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ABSTRACT

BACKGROUND: Solving the problem of efficient use of the Russian-produced energy-saturated 4K4b wheeled tractors of high
(235-350 kW) power, which are the basis for the formation of an innovative fleet of mobile energy facilities in the regions
of the Siberian Federal District, in zonal tillage technologies with velocity ranges limited by the requirements of agricultural
technology and resource saving, is a relevant task.

AIMS: Determination the conditions for the reasonable configuration of the 4K4b wheeled tractors for operational tillage
technologies.

METHODS: The basis for solving the problems to achieve the aim is the conditions and methods of a multi-level system
of technological adaptation of wheeled tractors.

RESULTS: Based on the results of simulation and experiment, it was determined that the most reasonable method for adapting
tractors to tillage technologies in terms of minimum labor costs and the level of capabilities implementation is the formation
of the operating mass of the basic configuration at the nominal mode, corresponding to the optimal values of the specific mass
at ey =0.40 and V,,, =2.90 m/s which are m;om =58.0 kg/kW for single wheels and m;(m =62.4 kg/kW for dual
wheels, with adjustable axle distribution. The scientific novelty of the study lies in building the model that helps to establish
areasonable traction range of a tractor of various configurations for operational tillage technologies with an interval of nominal
operating velocities of 2.5-3.3 m/s, limited by the conditions of resource saving by the modes of maximum traction efficiency
and acceptable slipping.

CONCLUSIONS: The practical value of the study lies in the possibility of using the developed recommendations
for the reasonable configuration of tractors in tillage operations.
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OpMFMHaﬂbHOE ncenenosaHme

MoTeHuManbHbie BO3MOXKHOCTU NOBbILIEHUA
TEXHOJIOrMYeCKOro ypoBHA KONECHbIX TPAKTOPOB
BbICOKOW MOLLHOCTH

H.W. CennaaHos’, A.B. KyHeuos" 2, H.B. Kysbmun', B.I'. LLipam?, 10.0. Kaitzep 2
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AHHOTALMA

O6ocHoBaHue. PelweHune npobnembl 3GHEKTUBHOMO MCMOMb30BAHWUA HEPrOHACHILLEHHBIX KONMECHBIX 4KA46 TPaKTOpOB BblI-
COKOW MoLyHocTM (235-350 KBT) poccuitcKoro NpoM3BOACTBa, NPeACTaBNAILIMX OCHOBY GOPMUPOBAHUA UHHOBALIMOHHO-
ro NapKa MobWNbHbIX IHEPreTUYECKMUX CPeACTB permoHoB CubupcKoro ¢pefepanbHoro OKpyra, B 30HasbHbIX TEXHONOTUAX
no4Bo06paboTKM C OrpaHWUYeHHbIMM M0 TPeHOBAHUAM arpOTEXHUKM U PecypcocHepereHns CKOpPOCTHbIMM AManasoHaMu,
ABNAGTCA aKTyanbHOW 3afaven.

Lenb pabotbl — onpefeneHve YCNOBUM paLMOHaNbHOW KOMMNEKTALUMM KONMECHBIX 4KA4O TPaKTOPOB [NIA OMepaLyOoHHBIX
TEXHONOr MM NOYBOOOPAbOTKM.

Matepuanbl u MeTofbl. B 0cHOBY peLLeHWA NocTaBneHHbIX 3afay ANA AOCTUKEHUA 3aABNEHHOW Lenu NosoHKeHbl YCIoBUA
1 MeTofbl MHOFOYPOBHEBOM CUCTEMbI TEXHOJIOTMYECKOW afanTaLym KoNecHbIX TPaKTOpOB.

