—0,004429v* —0,000001C* — 0,000012m°.

YpaBHeHue (2) B HaTypanbHbIX 3HAYeHMAX (aKTOpOB
ONMCbIBAeT BAIWAHWE BCEX M3MEHAEMbIX KOHCTPYKTUBHO-
PEMMMHBIX NapaMeTpoB Ha &, . OfHaKo, OHO He AaéT BO3-
MOMHOCTM OLIeHUTb CTeNeHb BIMAHUA KaXKA0r0 OTAENBHOr0
daKTopa Ha KpUTEpUI ONTUMU3ALMK BCeACTBME 6OMbLLO
PasHULbl UX HaTypanbHbIX 3HaYeHUI. TakaA BO3MOMHOCTb
MOMeT bbITb peanu3oBaHa nocne npefcTaBleHUA ypaBHe-
HWA (2) B KOAMPOBaHHbIX 3HAYEHUAX (HaKTOPOB:

K =0,891067 —0,000630.X +0,028689Y +
+0,013208Z +0,002234.XY —
-0,017026 XZ —0,007437YZ —
—0,070852.X* —0,142070Y* —0,03065527,

roe K — Ko3a¢pQUUMeHT npubnuenns K atanoHy; X —
CKOPOCTb [BUMEHUA MpPYHMUHHO-BOSIHOBOr0 KaTKa; Y —
CYMMapHoe ycunue, co3aBaeMoe MPYUHaMK CKaTuA 0f-
HOr0 YNIOTHUTENA NPYKUHHO-BOJIHOBOI0 KaTKa; Z — Macca
bannacra.

BbinonHuB nccnegoBaHWe NonyvyeHHOe ypaBHEHWE pe-
rpeccun B KOAMPOBAHHBIX 3HAYEHUAX (aAKTOPOB, MOMHO
3aKNIYUTb, YTO Haubonbluee BAUAHME HA Ka4ecTBO Mpu-
KaTbIBaHWA NOYBbI NPYKMHHO-BOSTHOBLIM KaTKOM OKa3bIBaeT
YCUIIME CHATWA NPYHUH Y, @ HAMMEHbLLEE BAIMAHWE OKa3bl-
BaeT CKOPOCTb [ABMMEHMA X.

Mocne aHanmsa BCeX MOMYYEHHBIX MPU IKCTIEPUMEH-
TanbHbIX UCCNEA0BaHUAX NPYHMHHO-BONHOBOMO KaTKa AaH-
HbIX OMpefeneHo MaKcuMarbHoe 3HaueHue k., KoTopoe
cocraenqAet 0,81, 4To 3HaUMTENLHO Bbile, YEM Y CEPUIMHO
Bbinyckaemoro Katka KK3-6 (&, = 0,57), nccnegosanua
KOTOpPOro MpoBOAMNIM OQHOBPEMEHHO HA KOHTPONBHOM
yyacTKe nonA.

Bo3amorkHocTu mporpammbl STATISTICA 10 nossonAtoT
BbIMOMHWTD aHanM3 MOJTYYEHHOr0 YPABHEHWA C MOMOLLbIO
MoZynA «AHanM3 MHOKECTBEHHOM perpeccumy». [ind atoro
HeobxoaMMo BblbpaTb COOTBETCTBYIOLLYH BKNAMKY U YKa-
3aTb, KaKWe U3 paccMaTpMBaEMbIX MepPEMEHHbIX ABMAIOTCA
33BUCMMBIMU, @ KakMe — He3aBUCUMBIMK (puc. 7).
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Mocne HaaTnA KHomKM OK NoABNAETCA OKHO C pe3yib-
TaTaMm aHanmsa perpeccum (puc. 8).

