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Abstract

Introduction. One of the important factors significantly influencing the production of hydrogel of melon crops is
contamination, and especially during their development from germination to the "Shatrik" phase. It is known that
the main part of melons (watermelons, pumpkins, melons, squash, etc.) are cultivated on light sandy loam soils,
with a feeding area of 1.0 to 6.0 m”*2 per plant. The area of nutrition depends on the type of crop being cultivated.
Before sowing melon seeds, pre-sowing tillage is carried out by cultivators to the depth of seed embedding. On
the 5th-6th day, and sometimes even earlier, weed shoots appear, the most active are root weeds (field aspen,
field bindweed, milkweed, etc.). It is known that the roots of these weeds reach a depth of 4.0 m. At the same
time, there is a branching of the root system, the main node of which is located at a depth of 7.0 to 10.0 cm. The
removal of weeds by conventional cultivators with flat-cutting paws is carried out by pruning them at a depth of
6...7 cm. A large depth is not recommended due to possible damage to the roots of cultivated plants, as well as
an increase in the width of the protective zone. It is known that after pruning, additional growth points are formed
at the site of the cut and the branching of the weed roots increases. The periods between treatments decrease,
which leads to unnecessary costs and an increase in cost has a detrimental effect on the soil, due to repeated
pruning, increases the protective zone of a row of melons, which is processed manually. Therefore, machines
with working bodies are needed to ensure combing of the root system of weeds. Object. As an object of re-
search, it is proposed to consider combing the roots of weeds together with the vegetative part with special work-
ing organs. Materials and methods. In theoretical studies, the Preston hypothesis was used in the form of a
mathematical model describing the destruction of a material due to the displacement of layers depending on the
limiting values of velocities and forces, taking into account the elastic properties of the material. Results and
conclusions. When cultivating melons, the most expensive operation is the care of crops and, first of all, the
treatment of crops from weeds. Therefore, a machine has been developed that can come out weeds by grabbing
them by the root system. Such a technological operation is provided by special working bodies in the form of sta-
ples, capturing the root at a certain depth and pulling it out from the lower layers of the soil. In order to theoretical-
ly find a condition that excludes pruning of the root at the place of its capture, a study was carried out and the
dependences of the displacement of the layers of the root crust on the force and speed of the action of the work-
ing organ were obtained. The limit values of the values are 2H.
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YOK 631.334
TEOPETUYECKOE OBOCHOBAHUE KWHEMATUYECKUX NMAPAMETPOB
BbIYECbLIBAIOLLEN MALLWHBLI ANA YOANEHUA KOPHEOTIMPbICKOBbLIX COPHAKOB

