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Abstract

Introduction. Soy is a heat— and moisture-loving crop. Most of it is cultivated by irrigation, because to
obtain one ton of product, it is necessary to spend on average at least 3000 m3 of water. As for obtain-
ing sustainable harvests in the arid zones of the lower Volga region, water costs increase by 1.2...1.3
times to obtain the same volume of production. However, this crop is highly valued on world markets
for its high content of high protein, high yield, and the possibility of low-cost processing to obtain vari-
ous types and food products. Soy is a very common product in animal husbandry, especially in pig
farming. It is known that the best results in terms of yield and quality of soybean grain are achieved by
using mineral fertilizers. At the same time, 17-18% of fertilizers are lost due to their washing into the
lower layers of the soil. However, when cultivating soybeans under irrigation, it is necessary to take
into account that up to 20% of the costs for obtaining stable yields fall on the supply of irrigation water.
It is possible to reduce the cost of water and fertilizers in soybean cultivation by using hydrosorbents,
often called hydrogels. At the same time, given that hydrogel is a rather expensive product (up to 500
rubles per kilogram), it should be applied only in the row area and below the bottom of the seed groove
by 0.05 ...,06 m. Object. For the processing object, the technological process of sowing soybean
seeds under irrigation was selected simultaneously with the hydrogel section of the seeder equipped
with additional devices to reduce the cost of irrigation water by applying enriched hydrogel. Materials
and methods. For the research, the following were used: a section of a seeder equipped with a furrow
cutter and a side sealer and riggers for removing the dry soil layer, as well as measuring instruments;
recommended methods for conducting such experiments; the reliability of the experiments was deter-
mined using digital methods. Results and conclusions. To increase the efficiency of soybean cultiva-
tion in irrigation and reduce the cost of irrigation water, as well as fertilizers, special hydrosorbents are
used-hydrogel. Due to the physical characteristics of this substance, it accumulates a certain amount
of moisture in its volume, along with fertilizers dissolved in it, and then, as the volume of moisture in
the soil decreases, it transfers it through the root system to the plants themselves. To embed the hy-
drogel into the soil, a section of the seeder has been created, with a furrow cutter and a side seal
mounted on it. The section is protected by patent for invention No. 27322452. Studies related to the
oscillation of the coulter were carried out using sensors that transmit signals to an analog digital con-
verter (ADC) and then to a computer. The results were processed based on the recording of harmonic
oscillations and the obtained spectral density. Based on the data obtained, graphs are plotted for
changes in the resistance of the section as well as the angles of oscillation of the coulter depending on
the speed of movement. In particular, the limit values of the spring tension limits should not exceed
350 n/m, at a speed of 2.5 to 3.0 m/s, while the limits of the change in the force of turning the wick, "y"
are 40°...50° and the resistance force changes its values from 22H to 35H for each the section.
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NMPUMEHEHWE TEOPUU TAPMOHUWYECKUX KONEBAHUN B UCCINNEOOBAHUAX CEKLUUNA
CEANKW NPU NMNOCEBE COU C TMAPOIEJIEM HA OPOLUEHUU

LUennseB A. H., 00kmop cenbCKoxo350CmeeHHbIX HayK, rnpogheccop

Bcepocculickutli HayyHo-uccrnedogamernbCKul UHCMUMym opowaemoz2o 3emnedenusi-gpunuan gpedepanbHo20
2o0cydapcmeeHH020 6100XKemHo20 Hay4Ho20 y4Ypex0eHusi « DedeparibHbill HayYHbIU UeHmp 2uOpoOmexHuUKU u
menuopayuu umeHu A. H. Kocmsakosa»

