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A constructive-technological scheme of a technical tool for shredding cut branches in the garden row
spacing was developed. The promising direction of soil content in the inter-row spacing of the garden has been
determined. These advantages of the mulching technology of maintaining pristvolny zones in the rows of an
intensive garden: the accumulation and moisture content in the root zone of trees, enrichment with mineral and
organic nutrients and accelerate the process of humification (reproduction of the fertile layer) without detriment to
the environment. A hydraulic drive of the working units of the chopper-mulcher is proposed, which will make it
possible to better grind the branches of fruit trees and send the chopped mass to the pristvolny zone of the garden
for mulching.
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Fig. 3. Ref. 10.

1. Introduction

Agricultural production requires a number of technological operations in a certain sequence, among
which pruning of fruit trees plays a significant role [1]. Pruning is considered quite effective against the
background of protective measures and agrotechnical methods of increasing the yield and quality of fruits.
In the gardens after pruning, depending on age, density of planting trees, varieties, a large number of cut
branches (up to 20 tons or more per 1 ha) remain. The wood is burned or pulled into the ravines and is thus
removed from the circulation of substances, including the elements of the mineral nutrition of plants.

Cleaning and recycling of cut wood material in gardens are mandatory operations of the fruit
production process. At the same time, they are associated with high material and labor costs caused by low
levels of mechanization and low efficiency of the technologies used. Therefore, the development of resource-
saving technologies and a complex of machines for gardening is the most important task, the complexity of
the main work will be significantly shaken.

2. Formulation of the problem

In the gardens after pruning fruit trees, a large number of cut branches remain that clutter up the
aisles and make it difficult to carry out further work on planting. The technological process of removing
fruit trees from the rows of the garden is quite an energy-intensive operation. For the mechanization of these
works, science and industry have proposed various technical means that significantly reduce manual labor,
but do not completely eliminate it [2 — 5].

The existing practice of collecting (fig. 1, a) and burning wood (fig. 1, b) is associated with high
costs of labor and funds, and the combustion products of the branches pose a threat of environmental
pollution.

At the same time, harvesting cut branches in orchards is a mandatory operation of the fruit
production process. It should be noted that the technology used for burning branches poses a threat to
environmental pollution. Therefore, the problem of the rational use of alienable fruit wood becomes urgent.

The simplest, most rational and promising way of using cut branches in ground form for mulching
the soil can be.

This contributes to the accumulation and preservation of moisture in the soil, enriching it with
organic substances, mineral nutrients, improving the agrophysical properties and ultimately attracting
alienated wood into the circulation of substances without detriment to the environment.
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Domestic and foreign researchers note that the optimal size of particles used as mulch should be no
more than 2 cm. Every 100 tons of ground mass can give groundwater 450 kg of nitrogen, more than 80 kg
of phosphorus and about 500 kg of potassium [6].

a) o " b)
Fig. 1. Cleaning of cut branches in between rows of an intensive garden:
a) gathering between the rows of a garden, b) burning branches

According to research data, the mulch introduced in the near-stem strip significantly reduces soil
contamination near the shtambov trees. Pristvolnyh stripes showed a high effect as an alternative to the
chemical method of weed control. When using mulch compared to herbicidal steam, the root system of
apple trees covers a larger volume in the surface soil horizons, where microbiological processes are
particularly active, as well as nutrients in sufficient quantities [6].

The main positive effect of mulching is manifested in greater stability of the soil macrostructure and
better air permeability after heavy rains, as well as reduced water loss during evaporation from the soil
surface during the dry season. Under the layer of mulch, productive moisture will accumulate in the soil [6].

Mulching has a positive effect on the overall physical properties of the soil (bulk density, specific
gravity, duty cycle and air supply), increases soil moisture supply compared with herbicide vapor and laid
down, especially in the 0-0.4 m horizon.

The use of mulch in pristvolnyh strip in intensive orchards and vineyards, due to the optimization of
soil conditions, increases the yield by (19-36 %) and the average mass of fruits (by 7-17 %), as well as the
growing season [6].

The lack of sufficient data on the processes of interaction between the working bodies of crushers
with cut branches of fruit trees impedes the improvement of machines and their widespread introduction into
production practice.

Therefore, the aim of the research is to develop a technical tool (shredder-mulcher) for shredding the
cut branches of fruit trees and recommending a scientifically based, environmentally safe and economically
viable agrotechnical method of using the wood of cut branches, for accumulating moisture and increasing
soil fertility in gardens.