LUennseB B. A.,kaHOudam mexHU4YeCKUX HayK, doueHm

@Irb0Y BO Boneoepadckuli FTAY
2. Boneoepad, Poccutickasi ®edepauyusi

AKTyanbHOCTb. K 04HOMY U3 BaXHbIX (PaKTOPOB CYLLECTBEHHO BMMSIOLWMX HA MonydyeHue npo-
AYKUMM Bax4yeBblX KynbTyp OTHOCAT 3aCOPEHHOCTb M 0COGEHHO B Mepuoa WX pasBUTUS OT BCXOAO0B A0
dhasbl «LLaTpuk». N3BecTHO, YTO OCHOBHas YacTb 6axyeBbix (apby3bl, ThIKBbI, OblHW, NATUCCOHbLI U T.4.)
BO3/1eMNbIBAETCA Ha NErkux cyrnecyaHbix Nnoveax, ¢ nnowanso nurtaHua ot 1,0 4o 6,0 m? Ha ogHo pacTe-
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Hue. lNMnowaab NUTaHNs 3aBUCUT OT BUAA BO3aesnbiBaeMon KynbTypbl. [Nepen noceBoM ceMsiH 6axyeBbix
npoBoaAT NPeanoceBHy0 06paboTky MoYBbl KyrnbTuBaTopamu Ha rnybuHy 3agenku cemsH. Ha 5...6-om
AEeHb, a NHOrAa W paHblle, NOSIBASOTCA BCXOAbl COPHAKOB. Hanbonee akTMBHbIMU SABNSAIOTCA KOPHEOT-
NPbLICKOBLIE COPHSAKM (OCOT NMONEBON, BLIOHOK MOMEBON, MOMOYanHUK U ap.). I3BECTHO, YTO KOPHU yKa-
3aHHbIX COPHSKOB gocturatoT rnyouHbl 4,0 M. Mpn atom HabniogaeTcs BeTBEHWE KOPHEBOW CUCTEMBI,
OCHOBHOMW y3ern KOTopow HaxoauTcs Ha rnybuHe ot 0,07 go 0,1 M. YganeHme COpHAKOB OObIYHBIMUN Kyrb-
TMBaTOpaMM C NIOCKOPEXYLUMMM Nanamu BbINOMHAETCA 3a CYET Ux nogpesanns Ha rmybuHe 0,06...0,07 m.
Bonblwasa rnybuHa He pekoMeHAayeTCs n3-3a BO3MOXXHOIO NMOBPEXAEHNS KOPHEW KyNbTYPHbIX pacTeHun, a
Takxke yBENMYeHMs LUMPUHbI 3aLLUMTHOWM 30HbI. I3BECTHO, YTO Mocrne nogpesaHus Ha MecTe cpesa obpa-
3yl0TCS OOMOMHUTENbHbIE TOYKM POCTa U BETBIIEHUS KOPHEW COPHsiKa, T.e. AMHAMKKa ero npopacTaHus
yBenuumsaeTtcs. Nepunogbl mexay obpaboTkamy yMeHbLUATCs, YTO MPMBOAMT K M3MULIHUM 3aTpaTtam,
NOBbILLEHNIO CeBEeCTOMMOCTU N TyOUTENbHO BNUSAET Ha NOYBY, 32 CHET MHOrOKpaTHbIX NPOe3aoB, YBENU-
YMBAIOLLMX 3aLUMTHYIO 30HY psgka GaxyeBbix, 06paboTka KOTOpPOro BbIMNOMHAETCS Bpy4YHyto. [MoaTomy
HeobOXoAuMbl MalUUHbI ¢ pabounmu opraHamu, obecneymBaloLMMU BblYECbIBAHNE KOPHEBOW CUCTEMBbI
copHsikoB. O6beKT. B kayecTBe ob6bekTa nccnegoBaHvs npeanaraeTcs pacCMOTPETb TEXHOSOMMIO BblYe-
CbIBaHUS KOPHEWN COPHSIKOB BMECTE C BEreTaTMBHOWM YacTbio crneumanbHeiMyu pabounmmn opraHamu. Mare-
puwanbl U MeToAbl. B TeopeTnyecknx nccnegoBaHmsix ucnonb3oBanack runotesa [pectoHa B BMae ma-
TEMaTU4eCKON MOAENN, ONMCHIBAIOLLEN pa3pyLleHMe maTepuana 3a c4eT CMELLEHUs CNOEB B 3aBUCUMO-
CTW OT NpefenbHbIX 3HaYeHUIn CKOPOCTEN U CUI, C y4ETOM YMpYyrux CBOWCTB maTtepuana. PesynbTaTbl U
BbiBoAbI. [1pn Bo3genbiBaHMn GaxyeBbiX KynbTyp Hanbonee 3aTpaTHOM SIBMSETCS onepaums yxoda 3a
noceeamu n, B NepByt ovepedb, ob6paboTka MOCEBOB OT COPHAKOB. [1oaTomy paspaboTaHa MalumHa,
CcrnocobHas BblYeChbiBaTb COPHSAKM 3a CHET BO3OENCTBUSI HA KOPHEBYIO CMCTEMY. Takasd TexHonornyeckas
onepauma obecneunBaeTcsa cneumanbHbiMM paboyumMn opraHamu B BMAe CKOO, KOTOpble 3axBaTbiBalOT
KOpeHb Ha onpeaenéHHon rnyobvHe 1 BbiAEPrMBalOT €ro U3 HKHUX CMOoeB MoyBbl. [inNd TeopeTnyeckoro
HaxXOoXOEeHWs1 YCNOBUSA, UCKIIOYAKOLLIEro NOAPEe3aHnsi KOPHSA B TOUKe ero 3axsarta, NMpoBeAeHO nccrenoBa-
HUE N NOoNny4YeHbl 3aBUCMMOCTIN BEMNYMHBI CMELLEHMS CITIOEB KOPbl KOPHA OT YCUIMS M CKOPOCTU BO3AeEW-
ctBus paboyero opraHa. lNpegenbHble 3Ha4YeHWs1 BENMYMH cocTaenstoT 2,0 H.

Knroyeebie crioga: KOPHEOMIPbLICKOBbIE COPHSIKU, BblYEChIBAHUE COPHSIKO8, Memodouka
B. I. lNopsaykuHa, euriomesa lNpecmona, ycunusi mepebreHust.

LUuntupoBanue. Llennses B. A. TeopeTnyeckoe 060CHOBaHNE KMHEMATUYECKUX NMapamMeTpoB BblYecChiBalo-
e MalUWHbI 4Ns yaaneHus KOpHeoTNPbICKOBbLIX COpHAKOB. M3secmusi HB AYK. 2024. 1(73). 226-234.DO:
10.32786/2071-9485-2024-01-26.

ABTOpCKMﬁ BKnaa. ABTOp HacTodllero nccnegosaHua npuHMMan HenocpeacTtBeHHoOe ydacTtue B niaHupoBaHWW, Bbl-
NOJIHEHUN NN aHann3e gaHHOro nccnegoBaHU4. ABTOp HaCTOFILIJ,eVI CTaTbl O3HaAaKOMUICA U 0£I,06pVIJ'I I'Ipe,CI,CTaBJ'IEHHbIVI
OKOHYaTenbHbIN BapuaHT.

