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AHHOTaIII/ISl. B HACTOAIICC BPCMA IMPOHCCC JICCOBOCCTAHOBJIICHUA HMCECT pPAd HCIOCTATKOB,
TaKnWX, Kak HEOOXOIMMOCTh HCIIOJIB30BaTh PYYHOH TPYA BO BpeMs DPACIpENesIeHUS W TOCAJKH
Ca’)KCHIICB, MCXaHMU3MbI IJId ITOCAAKH CA’)KCHIECB 3a4aCTyl0 OCHAIIAKOTCA TPpAaKTOpaMM KaK TAT'OBBIMU
CpENCTBaMMU.

CO3I[aHI/IC 60pO3I[ 1 IOATOTOBKA IMOYBbI HETTOCPCACTBCHHO IIEPC HOC&I[KOﬁ OKa3bIBAKOT BJINSIHHUC
Ha SHEPTOCMKOCTb IPUBOJOB Opy,HHfI. Ha ,Z[aHHLIfI MOMCECHT BBICOKA HeB(l)(l)CKTI/IBHOCTB nocago4vYHbIX
pa60T, TaK KaK IT1OoCaJKa CaXCHIEB C SaKpBITOﬁ KOpHCBOfI CHUCTEMOU IMPOUCXOOUT B CBA3KEC C
IUIYTOM. Bce ot (I)aKTOpBI IIpH pacuCTe HA ,[[OJ'II“OCpOHHHfI nepuoa NmpuBOJAAT K 60J'Ib].HeMy pacxony
SHEPTUU NP MPOBEIEHUH 3TOTO BUAa padoT.

B ,Z[aHHofI CTaTbC PACCMATPUBANOTCA IIOAXOJAbI K MEXaHU3aAlUKU IMO0CAAOYHOI0 IIponecca.
Vcnonb3ys ONBIT MOCAJKU CAXKEHIEB ¢ 3aKpbITOi kKopHeBoi cuctemoit (3KC) pyunsiM criocobom 1
AHAJIIM3UPYSA METOJbI MEXaHU3allUH MMOCAJO0K BO3MOKHO IMOJTYYUTh MAaKCUMAJIbHYIO 3(1)(1)6KTI/IBHOCTI)
Ipy NPOBEACHUM Takoro tuma pabor. Ha ocHOBaHMM H3y4eHHOro Marepuana Obul BbIOpaH
MPOTOTUIT MOCAJAOYHOTO YCTPOMCTBA, MNOAXOMAIIMA TOJ TEXHOJOTHUM JUCKPETHOM MOCAAKU
caxenne ¢ 3KC. BpInonHeHO TBEpAOTENIbHOE MOJAETHUPOBaHHE pabOYero OpraHa B CHCTEME,
aBTOMAaTH3UpOBaHHOTO mpoekTupoBanus Solidworks. Ilpum npoekrtupoBaHum Mojenu Obuia
npeayCcCMOTpCHa BO3MOXKHOCTbH €€ H3roTOBJICHUS IIO aILI[PITPIBHofI TEXHOJIOTUU METOAOM FDM
II€4aTu.

Summary. Currently, the reforestation process has a number of disadvantages, such as the need
to use manual labor during the distribution and planting of seedlings; mechanisms for planting

seedlings are often equipped with tractors as traction means.
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The creation of furrows and the preparation of the soil immediately before planting affects the
energy consumption of the implements’ drives. At the moment, the inefficiency of planting work is
high, since the planting of seedlings with a closed root system occurs in conjunction with a plow.
All these factors, when calculated for a long-term period, lead to greater energy consumption when
carrying out this type of work.

This article discusses approaches to the mechanization of the planting process. Using the
experience of planting seedlings with a closed root system (CCS) manually and analyzing the
methods of mechanization of planting, it is possible to obtain maximum efficiency when carrying
out this type of work. Based on the material studied, a prototype of a planting device suitable for the
technology of discrete planting of seedlings with ZKS was selected. Solid modeling of the working
body in the Solidworks computer-aided design system has been carried out. When designing the
model, the possibility of its production using additive technology using the FDM printing method
was envisaged.

KuroueBble ciioBa: JI€CornmocaaodyHas MalluHa, pa60‘lI/II71 OpraH, aBTOMAaTU3UPOBAHHAA IIOCAJIKa
Jieca, mocajika CaKeHIIEB, MOCaKa CAXKEHIIEB C 3aKPBITON KOPHEBOM cucteMon, 311 moaens, CATIP.

Keywords: forest planting machine, working body, automated forest planting, planting
seedlings, planting seedlings with a closed root system, 3D model, CAD.