2. Bonieoepad, Poccutickasi ®edepayusi

AxtyanbHocTb. Cos — Tenno- 1 Bnaronobunsas KynbTypa. bonblwas ee yacTb Bo3genbiBaeT-
CS Ha OpOLUEHUN, T.K. AN NOMYYEHNA OAHOM TOHHbI MPOoAyKTa HEOOXOAMMO 3aTpaTUTb B CPEAHEM He
mMeHee 3000 m* Boabl. YTO KacaeTcs MONYYEHUS YCTOMUMBBIX YPOXAEB B 3aCyLUNMUBLIX 30HaX HuxHero
[MoBOMKbSA, TO HA NOTyYEeHUE TOro e obbema NpoayKuMu 3aTpaTthl BoAbl Bo3pacTtatoT B 1,2...1,3 pasa.
OpHako aTa KynbTypa BbICOKO LEHUTCA Ha MUPOBLIX PblHKaX 3a MOBbILEHHOE COAepXaHue NerkoycBo-
seMoro 6erka, BbICOKYH YPOXXaWHOCTb, BO3MOXHOCTb HM3KO3aTpaTHOM nepepaboTku Ans nonyyeHus
pasnu4yHbiX BMOOB U NPOAYKTOB MuUTaHus. Cosi BeCbMa pacnpoCTPaHEHHbI NPOOYKT B XXMBOTHOBOA-
cTBe, 0CO6EHHO B CBMHOBOACTBE. VI3BECTHO, YTO Hauny4ylwue pesynbTatbl C TOYKA 3PEHUS NONyYeHus
YPOXXaNHOCTMN M Ka4YecTBa 3epHa COM AOCTUralTCs NPU UCNONb30BaHMM MUHEpParnbHbIX yaobpeHui. Mpu
aTom 17-18 % ynobpeHuin TepsieTcs 3a CHET UX MPOMbIBAHUSA B HMXHME criom noyBbl. OgHako npu BO3-
OernblBaHUM COM Ha OpoLLeHUn HeobxoaMMOo yuuTbiBaTh, YTo Ao 20% 3aTpart Ang nonyyvyeHus ctabunb-
HbIX YpPOXXaeB MPMXOAUTCA Ha nogady opocuTenbHown Boabl. COkpaTUTb 3aTpaTbl Bogbl U yAoOpeHun
npu Bo3AenbiBaHUU COM MOXHO 3a CHET MCMOSb30BaHUSA rMAPOCOPBGEHTOB, YacTO Ha3blBaeMbIX rMapo-
rensamu. MNpu aTom, yuuTbiBas, YTO ruaporesls AOCTAaTOMHO AOPOrocTosLWw M npoaykT (ao 500 pybnen 3a
Kunorpamm), BHOCWUTb €ro crnegyet TOMbKO B 30HY psiAka M HWXKe [Ha NOCEBHOW 6opo3gku Ha
0,05...0,06 M. O6BbekT. [Ina o6bekta 0b6paboTkM Bbin BbIOGPaH TEXHOMOFMYECKUI NPOLIECC MOCEBaA Ce-
MSIH COM Ha OPOLLUEHMN OOQHOBPEMEHHO C rMAPOrerieM CEeKLMEN ceankn, 0bopyaoBaHHOW JONOSTHUTENb-
HbIMW YCTPOWCTBaMW AONS1 CHMKEHMSA 3aTpaT OPOCUTENbHOW BOAbI, 32 CYET BHeCEHUs oboraleHHoro
rmgporens. Matepuanbl u metoabl. [1ns npoBegeHUs uccnefoBaHUM NPUMEHUIUCH: CEKLNST CESANKN,
OCHaLlEHHasa 6opo3gope3oM U BOKOPE3OM-YNNOTHUTENEM U PULKEPAMU AN CHATUS CYXOro Crosi nou-
Bbl, a8 Takke M3MepuTernbHble NpuMOOpPLI; peKOMEeHOOBaHHbIE MEeTOOUKM ANnA npoBefeHus noaobHbIX
ONbITOB; AOCTOBEPHOCTb OMbITOB OMNPEAENANN C UCMOSb30BaHNEM LUGPOBLIX CNocoboB. PesynbTaThl
M BbiBOAbI. [INd NoBbllWeHNs 3(PHEeKTUBHOCTN BO3AENbIBAHNSA COM HA OPOLUEHUM U CHUXEHUSA 3aTpat
OpOCUTENbHOM BOAbI, @ Takke Npu yaobpeHun NpuMeHST cneuunarnbHble rMapocopbeHTbI-rMaporesb.
3a cyeT hnsnyeckmx 0CObEHHOCTEN 3TOrO BELLECTBA OH HakanIMBAaeT B CBOEM 0ObeMeE onpeaeneHHoe
KONU4ecTBO BNaru, BMecTe C paCTBOPEHHbIMU B HEN yaobGpeHusmMu, a 3ateM, N0 Mepe CHMXKEHUS 06b-
eMa Bnaru B no4Bse, NepefaeT ee Yepe3 KOPHEeBYH CUCTEMY CaMMM pacTeHuaM. [1nsa BHeceHus rmgpo-
rens B NOYBY CO34aHa CEKUUS CEeANKKU, C YCTaHOBIEHHBIMU HA HEW puaxepamu, 60po3gope3om n 6oko-
pe3om-ynnotHutenem. Cekuus 3awumiieHa nateHToM Ha m3obpeteHne Ne 2732452. ccnepoBaHus,
CBsi3aHHble C KOoNebaHMeM COLUHMKA, NPOBOAUIINCL C MPUMEHEHMEM OATHMKOB, NMepedatoLlimx CUrHanbl
Ha aHanoroBbIN LndpoBon npeobpasoBatenb (ALUIM) n ganee Ha komnbtoTep. O6paboTka pe3ynbTaToB
BbIMOSHANAack Ha OCHOBE 3anucy rapMoHUYecKnx korebaHui n Nofy4eHHON CnekTpanbHOW NIIOTHOCTMU.
Mo nony4yeHHbIM AaHHBIM NOCTPOEHbI FPadUKN N3MEHEHUSI CONPOTUBINEHNS CEKLMM, @ TAKXKE YIIoB KO-
nebaHus COLIHWKa B 3aBUCUMOCTW OT CKOPOCTW ABMXEHUS. B YyacTHOCTU, NpedenbHble 3HaYEeHUS HaTS-
XEHUA MPYXMUHbl HE OOMKHbI npeBbiwaTb 350 H/M, npu ckopoctn oT 2,5 go 3,0 m/c n3ameHeHue yrna
nosopoTa rpaaunsi, «» coctasnsino 40°...50°, a cuna conpoTtuenexust konebnetcs ot 22H ao 35H Ha
KaXgyo CeKuumto.

Knroyeebie crioea: cekyuu cesifiku, cemeHa cou, audpocopbeHm, 2apMoOHUYecKue KornebaHus,
b6okopes-ynnomHumers.

Lutnposanme. Llennses A. H. NpumeHeHne Teopum rapMOHMYECKUX KonebaHun B UCCNeaoBaHUSAX CEKLUN
Cesnkn Mpu MNoceBe COWM C rugporeneMm Ha opoweHun. M3zsecmussi HB AYK. 2024. 3 (75). 376-385.
DOI: 10.32786/2071-9485-2024-03-43.