3. Key research results

To implement this technology of utilization of wood waste from gardening, the department of
machinery and equipment for agricultural production of VNAU developed the design of a shredder-mulcher
of cut branches of fruit trees (fig. 2) [5].

The shredder-mulcher for processing cut branches of fruit trees between the rows of the garden
includes frame 1 with support wheels 2. The frame has three point hinged mechanism 3 for assembly with a
tractor, bearing units 4, two vertical shafts 5 with rotors 6 in the form of rods with holes on cantilever ends,
in which the hammer knives 7 are fastened with the help of fingers. At the lower ends of the shafts 5, fans 8
are fixed, the rotors and fans are driven by hydraulic motors 9, through the tractor's hydraulic system.
Connecting the first hydraulic motor to the input, and the second to the output, provides rotation of the rotors
towards each other, which creates a "pulling" mass effect of plant residues into the grinding chamber where
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the mass is located until the particle sizes become such that they can escape through the lattice partition 10 or

recter 11, which reduces potential material losses.
For intensification of the technological process in the grinding chamber, created by frame 1 and
recteters 11, shear blades 12 are installed, which are fixed on frame 1. Direction of the crushed mass to the
zone of rows of plants is carried out using air flow generated by fans 8, the grinding zone enters the grinding

zone using feed the rotor 13 that rotating counterclockwise with flat fingers 14 delivers the trimmed branches
into the grinding zone, where they are addicted to the rotors 6 and are ground to a given size.
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Fig. 2. Shredder-mulcher cut branches of fruit trees between the rows of an intensive garden

To remove the crushed particles from the unit where they are under the grinding zone, two shutters
15 are used, having the ability to adjust the angle of tilting of the crushed mass. The mass is removed by air
flow, created by fans 8.

The shredder-mulcher of the branches of fruit trees in between the rows of an intensive garden
works as a tractor mounted on a tractor when it moves along a roll with the remnants placed in the center of
the aisle. During the movement of the unit, the feed rotor 13 rotates counterclockwise raises the branches of
the swath fruit trees and feeds the mass into the capture zone by rotors 6, the high speed of rotation of the
feed rotor provides full lifting of all branches, and the flat fingers with rounding 14 feed the mass without
clogging. The drive of the feed rotor is carried out from the hydraulic motor 16 through the belt transfer 17.
When rotating the rotors 6 towards each other, partial dissection takes place, the branches are seized and
transferred to the chopping chamber before the shear blade 12, where the hammer blades 7 completely cut
through the mass of the roll branches due to the shear knife action, the remains of the blades continue to
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circulate in the closed grinding chamber until their size becomes equal to or smaller than the size of cells of
the catheater 11 or lattice partition 10, after they have been crushed from the grinding zone, they fall into the
lower part under the grinding zone g e has two fan 8, which creates a constant air flow makes divided
particles outwardly through outlet valve 15.

The shredder-mulcher of cut branches of fruit trees is equipped with a hydraulic drive of working
bodies, in self-propelled machines providing a rational layout of active working bodies, the ability to use
significant drive power with limited dimensions, effective protection of working bodies against overload.

In fig. 3 shows a schematic diagram of the hydraulic drive of the working parts of the chopper-
mulcher, which ensures the operation of three hydraulic motors HM;, HM,, HM; from one hydraulic pump
HP with a reversible flow of working fluid. Changing the direction of rotation of the motors is done by
distributors D; and D..
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Fig. 3. Principle diagram of a hydraulic drive of working organs mulch

The safety valves SVi, SV,, SV; protect the hydraulic system from overloads. The presence of an
adjustable choke T in the hydraulic line of the discharge, allows you to adjust the frequency of rotation of the
feed rotor 13 (fig. 2) of the chopper-mulcher.

The use of the proposed shredder-mulcher for processing the cut branches of fruit trees in between
the rows of an intensive garden will increase the efficiency of grinding the branches of fruit trees, reduce
their losses, and increase the degree of their rational use.

4. Conclusion

For the further development of the horticulture industry, besides activating organizational,
technological and economic factors, it is necessary to technically re-equip the industry with machines of a
modern technical level, which will save energy, labor and financial resources, increase industry productivity
and competitiveness of products. The introduction of modern technical means of mechanization of
technological processes in the gardening technology will not only increase labor productivity, profitability of
the industry, increase production and reduce production costs, but also make production attractive for highly
qualified specialists and create conditions for securing labor resources in rural areas.