JleconocasiouHble MalIMHBI MOTYT OBITh pa3feneHbl [0 MNPUHLUIY [OCAJKH  Ha
HENpepbIBHbIE M JUCKpeTHbIE. Ha OTKPBITON MECTHOCTH NMPUMEHSIOT TEXHOJOTHIO HENpPEpPBhIBHON
MOCAJKH, a B CIOXKHBIX YCIOBUSAX MPU HATHYUH TPENSATCTBUN, TOPYOOUHBIX OCTATKOB HCIIONIB3YIOT
TEXHOJIOTHIO JUCKPETHOM Mmocajku. MaTepuai Ijsl MOCaIKd MOXETOBITh KaK C OTKPBITOH, TaK H €
3aKpbITON KOpHEBO# cuctemoi. [1-5]. B mocnemnee Bpemsi Bce OoJblliee pacrpoCTpaHCHHE
IpUOOPETalOT CpescTBAa aBTOMATH3allMM, KOMIAKTHBIE JIEKTPOABUIaTeN W YHPABISIONIUE HUMU
JJIEKTPOHHBIE KOMIIOHEHTHI. Vcrionb30BaHNe aAIUTUBHBIX TEXHOJIOTUH NIPU CO3/IaHUU MPOTOTHUIIOB
JIECHBIX MaIllMH BMECTE C JOCTYIHOM 3JIEKTPOHUKOM IO3BOJIET CO3JaTh OIBITHBIM 00Opasen
MallMHbl B KpaTyaiiimue cpoku. Hambornee nmepcnekTUBHBIM Ha Halll B3IVIA[ sBIsETCS pa3zpaboTka
KOMITaKTHOM JIeCONOCaJ0YHON MaIllMHbI, HEe TpeOyrolleld AOIMOJHUTEIbHOIO arperaTupoBaHUs ¢
TPaKTOpPOM U YIPAaBIsEMOHl B TMOJIyaBTOMaTHYECKOM peXHME OJMH omeparopoM. PaccMorpum
IIPOILECC CO3/IaHUs MPOTOTUIIA paboOYero A TOYEYHOH MOCAJKU CaKEHIEB C 3aKPBITOM KOPHEBOU
CHCTEMON OPUEHTHPOBAHHOTO HA M3TOTOBJIEHUE C UCIOJIb30BaHUE ATUTUBHBIX TexHosoruil (FDM
nedat). Mcnons3ys CAIIP Solidworks pazpaboraem 3D mMopenb jieconocaodHoil MamuHbl. B
KAauecTBE I0AX0/la TMOCTPOEHUS TMOJO0XKEH MOAYJIbHBINA NPUHIUI MPOEKTUPOBaHMS [6], KOTOPBIHA
MO3BOJISIET 00ECIEUNTh YCTAHOBKY CMEHHBIX HAcaJOK JIJIsl BHEIPEHUS B TPYHT Pa3JIMYHON POPMBI U
T€OMETPUYECKUX Pa3MEPOB JUISI CAXKEHIEB C 3aKphITOW KOpHEBOM cucteMon. OCHOBHas 3ajada,
BO3JIaraeMasi Ha JJaHHO€ yCTPOMCTBO: MOBbILIeHHE FP(HEKTUBHOCTH MOCATOYHBIX PaboT.

B kauectBe mpoToTuna pabouero opraHa BEIOpaHO CYIIECTBYIOIIEE TOCAJOUHOE YCTPOHCTBO
Ui KapTodens, KOTOpoe COCTOUT U3 MOJIOW PaMbl, BEPXHEHW YaCTH KOTOPOW UMEIOTCS PYUKH, IpU
5TOM B HWXXHEW 4YacCTH paMbl MMEIOTCS YHOpBI A HOT M pabouuii opraH, (GopMupyromun

M0CaI0YHbIC JTYHKH (PUCYHOK 1, mo3uius 6).
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Pucynok 1. YcTpoilcTBO AJis HOCAa KU CaXKEHIIEB € 3aKPHITON KOPHEBOM CUCTEMOM

[TOCKONBKY TOMOJIOTHYECKH MOJEIbh MOTEHIHMATBHO CIIOCOOHA JJISl TMOCATKU CaXCHIIEB C
3aKpBITOM KOPHEBOW CHCTEMOM, TO Ui COOPKH MOJENH CJIEIyeT BBIACIUTH CIEIYIONINEe OCHOBHBIE
paboune oprassl:

1.Pama pabouero oprasa;

2.3aTBOpHBIE IIJIAHKH;

3. TpyOuarast ocHOBa;

4. Tlorom.

[TockonbKy TpyOUaTasi OCHOBA SIBIISIETCSI YAaCTBhIO OT KOTOPOW 3aBUCST pa3Mepbl OCTAJIbHBIX
AJIEMEHTOB COOpPKH, TO €€ pa3Mepbl ObUTH OIpeesieHbl 3apaHee W ¢ MOMOIIBI0 MEXaHHW3Ma
«BBITSTUBaHUE» Obla MPOM3BeACHA (OPMOBKA JI€TAIIH.