ABTOpCKMﬁ BKnaa. ABTOp HacTodALllero nccnegosaHua npuHMMan HenocpeacTtBeHHoOe ydacTtue B niaHupoBaHUK, Bbl-
NONHEHNUN UnNn aHann3e AaHHOro uccneagoBaHu4. ABTOp HaCTOFILLl,eVI CTaTbM O3HAKOMUICA U O/J,O6pVIJ'I I'Ipe,EI,CTaBJ'IeHHbIVI
OKOHYaTenNbHbIN BapuaHT.

KoHdnukT nHtepecoB. ABTOp 3asBnsieT 06 OTCYTCTBUM KOH(DNNKTA MHTEPECOB.
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BBepeHue. Cos — ogHa M3 OCHOBHbIX BbICOKOYpPOXKanHbiXx 60060BbIX KynbTyp, obecneyn-
BawoLaa HeobxoaMMbIM KonnyecTsoM Genka B NepByl ovepenb XMBOTHOBOACTBO, @ Takke He-
obxoaumyto YyacTb paunoHa nuTaHusa Yernoseka [2, 5, 8]. OTmevaeTcs, 4TO 3Ta KynbTypa BO3ae-
nbiBaeTcs npaktuieckn B 6onblunHcTBe cTpaH JlatuHckon Amepukn, CLUA, Bpasunun, Poccuin-
ckon degepauun 1 T.4.. TONbKO 3a nNocnegHue 7...8 neT BanoBbIn cOOpP COM BO3POC NPaKTUYECKM
0o 3,0% gocturHys B 2021 r 352 mnH.T., B nocrniegytowem Kk 2030 rogy oH MOXeT BO3pactu 4o
411 mnH. T [11]. Ana pocTmkeHns 3TOro nokasatens npoBoantca Heobxoammasi paboTta no ce-
NeKLMn COpTOB, HOpPMa NoceBa TEXHOMOrMKU, CEBOOOOPOTHI, paclUMpPeHUs NNoLLaaen nog ykasas-
HYIO KynbTYpYy 1 apyrue MepornpuaTua no nosbILLEHUIO ypoxanHocTu [1, 4, 6, 7].
OpHako criegyeT OTMETUTL, YTO COA BeCbMa Bnarontobusas KynbTypa v Ang nonyyeHus

OAHOW TOHHbI Npoaykumn Heobxoammo 3atpatutb oT 500 go 1000 M3 OpocCUTENBbHOK BOAbLI Npu
nonuee goxagesaHuem [1]. NMoaTomy Hammn NpegnaraeTcsa B LEensiXx 3KOHOMUKM BOAbl MCMOMb30BaTh
rmgpocopbeHTbl. OHM cnocobHbI HakannmMBaTb Briary npu ee mM3dbITKe, a 3aTeM nepegaBaTb 4e-
pe3 KOpHEBYIO CMCTEMY pacTeHusaM. [1pyn aToM cnenyeT yunTbiBaTh, YTO HAa OCHOBaHUM 1ccneno-
BaHWI, NPOBEAEHHbIX MHOMMMU aBTOpaMu, MO OUEeHKE NPUMEHEHUS rmaporensi B CerbCKOM XO-
391CTBE, HaMny4vwun ero adhdekT JocTMraeTcs npu ero BHeCeHUn Bmecte ¢ yaobpenunamu [9].
[lokasaHo, 4YTO B Takux BapmaHTax BHECEHUSI SKOHOMUTCS He TOSMbKO BOAA, HO U yaobpeHus, no-
CKOIMbKY OCHOBHasl MX 4acTb Haxo4MTCA B 30He nogayuv rugporens. B nccnegosaHmax 60nbLINH-
CTBa aBTOPOB rnaporenib CnocobCcTBYeT yNydlleHWo KadecTBa NoYBbl, NOBbIWas KOIPPUUMEHT
CTpYKTypHOCTM Ha 15...20% [3, 12, 13]. CneayeT Takke OTMETUTb, YTO rmaporesnb — 4OCTAaTOYHO
poporon npoaykt. Ero ueHa konebnetca ot 400 go 600 py6. 3a 1 kr B 3aBMCMMOCTM OT NPOU3BO-
autensa n cnocobHocTn Kk abcopbumn Bnaru [9]. NMoaTomy npeanaraeTcs BHOCUTb €ro SlokarnbHO
BMeCTe C yoobpeHnsmMu B 30HY psigka noceBa ceMsiH cou. MaluuH, cnocoBHbIX BbINOMHATL YKa-
3aHHYI0 Onepaumio NPOMBILLSIEHHOCTb He BbinyckaeT [10]. B cBA3n ¢ 3TMM Hamu pa3paboTaHa
cesrnka, 3aluueHHasi naTeHTom Ha u3obpeTeHne Ne 2732452, 6ion. Ne 267¢. 16.09.2020 r.