KoHdnukT nHTepecoB. ABTOp 3aaBnseT 06 OTCYTCTBUM KOH(NNKTA UHTEPECOB.

BBepeHue. M3BecTHO, 4YTO OaxyeBble KynbTypbl BECbMa YyBCTBUTEMbHbLI K COPHSIKaM, U
0cobeHHO B nepuoa a3 «Bcxoabl — LWaTpuk». MoceB cyxumu cemeHammn B6axyeBblX, Jaxe B OT-
HOCUTENbHO BMAAXHYIO NOYBY, MPUBOANUT K TOMY, YTO BCXOAbI NOABASIOTCA TONMbLKO Ha 14...15 aeHb
[2, 13]. 3a 3TOT NPOMEXYTOK BPEMEHN COPHSIKN Pa3BMBAKOTCA HACTOSbKO BYpPHO, YTO He TOSIbKO
CHWXAIT ANHAMUKKY MOSIBNEHNS BCXOOO0B, HO U MPUBOASAT K CYLLLECTBEHHON U3PEXEHHOCTM Noce-
BoB [1, 5]. CBecTM nepuog NosiBfieHUs BCX0O40B K MUHMMYMY CMOCOGHA TeXHOoMorus nocesa npo-
pocwmmn cemeHamu. [8, 9]. NpumMeHeHne yka3aHHOW TEXHOSIOMMM CHWXAeT Nnepuod; «MoceB» —
«Bcxoapl» Ao 4... 5 cytok nocrne nocesa. N Torga HeT HEOOXOAMMOCTM B NPOBEAEHNM, TaK Ha3bl-
BaemoMu, cnenon mexagypsgHon obpaboTkm noceBoB MM 06paboTke C NPUMEHEHNEM «KMastUHbIX»
KyneTyp [1, 3, 6].

OpHako B noBOM criyyae npu BbINOMHEHUN MEXOYPSOHBIX KyNbTUBALMIA C MPUMEHEHNEM
NIOCKOPEXYLUMX 1 CTpenbYaThiX fan TpebyeTtca He meHee 3...4-x 06paboTok. DTO NPUBOANT K yBe-
NYeHnto 3aTpaT Ha yaaneHue COpHSKOB B MeXAYpsabsiX, a Takke ynroTHeHre noYskl, obpa3oBaHune
NbINEBUAHBIX YaCTUL, 3@ CYET BO3OEWCTBMSA KONec TpakTtopa v paboyer mMalvHbl Ha noysy [4, 7].
Kpome aToro TpeTblo, a Tem Goree YeTBEPTYHO KyNbTUBALMN NPUXOSUTCS BbINOMNHATL B ha3e nnete-
oBpasoBaHus 1 paspacTtaHusa nneten baxyesbix [9, 10]. B aTtoM cnyyae nosiBnsitoTCs elle Ase Oo-
NONMHUTENbHBLIE OnepaLmu, KOTOpPble BbIMOMHATCA BPYYHYIO — CMELLEHUE MeTen ¢ Mexaypsaann Ha
PSOOK, @ MOTOM, Nocne KynbTUBaLuW, YKNaaka ux Ha mexaypsiabe. Bce aTo cyluecTBeHHO cokpalla-
€T Npou3BOAUTENLHOCTL Tpyaa, NoBbilaeT cebecToMMOCTb eauHNLbLI NpoayKumu. [loaTomy Hamu
npegnaraeTcsa UCNonb3oBaTh arperat Ans yaaneHUs KOPHEOTNPLICKOBbLIX COPHSKOB CNOCOBOM Bblye-
cbiBaHus [12]. PaboTa MalumHbl ONS BblYECbIBAHUS COPHAKOB OCHOBaHa Ha Pa3HOCTU OKPYXKHbIX CKO-
pOCTeN POTOPHLIX HOXeEW CO CkoBamKn, CMOHTUPOBAHHBIX Ha AMCKaX, K KOTOPbIM KPensaTcst 3Be3404KN
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C pasHbIM Yncnom 3ybbeB, oxBadeHHble eauHon Lenbto [10]. Takas cuctema obecrneymBaeT camo-
TOPMOX€EHME CKOB, YTO NO3BONSIET MM BXOAMTL B MOYBY, 3aXBaTbiBasi KOPHEBYHO CUCTEMY COPHSIKOB W,
3a CYET NPSIMOSTMHENHOIO ABMXEHNS, BblYECHIBATb MX M3 NouBbl. KoHew, ne3snsi ckobbl MMeeT crneuu-
arnbHbIN BbIPE3 AJ151 3aXBaTbIBAHUS] COPHSIKOB (PUCYHOK 1).
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PucyHok 1 — Cxema Bbl4eChIBaHWSA COpPHSIKa CKOOON BblYeChIBAOLLEN MALUUHBI
1 — ckoba; 2 — CopHSK; 3 — ne3BMeHoxa
Figure 1 — The scheme of combing a weed with a curly knife of a combing machine
1 — bracket; 2 — weed; 3 — knife blade