lpoaHanu3npoBaB MoNy4YeHHbIe B OKHE pe3ynbTa-
Tbl, MOXKHO OTMETUTb, YTO PacyYETHOE 3HAYEHWE KpUTEpPUA
Owuwepa Fp coctanset 1,001 npy TabnuyHOM 3HaYeHUU
F_ = 2,46. CnepfoBatenbHo, NonyyeHHoe ypaBHeHWe pe-
rpeccun afieKBaTHO OMWUCHIBAET MPOLIECC MpUKATbIBAHUSA
MoYBbl MPYWUHHO-BOJIHOBLIM KaTKoM. [lonydyeHHoe pac-
4yéTHoe 3HauveHue Kputepusa CTblogeHTa lomp = 17,712
oOKasanocb B 8,6 pa3 bonble TabAMYHOrO 3Ha4eHUs
(t,.6 = 2,06), ut0 CBUAETENLCTBYET O TOYHOCTU BbIHMCIEHUSA
KOpPPENIALMOHHOI0 OTHOLLEHUA.

AHanu3 oTKnoHeHWI (0CTATKOB) TaKe MrpaeT BarKHYHO
pofb B aHanuse perpeccuii. OHM NO3BONAIOT OLEHWTb pas-
HOCTb MeXay HabnioaaeMbIMM 3HAYeHWAMU 3aBUCUMOM
NepeMeHHON M TeEMU eé 3HaYeHUAMM, KOoTopble MpefcKa-
3bIBaOTCA PErPECCUOHHOM Mofenbio. TakoM aHanm3 MoXHO
BbIMOAHWTL C NOMOLLbI0 GYHKLUMKM AHanus ocTaTKoB npo-
rpammbl STATISTICA 10. Ina atoro B nogMomyne aHanu3a
0CTaTKOB HEOHXOAMMO HaxKaTb KHOMKY HopMasbHbIl 2pagux
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0CMamKoB, B pe3ynbTaTe Yero Nosy4uM COOTBETCTBYIOLLIA
rpaduk (puc. 9).

W3 npeacTaBneHHoro Boile rpaduka, BUAHO, YTO BCe
TOYKM OCTAaTKOB HaXoAATCA MPAKTUYECKU Ha OJHOM JIUHWH,
Criefi0BaTesIbHO, MOMHO cfienaTb BblBOA 06 afieKBaTHOCTY
MoSy4eHHOr0 YpaBHEHUA Perpeccuu.

BbIBOAbI

AHanus pesynbTaTtoB IKCMEPUMEHTaNbHBIX UCCeno0Ba-
HUI NO3BOIUA MONYYNTb YPaBHEHME PErPecCMM, KOTOpoe
afleKBaTHO OMWCLIBAET CTerneHb BAWAHUA HE3aBUCUMBIX
$aKTOpPoB Ha KOIOPULIMEHT NPUBNIUMKEHUA K ITaNoHy &, .
BhifABneHo, Uto Ha Ka4ecTBo 06paboTku Haubonbluee BAMA-
HWE OKa3bIBaeT ycunne, CO34aBaeEMOe NpYHMHaMU CHaTUA
0[IHOTO YMNIOTHUTENA, @ HAUMEHbLLEe — CKOPOCTb ABUMKE-
HUA KaTKa.

TaKKe BbIfIBNEHO, YTO MaKCUMarbHOe 3HaueHue K,
Mpy WCMONb30BaHUM NPeaaaraeMoro npy*uHHO-BOJTHOBO-
ro Katka coctaenqAet 0,81. Takoe KayecTBO NpuKaTbiBaHWUA
LOCTUraeTcA NMpU CKOPOCTU [BUMKEHMA KaTKa v = 11 KM/y,
CYMMapHOM YCUAIUK, CO3aBaEMOM MpYHUHAMU CHaTWA 0[-
Horo ynnothutensa C = 1750 H n Macce 6annacta m = 70 Kr.
MaKcuManbHbIA k., gocTuraeMblid npu pabote cepuiHo
BbInycKkaeMoro Katka KK3-6, coctaenset 0,57, uto Ha 42,1%
XyrKe, YUeM y npeanaraemoro Katka.

NOMNOJTHATEJIbHO

Bknap aBtopoB. [lpowkuH B.E., lpowkmu EH. Kypy-
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