MaTtepumanbl 1 MeToAabl. YCOBEPLUEHCTBOBAHHAA cesfika 0bopyaoBaHa CEKUMAMM, Ha KOTO-
pbIX CMOHTUPOBaHbLI AOMNONMHUTENbHbLIE YCTPONCTBA. [NA 9TOM Lenu Ha CeKuMo yCTaHaBnmMBaroT 6o-
po3gopes, cMeLlas ero Bnepen U B 60K OTHOCUTENBLHO OCU COLLHMKA. Kpome 3Toro, 3a COLUHMKOM
ycTaHaBnuBaloT 6okopes-ynnoTHuTenb. MNpy BpaweHun oH obecneyvBaeT npopesaHne BRaXXHOro
cnos noyBbl ¢ 6oKOB 0Opa3oBaHHOM 6OPO3abl U 3aKpbITUE UM ceMsiH cou. MpyXnHa co3paeT Heob-
XOOMMOE [aBrieHne, CnocobCTBYA YNMOTHEHMIO NOYBLI HAA cemeHamn. Cyxoln Cromn NoYBbl COBUra-
€TCs LWEeTKOW B 30HY psigKa, MyrnbYnmpyst Takum o6pa3om ero AHEBHYHO MOBEPXHOCTb.

lMocKonbKy B KOHCTPYKLNIO COLUHWKA BHECEHbI M3MEHEHMSA 3a CHET YCTAHOBKW NOAMNpPY-
XWHeHHoro 6oposgopesa-ynnotHuTens, 1o, 6e3ycnoBHO, ero paboTa okaeT BO3ENCTBME Ha
YCTOMYMBOCTb XO4a BCero collHuka. [ns npoBefeHUs aKCnepuMeHTanbHbIX UccreaoBaHum
no onpegeneHnto yCTOMYMBOCTU COLHMKa npu paboTte Gbina paspaboTaHa MeToauka n U3ro-
TOBMEHO Heobxogumoe nabopaTopHOoe obopydoBaHWEe, a Takke MNOAroTOBMEHbI Heobxoau-
Mble n3MepuTenbHble NpMbopbl MO UCCREeOoBaHMI0 rapMOHMYECKUX KonebaHui cowHuka. B
OCHOBY TEOPETUYECKOM YacTu MeToaukuM Obinu nonoxeHbl anddepeHunanbHble ypaBHEHUS
NIMHENHOrO BMAa C HEM3MeHHbIMKU KoadhdurumneHTamm Buaa. (Beirogckmin A. A. «CnpaBoYHUK
no Bbiclwen matemaTuke», M. 1989 r.)

(Bnq + Bpo1@™ 1+ + B1q + Bo)y(t) = (Cou@™ + Ce1q™ 1+ + C1q + Co)x(8), (1)
roe q = i— onepartop anddepeHLMpoBaHNS.

McknioumB HEKOTOPbIE NMPOMEXYTOYHLIE MaTeMaTU4eckne NpeobpasoBaHns, HanpaBneH-
Hble Ha yNpoLLEHNE YPaBHEHUS], 3@ CHET rPYNNMPOBaHNS OOHOPOAHBIX YNEHOB U T.4. NPUXOAUM K
06LLEeMY BbIpaXXeHWIO:

d" o "t o d ooy
Bn 3w (U(i0)e'" + By =y (u(iw)e'®t) + -+ + By ™ (n(iw)e®) + -+ + By 3 (u(w)e™) +
dam m—1

. . - . k . . .
Bo(u(iw)e'®t = Cryzme' + Cpg :tm—l et 4. Ck%e“*’t + -+ Clie“*’t + Cpel®t, (2)

roe ,u(ioo) — KOMIMIEKCHbI MHOXUTENb, @  — YacToTa rapMOHNYECKMX konebaHuni CoLHmKa.
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[Nanee rpynnupyem uneHbl ypaBHEHWst U BBOAUM 0603HaueHus1, cumtas, uto u(iw) — He-
koTopbIt MHorouneH B,,(q), a nepByto yacTb ypaBHeHust o6o3Haqvaem kak C,, (iw), Toraa

Cm(iw)
Bn(q)

pliw) = 3)
MonyyeHHas dopmyna (3) — 3To amnNNUTyaHO-ha3oBasi YacTOTHasA XapaKTepucTuka nu-

HEeWHON cucTeMbl. ECnn NpUHATL Matematmdeckoe oXuaaHus BO3AENCTBUS NMo4uBbl Ha Bokopes-

YNNOTHUTENDb KaK rapMoHu4eckme konebaHmsa HyneBor 4acToThl, T.e w=0, TO 13 BblpaxeHus (3)

Cm(0) G
0)="—===2, 4
n(0) B.00) — 36 (4)

MaTtemaTtuyeckoe oXxugaHve yrna HaknoHa rpaanns 6okopes-ynnoTHUTENb K NMOBEPXHO-
CTW B BUAE PYHKLMK m, OyaeT npedcraBneHo Kak:

my, = 2m,, )]

Bo
roe mx — MaTemMaTun4yeckoe oxungaHume peakunm noyebl, NoJ1y4eHHOE Mo pesynbTaTtaM onbiTa.
HanpgeHHble BbipaxeHus (4, 5) BNOMHE NPUMEHUMbI 47151 HAXOXAEHWUS HEKOTOPOW aBTo-
KOPPEKUMOHHON (OYHKLMMK fx(v). Torga, npuMmeHnB npeobpasoBaHne, MONYYUM CHEKTPasbHYH

NNOTHOCTb HaA BXOAE:

17 |
T(w) = o j f@)e vy ©)

CraumoHapHas cnyyainHasi doyHKUmMs npeobpas3oBbiBaeTCs C Y4ETOM BblpaxeHus (3) u
npeacraBnsieTcs B BUAE:

Ty(w) = |u(io)*f, (®) (7)

3nauenue |u(iw)|? Haxo AT Mo BelpaXkeHUI0(3).

Mony4eHHoe BbipaxeHue Ty (w) — BEJMYUHACIEKTPATbHOUIIJIOTHOCTH.