References
[1] Pro zatverdzhennia haluzevoi Prohramy rozvytku sadivnyytstva Ukrainy na period do 2025 roku i
halusevoi Programy rozvytku vynohradarstva ta vynorobstva Ukrainy na period do 2025 roku [On
approval of the sectoral program of horticulture development of Ukraine for the period up to 2025
and the sectoral program of development of viticulture and winemaking of Ukraine for the period up
to 2025] Nakaz Ministerstva ahrarnoi polityky Ukrainy vid 21.07.2008 N 444/74 [in Ukrainian].

26



% Ne 3 (102) /2018 TexHika, eHepreTuka,
o TpaHcnoprt AIIK
Vol. 102, No 3 / 2018

[2] Lupenka, Yu, Mesel-Veseliaka, V. (2012) Stratehichni napriamy rozvytku silskoho hospodarstva
Ukrainy na period do 2020 roku [Srategic directions of development of agriculture of Ukraine for
the period till 2020] K. : NNTS “TIAE” [in Ukrainian].

[3] Ratushna, N., Mahmudov, I., Kokhno, A. (2007) Metodychni pidkhody do stvorennia novoi
silskokhospodarskoi tekhniky u vidpovidnosti z vymohamy rynku naukoiemnoi produktsii [Methodical
approaches to the creation of new agricultural machinery in accordance with the demands of
the market of science-intensive products], 9, 119 — 123, MOTROL [in Ukrainian].

[4] Pacstyushenko, S. (2002) Pytannia opty-mizatsii tekhnichnykh system. [The questions of optimization
of technical systems], Xl, 266 — 271, Kyiv: Zbirnyk naukovykh prats NAU “Mekhanizatsiia
silskohospodarskoho vyrobnytstva”: Vydavnytstvo NAU [in Ukraine].

[5] Voitiuk, D., Ytsun, S., Dovzhyk, M. (2008) Silskogospodarcki mashyny: Osnovy teorii i rozrakhunku
[Agricultural Machines: The Basics of Theory and Calculation] Sumy: VTD “Universytetska knyga”
[in Ukrainian].

[6] Shmat, S., Luzan, S., Kolisnyk, S. (2010) Tendentsii stalogo rozvytku suchashogo
silskogospodarckogo mashyno-buduvannia v Ukraini i za rubiezem [Trendsin Sustainable
Development of Modern Agricultural Machinery in Ukraine and Abroad]. Retrieved from
http://dspace.kntu.kr.ua/jspui/handle/123456789/4971. /KNTU.-2010 [in Ukrainian].

[7] Aliiev, T., Solomakhin, A., Prudopohin, M. (2009) Rezultaty izucheniia perspektyvnykh system
soderzhaniia pochvy v intensyvnykh sadakh semechkovykh kyltur [ Results of the study of promising
systems of soil maintenance in intensive gardens of pome crops], 2, 24 — 26, Dostizheniia nauky
i tekhniky APK [in Russian].

[8] Deklaratsiinyi patent Ukrainy na korysnu model Ne 103174 U, MPK AOIF 12/40 | Podribnyuvach
gilok [Shredder of branches]/ Sereda, L., Rutkevich, V., Ziniev, M., Vyshnevskyi, V.; zaiavnyk ta
patentovlasnyk Vinnitskii natsionalnyi agrarnyi universitet — Ne u 2015 04516; zaiavl. 8.05.15; opubl.
10.12.2015, 23 [in Ukrainian].

[9] Ivanov, N., Sharhorodskyi, S., Rutkevych, V. (2013) Matema-ticheskaia model hidroprivoda
blochno-portsionoho otdelitelia konservirovannykh kormov [The mathematical model of the hydraulic
drive of the block-portion separator of canned feed]. 5, 83 — 91 MOTROL [in Russian].

[10] Rutkevych, V. (2017) Adaptyvnyi hidraviichnyi pryvod blochno-portsiinoho vidokremliuvacha
konservovanoho kormu [Adaptive hydraulic drive block-portable of canned forage block-batch
separator] 4(99), 108 — 113. Tekhnika, enerhetyka, transport APK [Engineering, power engineering,
transport of agroindustrial complexes] [in Ukrainian].