KopHeBasa cuctema BblOHKa NONEBOro npeacrasnsieT cobon pasBeTBMNEHHYO ceTb rnaj-
KMX KOPHEM C BeretatMBHbIMM MOYKaMM U 3a4aTkaMuM C PacCTOSHMEM MeXay HuMKU OoT
0,035....0,04 m B manbix (0,08....0,1 M) cnosix no4ebl, Ao 0,103....0,124 cm npu GonbLuen rny-
ouHe [12, 13]. Ha pucyHke 2 npefcTtaBneHo CTPOEHME KOPHEBOW CUCTEMbI BbOHKA MOMEBOro.[5]
OcoBeHHOCTb CTPOEHUS UCMOMb30BaHa Npu onpeaeneHnn KUHemMaTu4ecknx u AMHaMmu4eckux na-
pameTpoB paboyero opraHa.
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PucyHok 2 — CTpoeHne KOpHEBOW CUCTEMBI COPHSIKa (CTepkHeBast)
Figure 2 — The structure of the root system of a weed (stubble)

Jk3o4epma — 3TO BHELIHWM CION KOPHS, 0O6pa30BaHHbIA HECKOSIbKUMMK CNOSMWU MHOro-
YrOfbHbIX U NSIOTHO NpUIerarLmnx Mexay cobon kneTok. 1o Mepe pocTa 3Th KNeTKU BbIMNOSHAOT
3aLUUTHYHO OYHKLMIO.

Mesogepma — cpegHuii crnom, 0b6pasyroLLmMi KNETKN NapeHXMMbl, B HUX MPOUCXOOUT HaKone-
HWe nNuUTaTenbHbIX BELLECTB. Takke B 9TUX KIEeTKax OCYLLECTBMSETCS CMHTE3 OTAENbHbIX OopraHude-
CKMX COEAMHEHWI, Nocre Yero OHW JOCTaBRsATCA B TKaHW. Hannune mexXkneTHUKoB obecneunBaeT
npouecc razoobmeHa. B nepBuyHo kKope — Me3ogepme, OTBOAUTCHA HanborbLUee MECTO.
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QHAogepma — BHYTPEHHUIW CrOW — COCTaBNAT OOHOro poda knetku. Nocne oTMupaHus
OHMW CTaHOBATCSA BOAOHENpPOHMUAEMbIMU. [103TOMY pacTBOp MMHEpPANbHbIX COMEN HaxoasLmxcs
B MOYBE JOCTUraeT LeHTPa KOPHS TOSMBbKO Yepes3 TOHKOCTEHHbIE XMBbIE MPOMYCKHbIE KMETKN.

Cnown sk3ogepmbl, Me304epMbl U 3HOOAEPMbI pasdeneHbl Mexay cobor obonoykamu B
BNOE TOHKOCTEHHbIX (HA MONEKYNAPHOM YpPOBHE) 060M104eK C HU3KMM KOIDPULIMEHTOM TPEHUSI.

W | Z

T |

PucyHok 3 — Cxema cagura ak3ogepMbl KOPHS Npy paboTe ckobbl KOPHEBbIYECHIBAKOLLETO arperata
Figure 3 — Diagram of the shift of the root exoderm during the operation of the root brace

