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Pedepar. [Toxasanu, uto opraHuyeckue yIoOpeHus, B OTIMYNE OT MUHEPAIBHBIX, CIIOCOOHBI IaBATh MPUOABKY ypoKas
B TEUCHUE HECKOJIBKUX JIET, OHM HEe HAHOCAT BPEa OKPYXKAIOIIEH Cpelie U He 3arpsA3HAIOT MPOIYKIUIO0 0aXUeBBIX KYIbTYP
HUTpaTaMy. Y TOUYHWJIH, YTO MX BHECEHHE — OJIMH U3 3(Q(PEKTUBHBIX METOJIOB COXPAHEHHS TyMyca U TIOBBIIIEHHS IIIOI0PO-
IUS TIOUBBI, & 3HAUUT TOTy4YeHHUsI O0JIee MOTHOBECHBIX YPOXKAEeB 0aXUeBbIX KYAbTYD C BBICOKUMHU MOKA3aTENsIMH KAYecTBa.
Pazpaborany KOMOMHUPOBAHHBIN arperat Ui IOKAIBHOTO BHECEHUS OPTaHMIECKHUX YI0OpEeHUH Mo OaxueBble KYIbTY-
pol. (Lenw uccredosarnus) TeopeTnueck 000CHOBATH B3aUMOPACIIONOKEHUE pabOUMX OpraHOB KOMOMHUPOBAHHOTO arpe-
raTa Jyis JJOKaIbHOTO BHECEHUs OPTraHW4ecKux ynoopeHuid. (Mamepuanst u memoowt) 11poBenn TeopeTHueckne 1ecieao-
BAHMUS C MCTIOJIb30BAHUEM METOJIOB AaHATUTHYECKOW TeOMETPHIHI U TeOpeTHIecKoi MexaHnku. Onmcanu cxemy paboThI HO-
Boro arperata. (Pesyrvmami u 00cyscoenue) ILoMydam 3aBECUMOCTH IS OIPEICTICHHUS TTOTIEPEUHBIX PACCTOSHIN MEXITY
00p0o310pe3aMu, OCYIECTBIAIONINMEI HAPe3Ky OOPO31T I BHECEHHS] OPTaHUYECKUX YIOOpEHUH U I MONNBA, a TaKKe
HPOAOIBHBIX PACCTOSHUI OT BEAYIIMX 3aHUX KOJIEC TPAKTOPA 0 60PO3I0PE30B, OCYIIECTBISIONIMX HAPE3KY 60PO3 . s
3a/IENKM OPTAHMYECKUX yAO0OpEHHH, 0T OOPO3I0PE30B [UIS MX BHECEHHS [0 pa30OpachIBaTeNs yI0OpeHHi 1 oT pa3dpachl-
BaTens ynoOpeHuit 1o 60opo3nopesa s Hape3KH MONTUBHOM 60po3/ibl. Paccuntany onTuManbHble 3HAUEHUs STHX Mapame-
TPOB. (Bbi600bi) Y CTAHOBUIIH, UTO TIOTIEPEUHOE PACCTOSHHE MEXTY pA0OOUNMHU OpraHAMH, OCYIIECTBIISIOUMHI Hape3Ky 00-
O3 LTS BHECEHHS OPTaHUYECKHX yI0O0peHHi, TOIKHO cocTaBniTh 0,9-1,3 M, a Mexx1y pabounMu OpraHaMH i Hape3Ku
HOJIMBHOM 60PO3/IBI 1 00PO3/IBI TS BHECEHUS OpraHuueckux ynoopenuii — 0,45-0,65 M. Onpenenuny onTuMaabHbIe 3HAUE-
HHUS TIPOJOIBHOTO PACCTOSIHUS: OT BEAYIINX 33 JHAX KOJIEC TPAKTOpa I0 PabOYNX OpPraHOB HAPE3KU OOPO3 TS BHECEHHS
ynobpenuit — He meHee 0,21 M; 0T Hocka paboUUX OPraHoB J0 pa3dpackiBaTess ynoOpeHuil — He MeHee 1,5 M; OT LieHTpa
pa30pachIBaTENs 0 HOCKA paboyero opraHa ajst Hape3Ku MOJMBHON 00po3/ibl — He MeHee 0,74 M.