Crenyromei 1eTanplo SBISETCS paMa paboyero opraHa, moka3zaHHas Ha pUCyHKe 2.

Pucynok 2. Pama pabodero oprana ysia.

B kagectBe cToliku ObUI B3AT KBajpaT C OTBepcTHEM auamerpoM 50 MM moj TpyOuaTyio
OCHOBY, II0CJI€ Ha OOKOBBIE MOBEPXHOCTH ObLTH JOOABIECHBI JBE KPEIEKHbIE MPOYIINHBI CTBOPOK U
OT3epKaJleHbl 0T 0a30BOM IUIOCKOCTH, a Ha CIEAYyHIOIIEeM Ilare BBIPE3aHO OTBEPCTHE,

copMUpPOBaHHOE HA MIEPBOM 3Talle B KBaJPATHOM 3aroToBKe (puc. 3).
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Pucynoxk 3. Oransl popmupoBanus paboueii OCHOBHI y371a

CrBopku ObUM CHOPMHPOBAHBI IyTEM BBITATHBAHUS IUIOCKOTO dYepTexa. [eomerpus
ompezeneHa npoduieM pambl pabouero opraHa, a JOHNOJIHUTEIbHbBIE PAJIyChl, OTOOpa)KCHHBIE Ha
pucyHKe 4 BBIOpaHBI AIMIIUPUYECKU Kak HanOojee ymadnsie st ckopoctd FDM nmeuarn 110 mm/c

npu quaMerpe coruia 3D npunTepa 1.2 mm.

Pucynok 4. Otans! popMupoBaHus paboueil OCHOBBI 3aTBOpa

Pasmepsl morona ObUIM BBIOpPAaHBI C Y4eTOM pa3MepoB pabodero opraHa B cOope co
ITOPKaMU. YToJd ObUT BRIOpaH C TapaHTUPOBAHHBIM 3aMacoM B 5 TpaJycoB, KOTOPBIM oOecredut
WCKJIIOYCHUE 3aKJIMHMBAHME MEXaHW3Ma TMpU HaXaTUH Ha TOToH (T.e. TpeoOpa3zoBaHuUe
IMOCTYHNAaTCJIbHOI0 IABMIXKCHUA IIOOHA B IABWMIKCHHUC OTKPBITUA CTBOPOK pa6011er0 opraHa), qTo

MOKa3aHO Ha PUCYHKE O.
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Pucynoxk 5. O6uwmii Buj coopku
[Ipu npoexTHpoBaHUU MOTOHA OBUTH BBIOPAHBI IIIUIIBI, ITyTEM CO3/IaHUS MAaCcCHUBA MPSMBIX C
MOCTIEeTYIOIUM CKPYIJIEHUEM TpaHM, YTO MOKa3aHOo Ha pucyHke 6. Kak moka3zana npakThka redaTa
HaIpaBJISIOMKUX HanboJiee ONTUMAIBLHBIN PaInyC CKPYTIEHUS rpaHeil cocTaBiseT nmopsaka 4-8% ot
panuyca OKpy>KHOCTH.

Pucynok 6. Ocku3 norona

C IMOMOINBKO  KOMIIBFOTCPHOI'0  MOJCIMPOBAHHA Onu1a omnpeaciicHa BO3MOXHOCTH
MOCJIeI0BaTEIbHOM YCTaHOBKU pa6oqer0 opraHa 0e3 PACKpPbITHA, a ITOCIC BaFJIY6J'IeHI/I$I 3a CU€T
pLI‘{a)KHOfI CUCTCMBI MOCJICAYIOUICC PACKPBITHC MCXaHU3MaA. B 3akmiodyeHnu CTOUT OTMCTUTH, YTO
peuicHrud € MHOIOYUCIICHHBIMU CKPYIJICHUSAMU ObLIH NPUMCHCHBI UJIA 3D meuarn TIEpBOTO
OIIBITHOI'O 06p2131_13. IS WCHBITaHMR. Mojenb MOXET U J0JKHA OBITH ONTUMU3HUPOBAHA JIA
MU3TOTOBJICHUS U3 METAaJlJIa.
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