BbluecbiBaHNEe KOPHEBOW CUCTEMbl COPHSIKA MOXET OblTb MpW YCIOBMU, MCKIOYaoLWEM
ero nepepesaHve B TOYKe KOHTakTa ¢ paboymm opraHoMm. HapyxHas 4YacTb KOPHEBOW CUCTEMBbI
COPHSIKOB MOXET ObiTb pasnuMyHOW, OT NPaKTUYECKN rnagKon NoBepXHOCTU A0 LLepOXoBaTOM Unu
C NpopocTKamMn Menkmx kopewkos [11, 12]. B coOOTBETCTBMM C 3TUM TEXHOMOrMYECKUI Npouecc
3axBaTa KOPHEBOW CUCTEMbI ne3BmemM paboyvero opraHa OyaeT pasHbiM. JKCNepUMEHTanNbHbIMU
nccrneaoBaHNsIMM YCTAHOBNEHO, YTO MPU rMagKov NOBEPXHOCTU KOPHS (BbIOHOK NONIEBON) fne3Bue
paboyero opraHa 3axBaTblBaeT HapPYyXXHbIE CIOW KOPHSI M CABUraeT Ux Nno xody ABUXKEHUS CKOObI
(pncyHok 3). OToT copur Byget conpoBoXxaaTbCsi HOPMUPOBAHUEM Y3ra U3 3K304epM U Me3o-
aepM kopHs. [lanee npousonaeT 3axsaT y3na nes3suaMn ckobbl, YTO npuBedeT K obpasoBaHuO
ycunus n obecnednT Bbl4eCbIBAHNE KOPHEW COPHOW pacTUTENbHOCTU. TEXHOMNOrMYECKMIA NpoLiecc
npuv LLIEepOXOBaTON MOBEPXHOCTU KOPHS OyAeT HeCcKonbKo MHbIM. B yacTHocTW, ne3sue ckobbl B
MOMEHT KOHTaKTa ¢ KOpHeM He OyaeT CKoNb3uTb MO €ro NOBEPXHOCTU, a BblHechiBaHME obecne-
YUT yCUNMe Mexay Nes3BusMu 1 BOPCUHKaMM KOpHS. [pu BblMeCbIBaHUN KOPHEN C BOKOBLIMUK OT-
pocTkaMu (OCOT MONeBOI) Kpas ne3Busa nogpesarT ero 000no4Ky, Nog KOTOPOW HaxoauTcs Me-
304epma, U coBUraeT ee OO B3aUMOOENCTBMSA C OTPOCTKOM, Aanee MAET Npouecc BbiYechiBaHMS
¢ 6onbLuen rmyburHbl, Yem Ta, Ha KOTOPON ABMXETCA paboynin opraH. BelyecbiBaHWE KOPHA MOXET
ObITb NPV YCNOBWM, €CNN OCHOBHbIE (DAKTOPbI, TAKKe Kak CKOPOCTb M cuna oT AeNCTBuSA CKobbl,
HE CMOryT Bbi3BaTb OTPbIB MOBPEXOEHHOIO Jie3BUEM KOPHA. |/|CXO,EI,F| M3 TexHoJ1orm4eckoro npo-
Lecca Bbl4eCbIBaHUA HanbonbLUas BEPOATHOCTb OTPbIBa KOPHA B pe3ylnbTate nogpe3aHna mMmo-
XeT BbITb 4N NepBoOro BapnaHTa (Bbl4eChbIBAHUE TMAAKOro KOpHS).

Pe3ynbTaTthbl u o6cyxaeHus. [Npy npoBeeHUN aHANUTMYECKOro UCCreaoBaHns B Npo-
Leccax, CBA3aHHbIX C MEXaHWYEeCKMM CMELLEHMEM CITOEB, YacTo UCMonb3yT rmnoTesy lMpecTo-
Ha, KoTopas npeacTaBnseT cobol MaTemMaTuyeckyld MOAENb 3aBUCMMOCTU paspyLleHus maTte-
pvana oT NpeferibHbIX 3HAYEHWI CKOPOCTM U CUM, @ TakKe CBOWCTB MaTepuaros:

*
dp, =2 (1)

My

roe dp, — anNeMeHTapHasa BenvuMHa caBura ak304epMbl KOPHS, M; p —AaBJieHNE B TOYKE KOHTaKTa fes3Busi C Cop-
HakoM, H/M?; 9 — cKOpOCTb BO3OENCTBUSA Ne3Bus CKOBbI HA KOPeHb COpHsAKa, M/C; 0t — U3MEHEHNE BPEMEHU, C;
My — KO3hULIMEHT, yUMTLIBAIOLLWIA YNIpyrMe CBOWCTBa MaTepuana, H/m2.

[na npoBeneHnst Nocneaylowmx aHanMTUYeckux nccrnefoBaHMn 0003Ha4YMM HEKOTOpbIe
ycrnoBus.
1. AnameTp KOpHSA nocre CMeLLeHNs Kopbl 0CTaeTcs BENUYMHOM NOCTOSIHHON p,.
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2. lMNMoapes3aHHas ne3BueM ckobbl kopa cOBUraeTcs MO HEKOTOPOW KPWBOMWHEWHOW Mo-
BEPXHOCTMU.

3. CaBuraemas kopa obragaet ynpyrumm CBOMCTBaMM.

4. B Hauane koopauHat — T. 0 — yron mexay kacaTernbHOW K BEKTOPY CKOPOCTU U OCU KO-
OpAMHAT «y» paBeH P = 25

5. MNMpegenbHast BENUYNHA COBUra KOPHA He MpeBbillaeT 3Ha4YeHus Qy — 2,0H cpegHero

paccToaHnA Mmexay coceqHUMU y3rnamMmn KOpHA.
Ha ocHoBe ycrosui, npuBedeHHbIX Bbille, NPeAcTaBuM BbipaxeHue (1) B cneaytoLuem
Buae:
=pK*19K*Sl*at. (2)

0ps=—— —

roe 0p, — aNeMeHTapHoe M3MeHeHe AnameTpa KOpPHS NpU cOABUre ero Kopbl, M; p, — yYOEenbHoe ycunne B 30He
KOHTaKTa nes3Busi ¢ KopHeM, H/M?; 9, — KpuUTMYEecKasi CKOpOCTb OT OEeNCTBUS Ne3sBus, mM/c; 0t — arnemeHTapHoe
N3MEHeHne BPeMEHU, C; (. — KOIMULMEHT NpUpaLLeHnst YCUnus npu cosure Kopbl, H.