Cnucox BUKOPUCTAHUX [ZKepeJI
1. [Ipo 3atBepmkeHHs ramy3eBoi [Iporpamu po3BUTKY cajiBHUIITBA YKpaiHu Ha mepiog 10 2025 poky i
ranmy3eBoi [Iporpamu po3BUTKY BHHOTpazapcTBa Ta BUHOpoOcTBa Ykpainu Ha nepion no 2025 poky:
Haxka3 MiHnicTepcTBa arpapaoi mosituku Ykpainu Big 21.07.2008 N 444/74.

2. Jlynenko 0. O. Crpareriuni HanmpsiMi PO3BUTKY CUJILCBKOTO T'OCHOAApCTBa YKpaiHM Ha Mepiof 10
2020 poky / 1O. O. Jlynenko, B. f. Mecenb-Becensika. — K.: HHIIL “IAE”, 2012. — 182 c.
3. Parymua H. MeronuuHi miIXoad A0 CTBOPEHHA HOBOI CIIBCHKO-TOCHONAPCHKOI TEXHIKH Y

BIZIMOBITHOCTI 3 BUMOTaMH PHHKY HaykoemHoi mpoxykiii / H. Parymna, I. Maxmynos, A. Koxuo //
MOTROL, 2007. — Ne 9. — C. 119 — 123.

4. [Macrymenko, C. 1. IlutanHs onrtumizauii TexHidyHMX cucteM // 30ipHMK HaykoBuX mpaus HAY
“MexaHnizallis CijbChbKOrocmnoaapcbkoro BupoouuiTea”. — Kuis: Bunasuuinreo HAY, 2002, — T. XI. —
C.266 - 271.

5. Boiitiok /1. I'. CinbecbkorocnoapchKi MallimHA: OCHOBH TEOPii Ta pO3paxyHKY: HaBUYAIbHUI MOCIOHUK
[ . T. Botitiok, C. C. Suyn, M. 5. Jlopxkuk. — Cymu: BT]I «YHiBepcuTerchka kauray, 2008. — 543 c.

6. mat C. 1. TenaeHIii cTaioro poO3BUTKY Cy4aCHOTO CUTLCHKO-TOCIIOIAPCHKOT0 MAIIMHO-0YIyBaHHS B

VkpaiHi i 3a pyoexem / C. L. IlImart, I1. T'. Jly3an, C. B. Komicauk // KHTY, 2010. — [EnekrponHuii
pecypc] Pexxum noctymy: http://dspace.kntu.kr.ua/jspui/handle/123456789/4971.

7. Aunues, T. T'. Pe3ynbpraTbl U3y4eHUs] MEPCIEKTUBHBIX CHUCTEM COJCP)KAHUS TMOYBBI B MHTCHCHBHBIX
cagax cemedkoBbix KynbTyp / T. T'. Anmes, A. A. Conomaxun, M. B. Ilpumoporun u map. //
Hoctmwxenns Hayku u Texauku AlIK, 2009. — Ne2.— C. 24 — 26.

8. Jeknapariiiinuii naTeHT YKpainu Ha kopucHy Mozaeis Ne103174 U, MITIK AO1F 12/40 / IToapiOHioBay
rimok / Cepena JI. I1., Pytkeuu B. C.,3ines M. B., Bumnescekuii B. M. ; 3aIBHUK Ta MaTEHTOBIACHUK

27



http://dspace.kntu.kr.ua/jspui/handle/123456789/4971.%20/КNTU.–2010
http://dspace.kntu.kr.ua/jspui/handle/123456789/4971

% Ne 3 (102) /2018 TexHika, eHepreTuka,
> TpaHcnopt AIIK
Vol. 102, No 3 / 2018

BiHHUIBKMI HaliOHANBHUE arpapHuil yHiBepcuteT. — Neu201504516; 3asen. 8.05.15; Omy6u.
10.12.2015. — Brom. Ne 23.

9. UsanoB H. UW. Marematnueckass Monenb THUAPONPHBOAA OIOYHO-MOPLHHOHHOTO OTIEIUTENS
KoHcepBHpoBaHHBIX KopMmoB [Tekcr] / H. M. MBanos, C. A. Illapropoackwuii, B. C. PyrkeBuu //
MOTROL, 2013. — Ne5. — C. 83 —91.