MpogonbHas yCTOMYMBOCTL HOXa-ynroOTHUTENSI OLEeHMBanacb Agucnepcvein U3MeHeHus
yrra HakmnoHa rpsgunsi K NoBepXHOCTU MOYBbI, @ MOCKOMbKY

C, = vy(0), (8)
TO (*)yHKLI,I/IFl cneKTpaanoﬁ NJIOTHOCTU 3annLueTca B Buae:

C,=2 f°‘(’) Ty(w)dw (9)

MonyyeHHoe ypaBHeHue (9) BMOMHE MPUMEHMMO AOM1s1 HAaXOXOEeHUS CyMMapHOW Crhek-
TpanbHOM NAOTHOCTU MPU Pa3fMYHbIX U3MEHSIIOLLMXCA KUHETUYECKUX U OUHAMUYECKUX NapameT-
poB ©oKope3a-ynrnoTHUTENS, @ TakKe CTOXaCTMYECKMX BESIUYMH MOYBbI, KaKk OUCKPETHON cpenpl.
Takum 06pa3oM, OLEHMBAETCS KOMMITEKCHOE BIUSIHUE PEXUMOB paboTbl BoKope3a-ynnoTHUTENS
Ha YCTOMYMBOCTb XO4A COLUHMKA B BEPTMKANbHOMN MITOCKOCTMU.

VccnenoBaHusa no u3dydeHuo BMMSHUSA napameTpoB Mo4YBbl U Bokopesa-ynnoTHUTENs
Ha YCTOMYMBOCTb COLUHMKA BbIMOMHANNCE B NOYBEHHOM KaHane BonlAY. lNMoatomy paccmart-
puBaeM CXemy CekuuM, a Takke OOLMIA BUL U CXEMY MOHTaXa AaT4YMKOB 0e3 coeanHEHUs nx
C TENEXKOMN.

Ha pucyHke 1 npeacrtaBneHa cxema paboden 4acTy CeKUuUn Cesriku ans nocesa ceMsiH
COM Ha OpPOLLEHMM.
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PucyHok 1 — Cxema pabo4der YacTu CeKLMn Ceankn Ansi nocesa cemsH Cou ¢ rmaporenemM Ha OpoLLEHUM
[JoBoraleHHbIn rmaporenb; ] ceMeHa; 1 — COLHKUK; 2 — puakepsbl; 3 — BbiCEBaOLWLMI annapar; 4 — NpUBOA;
5 — npyxuHa; 6 — noBoaokK; 7 — 3BeHO; 8 — LweTka; 9 — onopHbI katok; 10 — 6okopes-ynnoTHuTens; 11 — rpsaauns;
12 — 6opo3gopen; 13 — NsATa COLUHUKA.
Figure 1 — Diagram of the working part of the section of the planter for sowing soybean seeds with hydrogel for
irrigation [ enriched hydrogel; (1 seeds; 1 — coulter; 2 — riggers; 3 — seeding apparatus; 4 — drive; 5 — spring;
6 — leash; 7 — link; 8 — brush; 9 — support roller; 10 — side cutter sealer; 11 - bed; 12 — furrow; 13 — ploughshare.

Mpw paboTte cowHKK 1 paspesaeT noysy N5t obpaszoBaHNa 6OpO3dKN M Nodaqn CEMsIH COM.
Puoxepbl 2 cHMMaIOT CyxOK Crnou, caBurasi ero B CTOpoHbl. boposgoaen cosgaet Hke AHa nocesa
cemMsH 6opo3aky nog rmgporenb. CemeHa BbiceBalOLWMM annapaTtomM 3 HanpaenaTcs B 60po3aky, a
rmaporenb — B Nofbin 6opo3goaen, 6okopes-ynnotHuTens 10 cpesaeTt BnaxHbIn cnon ¢ 6okos 6o-
PO30KM U 3aKpbIBAET CEMEHA U rMApOorenb, YNAOTHAS NpY 3TOM MOYBY 3a CYET NpYxuHbI 5. Ha onop-
HOM KaTke 9 nepemeLLaeTca cekums, a WeTka 8 MynbuMpyeT BRaXKHbIN CIOM CyXOW MOYBbI.

BoamoxHble konebaHusi ColHWKa B NPOJONbHO-BEPTUKANbHOM MOCKOCTU OKasbiBalT OC-
HOBHOE BMMSIHWE HA PaBHOMEPHOCTb MMyOUHbI 3a4eNKM CEMSIH COM Ha OPOLLEHUM U AOCTVXKEHMS ar-
poTexHonornyeckux TpeboaHun Ha noceB. OCHOBHLIM (haKTOpOM Npu paboTe COLIHUKA ABNSIETCA
CKOPOCTb OBWXEHUSA arperata, no3ToMy BCe U3MEHEHWUst (OyHKUMWM OMHAMUKU NMOBEAEHUS COLLHMKA
MOCTPOEHbI B 3aBMCUMOCTI OT CKOPOCTU. CxemMa U3MepsieMblX CUI 1 UX NPOEKUMI NpeacTaBneHa Ha
PUCYHKE 2, a CXxema MOHTaXa aTdvka nsmepeHnst konebaHum npeacraBneHa Ha pucyHke 3.