Ha cxeme (puc. 3) 0603Ha4eHbl Cumbl, OENCTBYOWMNE HA KOPEHb CO CTOPOHLI JIE3BUS:
T, — cuna HanpaBneHHasa nepneHaMKynsapHO Ocu KOopHs, H; T, — cuna, obecneynBaiolas cosur
Kopbl KOpHs1, H. OuyeBuaHO, YTo cuna T, onpegensieTca kak npoussegeHue T, * f., roe f, — koad-
PULMNEHT, YYNTbIBAKOLLUIA CONPOTUBIIEHME CMELLEHHOMO CIoa NoApe3aHHON KOpbl OTHOCUTENBHO
CTEPXHA KOpHEBOM cuctemsl, T.e. T, = T, * f. — Ana caBura anemeHTapHoro cnos. Torga nonHas
BENMYMHA CUIbl CABUra Ha paccTosiHue «,, Cyas No cxeme (puc. 2), byaeT paBHa:

T. = T;*tg(g -p),
a nocrne npeobpasoBaHus:

T. =Ty *f/t9 (3)

U3 ycnosua ynpyroctn capuraemMoro criod MOXet ObITb 3anmncaHo ,u,mq)d)epeHu,Maanoe
ypaBHeHne nameHeHua yrna ¢ OTHOCUTESTbHO U3SMEHEHUA BepTMKaﬂbHOﬁ ocn OZ, T.e.

d¢p _ Mcg
- =—, (4)
0Z Ecl

rae ' - MSMeHeHVe yrna OTHOCUTENbHO TPAeKTOPMM U3MEHEHUS CKOPOCTH casura u ockto OZ, paa; M., — MOMEHT

caBuvra cnosi, H*m; E — moaynb ynpyroctu casuraemoro cnosi, MIMa; [ — MOMEHT uHepLun NonepeyHoro ceveHus
CABMIaeMoro Criosl, OTHOCUTENLHO OCH, MEPTIEHANKYSIPHOM K MIIOCKOCTY BaLLEHUs!, M*.

MomeHT casura onpenenuTcs:

— T *
Mcg - Tj ljs (5)
rae T; — cuna B j — oM NOMEPEYHOM CeyYeHu, H; l; — koopamHaTta, COOTBETCTBYHOLLAA NONEPEYHOMY CEYEHMIO B
NJIOCKOCTW COBUIAEMOro CIiosi.

Mcxoos n3 metoguk peweHunaA nogobHbIX 3agad no conpoTuBIiEHNKO Matepuanos, rae
paccmMmaTpmBaeTCAad He3Ha4dYuTesribHOE nepemMelleHne ynpyroro cnos KOHCOJIbHO 3alleMIeHHbIX
©anok, npeneribHoe HarnpaxXeHue B ornacHoOM ceYeHunn Oanku onpenennTca Kak:

Q=" (6)

roe M, — u3rnbalolmini MOMEHT B CeYeHMn H*M; h — pasmep cedeHue Banky OTHOCMTENBLHO OCUM CUMMETPUN, M;
¥z — OCEBOI MOMEHT MHEPLIN B U3y4aeMOoM ceyveHunm, M*.

Yron uarnba CTpyXku @, Ha ee AnuHe dx nNpu He3HauuTenbHbIX nepemelleHuax dz/dx

onpenennTcs Kak:
1

Ecl,

P =

* fZZO M, * dz. 7)
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Ycnosue (7), nony4yeHHoe ANs Manbix nepemelleHmn, abcontoTHO He COOTBETCTBYET U3Y-
YaeMoMy MpoLeccy caBura Kopbl C 06pazoBaHNEM CTPYXKKU, @ 3HaA4MT, BCe JanbHenwmne aHanm-
TUYecKkne aHanu3bl HeOOXOAMMO CBA3bIBaTb C BOMbLUINMMK NEepeMeLLeHUs MU, T.€. C TEKyLLen Ko-
opaMHaTON, U3MEHeHMe KOTOPOW CBA3AHO C KPUBONUHENHON 3aBUCUMOCTbIO.