10. PyrkeBnu B. C. ApantuBHWI riApaBliYHUA TPUBOJ OJOYHO-TIOPIIMHOTO  BiTOKpEeMITIOBaYa
KoHcepBoBaHOro Kopmy / B. C. PytkeBuu // Texnika enepretuka tpancnopt AITK, 2017. — Ne4 (99). —
C. 108 —113.

PO3POBKA NOAPIBHIOBAYA-MYJIbYYBAYA J1JIs1 IEPEPOBKHA

3PI3AHUX I'VIOK IVIOAOBUX AEPEB Y MIZKPAJJAX IHTEHCUBHOI'O CAY

Po3pobneno KoHCmMpyKmMueHO-mexHON02IUHY CcXeMy mMeXHIYH020 3acofy 0714 noopiGHeHH:A
3pizanux 2inoK y mincpaooi cady. Buznaueno nepcneKmueHuWii HANPAM ~ YMPUMAHHA TPYHHLY 6
MIHCPAOOAX caldy. 3a3HaueHi nepesazu Myabuylouoi mexHo102ii YMPUMAHHA NPUCMOBGOYPOGUX 30H 6
MIHCPAOOAX [HMEHCUBHO20 CaAdYy: HAKONUYEHHA MA YMPUMAHHA 6071024 y KOpeHesill 30Hi Oepes,
30a2aueHHAM MIHEPATbHUMU MA OP2AHIYHUMU e1eMEeHMAMU JHCUGEHHA MA NPUCKOPEHHA Rnpoyecy
ymichiayii (éiomeopenns poowuozo wiapy) 6e3 wikoou 0y eKo/02il. 3anponoHo8aHo 2iopasiiunuil
HpUGOO poodOYUX Op2aHie nOOPIOHINBAUA-MYTNLUYEAYA, L0 00360UMb OilbU AKICHO NOOPIOHUmMU 2iNNA
Nn10006UX 0epes ma Hanpasumu NOOPiGHEHY Macy y npucnogdypogy 301y cady 07151 MYIb4y8aAHHSL.

Knrwouosi cnoea: inmencugnuil cao, mixncpaoosn, 2inka, noopioHI0eay-myavuyeay, 2iOponpusoo,
2iopomomop, pomop, Hidic.

Puc. 3. Jir. 10.

PA3PABOTKA U3MEJIBYUTEJA-MYJIBYUUPOBATEJIA JUISA IEPEPABOTKHN CPE3AHHBIX
BETBEM IVIOJIOBBIX JIEPEBBEB Y MEXJIYPAIBEB HHTEHCUBHOI'O CAJIA
Paspabomano KoOHCMPYKMUGHO-MEXHONOZUYECKYIO CXeMy MEXHUUECK020 cpeocmea 0.
U3MEIbYECHUA CPE3AHHbIX Gemeell 6 menucoypaove caoa. Onpedeneno nepcnekmueHoe HANPagieHue
cooepicanue nouebl 8 MENCOYPAOLAX €aod. YKa3aHo Rpeumyuiecmeo Myavuupylouieii. mexuonozuu
CO0ePIHCAHUA NPUCMEOTIBHBIX 30H 6 MeENCOYPAOLAX UHMEHCUBHOZ0 CA0A: HAKONTEHUe U cooeprycanue
61a2u 6 KOPHEGOUl 30He 0epeebves, 0002aUieHUEM MUHEPATbHLIMU U OP2AHUYECKUMU ITNEMEHmMamu
RUMAHUA U YCKOpEHUa npoyecca cymuuxayuu (60cnpouzsedeHue niodopooHo2o cios) te3 yuiepoa o1
akonozuu. Ilpeonornceno zudpaenuueckuit npueood padoyux OpzaHos UMeNbYUMENA-MYTbUUPOSAmes,
Ymo no3eonum 0onee KAYeCHEEHHO U3MENbUUMb 6emeU NA0006bIX 0epeebe¢ U HAnpagumb
U3MEIbYEHHYIO MACCY 6 NPUCHIBOILHBIX 30HY CA0A O MYAbUUPOBAHUA.

Knwouesvie cnosa: uHmeHcugHuvlil cao, mexicoypaobe, 6emKa, UMeabUumenb-myabuupoeames,
2UOponpueoo, ZuOPOMOmop, pOmMop, HodH¢.

Puc. 3. JIut. 10.
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