PucyHok 2 — Cxema [eNCTBUSA M3MePSeMbIX CUI Ha aKTUBHBIN GoKkopes-ynnoTHUTeNb
Figure 2 — Diagram of the action of the measured forces on the active side sealer
Pn — ycunue npyxuHbl, H; PF — Chna T4rn BOONb rpaguna, H; Rg — CyMMapHasa peakuua no4Bbl Ha HOX-
’ "
YNNOTHUTENb, H; R u R — BepTuKarnbHaa U ropn3oHTaribHaa npoekunmn Rg, H, W - yron HakrnoHa rpaguna K ro-

o ’
pusonty, ¥ ; A — npoekumsi KOPOTKOrO Nneya rpsauns.
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PucyHok 3 — O6LmMin BMA 1 cxema MOHTaxa AaTynkoB Gokopesa-ynnoTHUTeNs
1 — COLWHMK; 2 — AaTymK TEH303BEHA; 3 — BOKOpPEe3-ynnoTHUTEND; 4 — AaTYMK yrna; 5 — ynpyroe 3BeHo;
(a) o6wmn Bug; (6) cxema MOHTaXxa A4aT4MKOB
Figure 3 — General view and mounting diagram of the sensors on the side seal
1 — coulter; 2 — strain gauge; 3 — side sealer; 4 — angle sensor; 5 — elastic link; (a) general view;
(b) sensor mounting diagram

HepaBHOMepHOCTb paboThbl COLIHMKA BbI3biBalOT aBToKonebaHus, a Takke paboTta akTuB-
Horo 6okopesa-ynnotHutens. Ero pabota paccmartpuanacb paHee, B OnbiTe HEO6X0ANMO YCu-
nne NPY>XuHbl, a TaKkKe peakums NOYBbl B 30HE YNIOTHEHNUS.

Pe3ynbTathbl M BbiBoAbl. Pe3ynbTathl 9KCNepumMeHTa Obiny 3anncaHbl ¢ UCMNoNb30BaHu-
em AL B undposom Buae, a 3ateM obpaboTaHbl METOAOM OpAVHAT U NpeAcTaBrneHbl B BUae
rpacomKoB Ha puUCyHokK 4 (a, 6, B).

350
S
o y=23x+230 /\,-mVAn
z 300 R 00887 p=20x+ 220
8 / = ’ n(x)+ 154,94 R*=
@ 250 RZ=0
o y =59,559In(x) + 170,18
E 200 R =0,9925
3
S /

150 : : ; :

1 1,5 2 2,5
CkopocTb

PucyHok 4a — [iuHaMuka M3MeHeHUst napaMeTpoB B 3BEHbSAX KpeNneHns 6okopesa-yrnnoTHUTEnNs
(npn R,;,=200 H/m)
Figure 4a — Dynamics of parameter changes in the fastening links of the side seal (at R,,=200 n/m)
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PucyHok 46 — InHamuka namMeHeHns napamMmeTpoB B 3BEHbSAX KpenneHust 6okopesa-ynnoTHUTENS
(npu R, =350 H/m)
Figure 4b — Dynamics of parameter changes in the fastening links of the side seal (at R,,=350 n/m)
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PucyHok 4B — [InHamunka n3aMeHeHusl napaMeTpoB B 3BEHbSX KpenneHnst Gokopesa-ynnoTHUTENSs]
(npn R,;,=500 H/m)
A-A — ycunuve B rpagunu; o-o — CONPOTUBIIEHNE HOXA; X-X — FTOPU3OHTarIbHOE COMPOTUBIIEHNE HOXA;
0-0 — U3MEeHeHue Y; 0-0 - BepTuKanbHOe CONPOTUBIEHNE HOXA.
Figure 4v — Dynamics of parameter changes in the fastening links of the side seal (at R,;=500 n/m)
A-A — force in miles; o-o — resistance of the knife; x-x — horizontal resistance of the knife; o-o — change y;
0-0 — vertical resistance of the knife.

55
50 | y = 2,2945In(x) + 43,403
R?=0,9594
y =-2,931In(x) + 48,32
a5 R2=0,9316
y =-6,034In(x) + 51,544
R%?=0,9235
40
1 1,5 2 2,5 3

PucyHok 5 — NameHeHuWe yrna noBopoTa rpsaguns oT CKOPOCTU ABUMXEHUS arperata
0-0 - 200 H/™m; o-O0 — 350 H/M; A-A — 500 H/M
Figure 5 — The change in the angle of rotation of the steering wheel depends on the speed of the unit
0-0 - 200 n/m; o-o — 350 n/m; A-A — 500 n/m
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MockonbKy npyuHa Gokopesa-ynnoTHUTeNst byageT okasbiBaTb OCHOBHOE BIIMSIHME Ha
YCTOMYMBOCTb XO4a COLLUHMKA, OHa NpeaBapuTENnbHO HacTpavBanachb Ha ONpedeneHHoe ycunue
HaTskeHna (200 H/m; 350 H/m; 500 H/m). OgHOBPEMEHHO NPOBOAUNIACE 3annCb C AATYMKOB YCU-
nuiA B rpsiaune 4epes TEH303BEHO M GOkopes3a-ynnoTHUTENS yrna noBopoTa rpsiavnst OTHOCU-
TENbHO TOPM3OHTANbHOW MNOcKkocTU. [na onpegeneHuMst peakTUBHOWM cunbl  Bokopesa-
YAOTHUTENS UCMONb30Banuncb OPMYIbl FOPU3OHTaNbLHOM U BEPTMKANBHOM MPOEKUMUA peakTUB-

N 3 (75), 2024

Hou cunbl R 1 R koTopble paccumTbiBany no gpopmynam:R =R¢sin€; R =R¢cosE.

PaccmoTpumM 3aKOHOMEPHOCTU M3MEHEHUA napaMeTpoB paboTbl Bokopesa-ynnoTHUTENS,
a Takke n3nyeckmne ABNEHNA NPOXoaALLMX NPOLECCOB.