CnepoBaTenbHO, yuntbiBas cxemy (puc 3.), a Takke 3aBUCUMOCTU (6 1 7), U3BMEHEHUE Yr-
va (p COOTBETCTBYET AMHAMMKE TEKYLLEro yrna ¥; 1 Ans KpMBONVHENHON 3aBUCUMOCTU Yron «¥»
OyoeT npeacTaBneH:

N 1 (73), 2024

(1-2), ®8)

Ec¥g 21,

roe 1'-|-:'j —W3MEeHEeHne yrna, onpeanendaemMoro nonoxeHmem oCn koopgmHat U KacaTernbHOM K TOYKe B «j» - OM ceve-
HUW COBUraeMou CTPYXKW. IaMeHeHue yrna «y» — aTo no CyuwiecTtBy ero npom3sogHasa OTHOCUTENTbHO OCU oz:

d_m = :TA*QY (9)
dz % E¥;
MpeaenbHoe 3HaYeHVe yrna «P» OT BO3AENCTBUSA Ne3Bus CKobbl z = p,, Npu ' = 0.
Ty* ‘2
- zéscp::}:’. ’ (10)
&

Mpn paboTe nes3Bnsa ckobbl BENNUYMHAM z U [P IPUXOANTCA Ha KOHKPETHbLIN COBUM B KOOP-
aunHaTtax OXZ, oTctoaa:

dx = dzsin v (11)

roe dx — anemMeHTapHoe n3MeHeHne CKopocTW. Toraa Ha OCHOBE NOMyYeHHOW 3aBUCMocTu (8) nonyymm:

X=p, fp“sm ;[Z” (1-22?;1)* dz (12)

B COOTBETCTBUY C YCIOBUEM KPUTMHECKOE 3HAYEHUe z = p,.

Mcxoas M3 nonyyYeHHbIX paHee 3aBucMmocTen (4 n 5), BbipasmmM BEMUYUHY:

dm
_ Meg_ EcYg
Te=Zr=—% (13)
Torpa yuutbiBast BblpaxeHus (8, 9), onpeaenum yeunue T,:
Ty fy Az
T. = - (14)

)
2xtgy |, ysm b}f{'(l—%)]dz
z y

rae, undpa «2» B 3HameHaTene ykasbiBaeT Ha pacnpeferieHue Harpysku Co CTOpoHbl 21 nesBui, B cooTBeT-
CTBMM C KOHCTpPYKLMeW ckobbl. MonyyeHHoe npepencHoe 3HaveHune ycunusaT, (BblpaxeHue 14) — aT1o cuna, 3a-
TpayeHHasi Ha BblYeCbIBaHNE COPHSKa, T.€.

T, = 2T.. (15)

TexHONorM4Yeckuii NPOLLECC Bbl4ECHIBAHUSI COpHSIKa BMNOMHE MOXeT GbiTb ynogobneH ma-
WMHHLIMKX onepauusamu npu paboTe TepebunbHbIX annapaTtoB KOPHEYOGOPOYHbIX MallMH. Ycro-
BMS TepebrneHns aAns KOPHENO4OB caxapHO CBEKIbI MOXET OblTb 3anuncaHo:

2F=2Nf = G+Q+Pun < [P,], (16)

roe N — ycunne cxaTtmnst 60TBbl pabounmmn opraHamu, H; f — koadpduumneHT cuenneHmsa 60TBbI ¢ paboummm opra-
Hamu; G — Bec kopHennoaa BMecTe ¢ 60TBOWM U MOYBOW NpURMMLWEN K KopHennoay, H; Q — cuna cBsi3n KopHs
noYBon nocne noakansisaHus, H; Pun — cuna neepuum kopHennoaa, H; [Py] — cuna oTpbiBa 60TBbI.

Torga npupaBHMBaeM 3HadeHME BbipaxkeHun 15 n 16, T.e.
T, = G+Q+Pun. (17)
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B nocnegytolem aHanuse bygem yuntblBaTb 3Ha4YeHue «Ty».
VMcnonb3ysa cdopmyny (2), onpeaennm KpUTUHECKYH0 CKOPOCTb «I,» BO3AEWCTBUSA NEe3BUS
CKOObl, Ha KOpPEHb.

dpy
*My
Y = at__— (18)
PzSj
dp, .
roe dptn — U3MEeHeHne TONWKWHblI caBura aKk3ogepmbl B eJuHNLY BpeMeHU, T.e. UIBMEeHEeHNe TeKyllen KoopauHaTbl
dp, dz, - , .
«Z» Npv cogure B e4MHULY BPEMEHM, dpt" = d—i; pz *S; = T, — ycunne npu cABUre Crosi 3K30AePMbl B j — OM CEYEHMMN.
Torpa:

Oy . Tg*p'n z dz
tgyfo sm[E},zz 1_E dz*tyg;

) 0,
Tapa*fi |, y(l—Qiy)dz

9, = (19)

Ncxons ns metogukm B. T1. rOpFI\-IKI/IHa, npegernibHoe 3Ha4YeHne CKOPOCTU npu npoaosib-
HOM BO34ENCTBUN HE OOIMKHO npesbillaTb BENMNYUNHY:!

— rEN1/2
ﬁnpoa“ (_) / ’
n
rae E — moayne ynpyroctu kopHsi, H/M?; it — nnoTHOCTL MaTtepuana kr/m3®, otciofa 9 < 9po,-

Mony4yeHHoe BbipaxkeHne (19) MoXeT ObITb peLleHo C UCMOSb30BaHNEM MPOrpaMmel, No-
NyYeHHOW B MHTErpMpOBaHHOM cpefe nporpammupoBaHusa TurboPascal. brniok-cxema anroputma
nporpaMMbl OnNpeaeneHnst CKOPOCTU BblYEChbIBAHMSA KOPHEBOW CUCTEMbI COpPHsika npeacTaBneHa
Ha puCyHKe 4.