Karouesbie ci10Ba: ToKambHOE BHECEHHE OPTAaHMIECKHX Y00 peHNH, KOMOMHUPOBAHHBIH arperar, pacroiokeHne pabounx
OpTaHoB, Hape3Ka OOPO3 1S BHECEHNUS YIOOPEHNUIT 1 TOJIHBA.
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Abstract. The author proves that organic fertilizers, unlike the mineral ones, are capable of increasing yields over several
years; they do not harm the environment and do not pollute the melon crop fields with nitrates. It has been clarified that
their introduction is one of the most effective methods of humus conservation and soil fertility enhancement, which means
obtaining fuller yields of high-quality melons and gourds. The NIIMESH researchers have developed a combined unit
for local application of organic fertilizers for melons and gourds. (Research purpose) Conducting theoretical studies on
the substantiation of the configuration of the working tools of a combined unit for local application of organic fertilizers.
(Materials and methods) The author has conducted theoretical studies using methods of analytical geometry and theoretical
mechanics. (Results and discussion) Analytical dependences have been obtained to determine transverse distances between
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furrow shapers used for applying organic fertilizers and making an irrigation groove, as well as longitudinal distances
between the tractor's rear wheels and the furrow shapers applying organic fertilizers, between the furrow shapers and the
fertilizer spreader, and between the fertilizer spreader and the furrow shaper making an irrigation furrow. (Conclusions) It
has been determined that transverse distance between the working tools that make furrows for applying organic fertilizers
should range between 0.9 and 1.3 metre, transverse distance between the working tools making an irrigation furrow and a
furrow for the application of organic fertilizers is 0.45-0.65 metre. The optimal values of longitudinal distances have been
found as well: between the tractor's rear wheels and the working tools making furrows for applying fertilizers — no less than
0.21 metre, between the tip of working tools and the fertilizer spreader — no less than 1.5 metre, and between the fertilizer
spreader center and the tip of working tools making an irrigation furrow — at least 0.74 metre.

Keywords: local application of organic fertilizers, combined unit, configuration of working tools, furrow shaping for
fertilizer application and irrigation.
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of melon cultivation is to increase the yield of

melons and gourds by improving the agricultural
technology of soil cultivating, developing new varieties,
as well as improving soil fertility. Organic fertilizers,
as contrasted to mineral fertilizers, are capable of
giving a yield increase over several years; they do not
harm the environment and do not pollute melon fields
with nitrates [1, 2].

The application of organic fertilizers in a semi-fusty
and rotted form is one of the most effective methods
of preserving humus and increasing soil fertility, and,
therefore, obtaining more comprehensive yields of
high-quality melons and gourds.

Local application of organic fertilizers prevents the
disadvantages typical for the spreading method.

Basing on the above-mentioned facts, our institute
has developed a combined unit for local application
of organic fertilizers for melons and gourds [3-5].

THE RESEARCH PURPOSE is to theoretically determine
the configuration of working tools of a combined unit
for local application of organic fertilizers.

MaTeRIALS AND METHODS. The unit for local application
of organic fertilizers includes frame /, hopper 2 mounted
on it with a seed sowing unit in the form of paddle
drums, support-driving wheels 3, working tools 4 that
make furrows for applying fertilizers, working tool 5
making irrigation furrows and fertilizer spreaders 6
(Fig. 1).

In the operating process, working tools 4 open up
two furrows, into which fertilizers flow from hopper
2 through spreaders 6. Working tool 5 makes an
irrigation furrow between the furrows with introduced
fertilizers. At the same time, the soil moved asides,
encloses the fertilizers and forms ridges.

ResuLTs AND DiscussioN. The configuration of the
working tools of a combined unit is determined by the

The most effective way of increasing the output
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following parameters (Fig. 1):

B, —transverse distance between the working tools
(furrow shapers) making furrows for applying organic
fertilizers, m;

B, —transverse distance between the working tools
for making an irrigation furrow and furrows for applying
organic fertilizers, m;

[/, — longitudinal distance between the tractor’s
driving rear wheels and the working tools making
furrows for applying organic fertilizers, m;

l,—longitudinal distance between the working tools
making furrows for applying organic fertilizers and
the fertilizer spreader, m;

l; — longitudinal distance between the fertilizer
spreader and the working tools for making an irrigation
furrow, m.

Lateral distance between the working tools making
furrows for applying fertilizers can be determined with
the following formula (Fig. 2):

Bl =b +2by, (1)

where b is the distance between seed rows;

byis the distance between a seed row and the furrow
for applying fertilizers.

According to the schemes (Fig. I and 2), transverse
distance between the working tools making furrows
for applying organic fertilizer and irrigation:

B,=B,/2=0,5b +b,. ?)

Longitudinal distance between the tractor’s rear
drive wheels and the working tools making furrows
for applying fertilizers should eliminate any possibility
of soil clogging between them, because otherwise the
technological process of the unit can be disturbed and
energy costs for furrow making may increase.

To fulfill this condition, the propagation zone of
soil deformation under the influence of the working
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Fig. 1. Configuration parameters of the working tools of a
combined unit
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Fig. 2. Determination of transverse distance between working
tools making furrows for applying fertilizers

tools should not reach the tractor’s driving rear wheel,
in other words:
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Fig. 3. Determination of longitudinal distance between the
tractor’s driving rear wheels and working tools making furrows
for introducing fertilizers

L > 1, 3)

where /, is longitudinal distance over which the soil

deformation extends (Fig. 3):
lo=h ctg y, “)
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where /£, is the operating depth of the working tools
making furrows for applying organic fertilizers;

wis the longitudinal splitting angle of the soil, which
is equal to [6-8]:

:Z_ay+¢l+¢2
2 2

where a, is the soil penetration angle of the working
tool tip;

@1, ¢, — respectively, are angles of external and
internal soil friction.