UTo KacaeTca uaMeHeHus cunbl B rpsigune (P,.), a no cywecTBy cunbl TAru, To OHa npak-
TUYECKM COOTBETCTBYET 3aKOHY MPSMO NPOMOPLMOHANbHOCTU CKOpPOCTU. [peaenbl M3aMeHeHus
He3HaunTenbHbl 0T 250H o 330H, a obbsacHsIeTCs Bce TeM, YTO BOKOpes-ynnoTHUTENb Npu pa-
6oTe BpauwlaeTca Ha ocu, NpM 3TOM Cpe3 NoYBbl C OTKOCOB ©OpO3akM Bcero Ha rnyouHy
0,015...0,02m, a cpesaHHas 4acTb NOYBblI NOgaeTcs K NPOUIbHON NOBEPXHOCTU YNIOTHUTENS.
paduk M3MeHeHMs conpoTUBMEHUA OOKope3a-ynnoTHUTENs, MO CBOEMY XapaKTepy COOTBET-
CTBYeT rpachvKy cunbl TAMM, HO €ro 3HayeHne M3MEHEHUS HECKONbKO MeHbLUe W COCTaBnsaeT
230H...320H. Yron nosopoTa rpaguns «W» yBenuuMsaeTcs C yBeSIM4EHWEM CKOPOCTU, U 3TO
CBS3aHO C NOBEAEHMEM COLLUHMKA. AHanu3 ero paboTbl, NPeACTaBEHHbIN B UCCreqoBaHusX, OT-
paXKeHHbIX B CTaTbsIX, OMYONMKOBaAHHbIX B U3AaHMAX « BECTHUK» yKasbliBaeT Ha «BCMIbITUE» COLL-
HMKa NpY yBENNYEHME CKOPOCTU OBWKEHNS MalMHbl. COOTBETCTBEHHO, TOYKA KpenneHust rpaau-
NS K COLWHUKY (T. A pUCYHOK 2) NOAHMMAaETCs BBEPX, IPAaUb NOBOpPAYMBaETCA B LUAPHUPE «Ax»
no YyacoBow cTpernke 1 yron «W» yBenmunaeTcs.

Mpoekumn peaxkTMBHOM cunbl Bokopesa-ynroTHUTENS B (DYHKUMM BO3PaCTaHWsi CKOPOCTU

TaKkKe MEeHAKT NMOJIoXeHUdA, U X 3aBUCMMOCTU NpeacTaBnAloT cobon R — HEKOTOPYH 4YacCTb CUHYCO-

uapl, a R — kocuHycomabl. [Mpy yBENUYEHNM ckopocTy nepes 6oKope3om-ynnoTHUTeNnem opmmupy-
€TCS MOYBEHHbIV BaruK, Npu 3TOM €ro BbiCOTa Bo3pacTaeT Mpu MOBbILIEHUN CKOpocTU. MoaTomy ro-

pU30HTarbHas cocTaenstowas peakumm R ctaHoBuTcst Gonblue, a BepTukanbHasi R — yobiBaerT.
YkaszaHHas BenuuuHa uaMeHeHun ans R Haxogutca B npegenax 20...25 H, ans
R - (30...50) H. Kpome aToro, ysenunyeHue yrna «W¥» nonoxeHus rpsaauns okasbiBaeT BvsiHME

Ha 3HayeHue npoekumn cun R n R . Ha pucyHkax 4a, 6, B, npeacTaeneHbl rpaduki NonydYeHHble
B pesyrnbTaTe paHee OnnCaHHON MEeTOAMKM, HO MPU HaTSXKEHUM NPY>KUHbI BOKope3a-ynnoTHMTeNs
0o 350 H/m. Xapaktep ux M3MEHEHUN COOTBETCTBYET BbILLEPACCMOTPEHHBIM PUCYHOK 4a, npu
3TOM crefyeT yKa3aTb Ha MOBbILLEHVE 3HAYEHU BCEX paHee pacCMOTPEHHbIX BENWUYMH. Tak, cu-
na P, npu ckopoctn 1 m/c coctaensieT 4 H, a npu ckopoctn 3 m/c — 380 H. BennunHa yrna «W»

n3MeHsanacb ot 450,:(0 52°. 3HaueHme R okasanoch paBHbIM npu ¥ =1m/c — 27,5 H, a npu
9=3mc—245H, R —260 H.

Mpy yBENMYEHUM HATSXKEHWUSI NPYXUWHbI rpsguns go P, = 500 H nameHeHue Bcex pac-
CMaTpUBaEMbIX BENMUYMH HECKOMNMbKO MHOe. YTo kacaetcs cunbl Tarm P, v peakuumn Gokopesa-
YMAMOTHUTENS], TO UX 3HAYEHUsT BbIPOCMM MO CPaBHEHWIO C KpUBbLIMU rpaduka 66 1 coctaBunu: npu
9=1wm/c-P,=365H, R¢ =335H,anpud =3 m/c- P, =390 H, Rg = 360 H.

3HauyeHune yrna W npakTnyeckun octanocb HeEUM3MEHHbIM U Npn 3 = 1 m/c W = 480, a npu
9 =3 mcW =50. BenumHbl NPOEKUMN PEaKTUBHBIX CUM U3MEHWUNNCH HECYLLLECTBEHHO Ha

12...15 H, npu atom, 3HayeHne R okasanocb 6onblue, yem R . OTcioga crnegyeT BbIBOA, YTO Npu
HaTsKeHUN NpyxuHbl 4o P, = 500 H/M npnBoaNT K MUSBMEHEHUIO NMONIOXKEHUS COLLHMKA OT AENCTBUS
bokopesa-ynnoTHUTENS, YTO NPUBOAMUT K HapYLUEHMIO TEXHOMNOrM4eckoro npouecca. Noatomy ans
yKa3aHHOW KOHCTpyKUun Gokopesa-ynnoTHUTenNs n paboyen 4actm cekumm npeneribHoe 3Hade-
HWe HaTSXKEeHUs! NPYXUHbI rPAAMMIS He OMMKHO npeBbiwatb 350 H/M.