( Hawano )
— -
M, w0, T, By, O, '

i - r
i |

Basgalire wiasieiiiie o#, (il
o, dlp, S, Sk, dlly

Jra—

- . PSS O e [ ] ..__-.-

s |

e Oy = B G i, -

£ I
f -

i ) 2 '
o e p I‘-m- e [I - |—.f: |
i AR AT 24

r = 1
.r-,u-.r-_[|l =

3 |

Flewarn o, &, Vi ]

' ]
ET Konen )
PucyHok 4 — Bnok-cxema anropuTma nporpamMmmbl onpegeneHns CKOpoCTu BblHeChiBaHWUS KOPHEBOM
CUCTEMBICOPHSIKa
Figure 4 — Block diagram of the algorithm of the program for determining the speed of combing the root
systemofaweed
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B pesynbTaTe noacTtaHOBKM LMPOBbLIX 3HAYEHUI ObINN NONyYeHbl TEOPEeTUYECKME KpU-
Bble, NpeACTaBeHHble Ha rpaduke (puc. 5).
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CropocTs neasus, M/ c
[ ]

Tonmmua CTPpyHEEH, MM

PucyHok 5 — 3aBUCMMOCTb CKOPOCTU NE3BUS CKOObI OT TOMLUMHBI CTPYXKKU U YCUNUS cABUra
T,- yeunue cgsura — 1,0H; T,- ycunue cgsura — 1,5H; T, — ycunue cgsura — 2,0H
Figure 5 — Dependence of the speed of the staple blade on the chip thickness and shear force
T,- shear force — 1,0N; T, — shear force — 1,5N; T, — shear force — 2,0N

Cyasa no nony4veHHon chopmyne 19, CKOpOCTb BO3AENCTBUA Ha KOPEHb COPHsika obpaTHO-
npornopumMoHarnbHa cune, ¢ KOTopon oH ByAeT BblYECHIBATLCS M3 MOYBbLI, YTO U OTPaXeHO B Nnose-
AEeHUN NonyyeHHbIX rpadumkoB. Camu KpuBble, B OOLLEM Crlydae, HOCAT MHTerpanbHbI 3aKOH 13-
MEHEHUS, YTO COOTBETCTBYET NonyydeHHom popmyrne 19.

3akntouyeHue. Nicxoas n3 Grnonormyeckoro CTpoeHMs KOpHS 1 yuntbiBas runotesy [pectoHa o
B3aVMOCBSI31 CKOPOCTW, CUI, AENCTBYIOLLMX Ha paspyLuaeMblii MaTepuan, NpoBeAeH TeopeTnyeckuni
aHanma un Nony4YyeHo UHTerpanbHOe ypaBHEHVE MO onpedeneHnio CKOPoCTM BO3OENCTBUS Ne3BUs CKO-
Obl Ha KOpPEHb COPHsika NpuW ero Bbl4ecbiBaHUN. NonyyeHHoe BbipaxeHne 19 HOCUT 4OCTaTOYHO COX-
HYI0O 3aBMCUMOCTb W €ro peLleHue aHanmuMTU4eckMm crnocobom 3atpyaHeHo. [loatomy paspaboTaHa
nporpamma B cpefe nporpamMmMmupoBaHus TurboPascal ons YMcnoBoro pelleHus ypaBHeHus, 1 nocne
NOACTaHOBKMN MOCTOSIHHBIX W NMepeMeHHbIX NapameTpoB, NOMyyYeHbl rpaduky 3aBUCMMOCTU CKOPOCTYU
ne3sus ckobbl OT TOMNLWMHBI CTPYXKU N YCUNWUS CABUra.

Conclusions. Based on the biological structure of the root and taking into account Preston's
hypothesis about the relationship of speed and forces acting on the destroyed material, a theoretical
analysis was carried out and an integral equation was obtained to determine the speed of the impact
of the staple blade on the weed root when combing it. The resulting expression 19 has a rather com-
plex dependence and its solution in an analytical way is difficult. Therefore, the Turbo Pascal program
was developed for the numerical solution of the equation and, after substituting constant and variable
parameters, the obtained graphs of the dependence of cutting for the weed root by soil.
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Summary
An automatic regulator for water distribution in open irrigation systems is proposed, which will find application in
farms that need reliable accounting data, filling and maintaining specified water levels in irrigation canals.
Abstract
Introduction. Rational use of water bodies is possible only if reclamation systems are equipped with mod-
ern and affordable automation means, which will allow reducing unproductive water losses at the lowest
cost of production and operation. The relevance of creating new automatic water flow regulators is due to
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