Operating depth £, of the working tools making
furrows for applying organic fertilizers can be determined
with the formula [9, 10]:

J2H.
b= c 6
N ©

where H. is the total depth of the furrow for applying
organic fertilizers.

Taking into account equations (4)-(6), expression
(3) can be presented as:

\/EHct (ay+¢l+¢2j

, ©)

[, >

T2 g 5 (7

Longitudinal distance between the working tools
making furrows for applying fertilizers and the fertilizer
spreader is determined basing on the condition that
organic fertilizers should be applied along the entire
length of the furrows to the same depth.

To fulfill this condition, fertilizers should be applied
to the bottom of the furrows after shedding lumps and
soil particles from their slopes, which means that:

L>1,+V,t+0,5dr, )

where [, is the length of the working tool making furrows;

V. is the operating speed of the unit;

tis the time spent on shedding lumps to the furrow
bottom from its slopes;

dr is the fertilizer spreader diameter.

In expression (8), the time spent on shedding lumps
to the furrow bottom from its slopes is unknown. To
determine it, we should make up a differential equation
of motion for a lump falling from the furrow slope to
its bottom (Fig. 4). It will look like this:

2
mflx—Gsing—F, )

P

where m is the lump mass;

x is the reference axis directed along the furrow
slope;

G is the lump weight;

¢ 1s the inclination angle of the furrow slope to the
horizon (the angle of natural shedding of the soil);

Fis friction force.

Taking into account that G = mg (where g is the
acceleration of gravity) and F = f,Gcose = fomgcose
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Fig. 4. Movement of soil lumps along the furrow slope

(where f; is the coefficient of internal friction of the
soil), expression (9) can be represented as follows:
d’X

o = g(sine— f,cos¢€). (10)

Performing double integration of this equation
taking into account the initial conditions
(at £ =0 (dX/dt =0 and x = 0), we get:

2

X :%(sing—f2 cos€). (11)

This equation for a lump crumbling from the very
top of the furrow slope has the following form:
H

.
— :g—(smg—f2 COS€).
sine 2

(12)

Solving it with respect to ¢, we determine the time
spent on lump shedding to the furrow bottom:

. 2H, .
g(sine— f, cosg)sine (13

Given this expression, equation (8) takes the form:

2H
L>1+V, - € -
g(sineg— f, cosg)sineg

+0,5d,. (14
Longitudinal distance between the fertilizer spreader

and the working tool making an irrigation furrow is

determined on the basis of the following condition:

2H
l3>Va y+ \/EH tg ac+¢l+(p2 ,
g 1+42 2

where H, is the arrangement height of the fertilizer
spreader relative to the furrow bottom for applying
fertilizers;

H is the total depth of an irrigation furrow;

o. 1s the soil penetration angle of the working tool

(15)

making an irrigation furrow.

When condition (15) is fulfilled, the application of
organic fertilizers by working tools making an irrigation
furrow starts after the fertilizers are fully applied to
the furrow bottom intended for fertilizer application.
Asaresult, the fertilizers are introduced to the required
depth.

Basing on agrotechnical requirements and reference
sources, we will take [10, 11]: 5 = 0.9 m; b, = 0-0.2 m;
H.=0.3m;a,=30%¢, =30%¢p,=40%[,=0.75m; V,=
2m/s; H=0,3m; H=0,35m; g = 9.81 mc?, and also
according to expressions (1), (2), (7), (14) and (15), we
can find that transverse distance between the working
tools making furrows for applying organic fertilizers
should equal 0.9-1.3 m; transverse distance between
the working tools making an irrigation furrow and a
furrow for the application of organic fertilizers — 0.45-
0.65 m; longitudinal distance between the tractor’s
driving rear wheels and the working tools making
furrows for applying fertilizers — not less than 0.21 m;
longitudinal distance between the tip of the working
tools and the fertilizer spreader is at least 1.5 m;
longitudinal distance between the fertilizer spreader
center and the working tool tip making an irrigation
furrow — at least 0.74 m

ConcLusions. As a result of theoretical studies on
the configuration of working tools of a combined unit
for preparing fields for planting by making furrows
for fertilizer application and irrigation furrows, as well
as local fertilizer application, analytical dependences
have been obtained taking account of the performance
of a given process.

Using these dependencies, we have calculated that
transverse distance between the working tools that
make furrows for applying organic fertilizers should
range between 0.9 and 1.3 m, transverse distance
between the working tools making an irrigation furrow
and a furrow for the application of organic fertilizers
is 0.45- 0.65 m. The optimal values of longitudinal
distances have been found as well: between the tractor's
rear wheels and the working tools making furrows for
applying fertilizers — no less than 0.21 m, between the
tip of working tools and the fertilizer spreader — no
less than 1.5 m, and between the fertilizer spreader
center and the tip of working tools making an irrigation
furrow — at least 0.74 m.
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