3akntoyeHue. B ctatbe paccmatpuBaeTCa KOHCTPYKLMSA paboyven 4acTu CeKkumn Cesnkv Ans
rnoceBa COM Ha OPOLLEHUN C BHECEHUEM MMOPOCOPGEHTOB, 3alliuilieHHasi NaTeHTOM Ha U3obpeTeHue
(Ne 2732452). MockonbKy COLHMK cesnkn goobopyaoBaH 6opo3gope3omM Ans nogayvv rugporens, a K
ero Kopme Kpenutcst 4OMONHUTENbHbIN rPsiAnb ¢ GOKOPEe3oM-YNNoTHUTENEM A1 3a4erKN CEMSIH Cou
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nocrne nocesa BraXXHOW MOYBOW, TO NPOBEAEHbl KCNEPUMEHTAIbHbIE UCCNEAOBAHNS MO HAXOXAEHWIO
OMHaMMYEeCKMX U KMHEMAaTMYEeCKUX napamMeTpoB COLIHMKA 1 Bokopesa-ynnotHuTend. Bce nabopatop-
Hble uccrnegoBaHnsa NPoBOAMMNCL B MOYBEHHOM KaHane Bonrorpaackoro MAY ¢ npMMeHeHuem cneum-
anbHOro obopyaoBaHus, uccnegyemMon KOHCTPYKUMK, a Takke komnnekca AL ¢ anekTpoHHbIM npe-
obpasoBatenem n 3BM. B TeopeTtuyeckon yactu mMeToauku npuMeHsnuck anddepeHumnanbHble
YypaBHEHUS NIMHENHOrO TUMa, C MOMOLLLIO KOTOPLIX NonyvyeHa OYHKLMA CneKTpansHoW nnoTHocTu. Nc-
nonb3ys ee, OLeHMBanNu KOMMNIEKCHoe BNMSHWE PEXUMOB paboTbl GOKopesa-ynioTHUTENS U YCTONYN-
BOCTb XoAa cowHuka. o pesynbtataM nccrnefoBaHuin NoNyyYeHbl rpadvkyn B 3aBUCUMOCTU OT CKOPO-
CTU OBWXKEHUSI OKPY)KHOCTW: M3MEHeHUs yrna nosopota rpaauns W — ero npegensl oT 40 1050°, no-
BblWweHne cunbl Tarm ot 250H go 350H, a Takke peakTMBHOrO COMPOTMBIIEHUS U3MEHSIIOLMECS OT
220H po 310H, npu nosbiweHun ckopocTtun, arperata oT 1,0 go 3,0 m/c. lNpeaenbHoe 3Ha4YeHUe HaTs-
XeHusa NpyuH rpsanng coctasnget 350H, pekomeHgoBaHHasi ckopocTb oT 2,5 go 3,0 m/c.

Conclusions. The article considers the design of the working part of the section of a seeder for
sowing soybeans under irrigation with the introduction of hydrosorbents, protected by a patent for an inven-
tion (No. ...). Since the seeder coulter is retrofitted with a furrow cutter for supplying hydrogel, and an addi-
tional bed with a side sealer is attached to its stern for sealing soybean seeds after sowing with moist sail,
experimental studies have been conducted to find the dynamic and kinematic parameters of the coulter
and the side sealer. All laboratory studies were carried out in the soil channel of the Volgograd State Agrar-
ian University using special equipment, the design under study, as well as an ADC complex with an elec-
tronic converter and a computer. In the theoretical part of the technique, linear differential equations were
used, with the help of which the spectral density function was obtained. Using it, the complex effect of the
operating modes of the side sealer and the stability of the coulter stroke were evaluated.

According to the results of the research, graphs were obtained depending on the speed of the
circle: changes in the angle of rotation of the keel W — its limits from 40°1050°, an increase in thrust
from 25H to 35H, as well as reactance varying from 22H to 31H, with an increase in speed, the unit
from 1.0 to 3.0 m/s. The maximum tension of the springs of the bed is 350N, the recommended speed
is from 2.5 to 3.0 m/s.
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Summary
The article presents the results of a study of the treatment of cucumber seeds of the Phoenix+ variety with
monochromatic yellow-orange radiation with a wavelength of 590 nm. Analysis of the results obtained re-
vealed the presence of a positive physiological reaction in the development of seeds, the growth of sprouts
and roots of seedlings, which suggests the possibility of using this kind of stimulation of vegetable seeds
before sowing. Planned studies on treating seeds with monochromatic yellow-orange radiation before sow-
ing into the soil will reveal the effect of this treatment on their yield and crop structure.

Abstract
Introduction. The intensive development of vegetable growing is directly related to the availability of
healthy seed material, which makes it possible to plan for obtaining a high-quality harvest in the quantity
required by the consumer. To realize the possibility of unlocking the full biological potential of cultivated
crops, a variety of stimulants are used today, among which are electrophysical methods and methods for
activating the internal reserves of seeds before sowing them in the ground. Such impacts, environmentally
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