PesynbTatbl. o pe3ynbrataM MoAennpoBaHWA U SKCNepUMEHTa onpegeneHo, YTo Hanbonee pauMoHanbHBIM N0 MUHUMY-
My Tpy[03aTpaT M YPOBHIO peanqsauuu noTeHUManbHbIX BO3MOMKHOCTEN MeTOLOM afjanTauuu TPaKTOPOB K TEXHONOTMAM
no4yBoobpaboTkun ABNAETCA (HOPMUPOBaHME SKCMyaTaLMOHHOW Macchl 6a30BOM KOMMMEKTALMM B HOMWHANBHOM PEMU-

Me, COOTBETCTBYIOLLEN ONTUMANIbHBIM 3HAYEHWUAM YAENbHOW Macchl npu @;PH =0,40 u V;, =2,90 M/c Ha oiHapHbIX
m;om = 58,0 Kr/KBT 1 cABOEHHbIX m;,m = 62,4 Kr/KBT Konecax, ¢ perynupyembiM pacnpegeneHueM no ocaM. HayuHas
HOBM3HA WUCCNed0BaHNA 3aKNIOYAEeTCA B MOCTPOEHUM MOJENM, NO3BOAIOLLYI0 YCTAaHOBUTb PaLMOHaNbHBIN TAFOBLIN AMa-
Ma3oH TPaKTOpa PasHOM KOMMJEKTaLuMM ONA onepaLMoHHbIX TEXHOMOMMIA NouBoo6bpaboTKM C MHTEPBANOM HOMUHAMBHBIX
paboumx crkopocTeit 2,5-3,3 M/c, orpaHUYeHHBIN N0 YCIOBMAM pecypcocbeperkeHna pexmMMamMn MakcMManbHOro TAroBOro
KM n ponyctuMoro 6ykcoBaHus.

3aknioueHue. [lpaKkTUyecKas LEHHOCTb MCCNEOOBaHWA 3aKMIYaeTCA B BO3MOMHOCTM MCMONb30BaHUA pa3paboTaHHbIX
peKoMeHAaLMM No paLMoHaNbHOM KOMMMEKTaLMM TPAKTOPOB Ha onepauuax No4BoobpaboTKm.

Kniouesbie cniosa: KosecHble mpakmopbl; mexHosozuu no4eoo6pabomku; Memods! adanmayuu; ydeseHas Macca.
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BACKGROUND

The formation of an innovative tractor fleet in agriculture
for a country’s main crop producers involves transitioning
to new and modernized existing models of energy-rich
wheeled tractors, adapted to regional natural production
conditions. Considering natural and production—economic
factors [1], the basis for reequipping the tractor fleet
in the Krasnoyarsk Territory and other regions of the Siberian
Federal District for zonal grain cultivation technologies is
served by the model ranges of wheeled 4k&b high-power
(235-350 kW) Russian-made tractors K7-Kirovets by PTZ
and Rostselmash with mechatronic control and navigation
systems [2, 3].

The defining parameter of the traction concept
tractor is the nominal traction force P, ,, under which
a set of working machines and a composition of units
for operational soil cultivation technologies of groups
of different energy intensities are formed. The stability
of this indicator, regardless of the energy saturation level
and configuration, is fundamental in the existing and
future systems for constructing the type and aggregation
of tractors. With increasing energy saturation of the traction
concept tractor, the condition for implementing P, ,
and operational power N, shifts to the higher speed
zone with a simultaneous increase in the speed range
with incomplete use of engine power, in which traction
performance is limited by adhesion.

The problem of effectively using energy-saturated
tractors of various basic configurations on single (1w) and
dual (2w) wheels in soil cultivation technologies with speed
ranges limited by the requirements of agricultural
technology and resource saving has acquired particular
relevance and requires a solution, considering the possibility
of implementing the recommendations developed
by manufacturers under conditions of production operation.

STUDY AIMS AND OBJECTIVES

This work aimed to determine the conditions
for the rational configuration of 4k4b wheeled tractors
for operational soil cultivation technologies.

The study object is the process of forming the adapter
parameters of wheeled tractors for operational tillage
technologies.

Achieving this goal involves solving the following tasks:
1. Establish the conditions for implementing the potential

capabilities of tractors in soil cultivation technologies;;
2. Make a comparative appraisal of the efficiency

of the methods used for adapting tractors to operational
tillage technologies; and
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3. Develop recommendations for the rational configuration
of tractors for soil cultivation operations.

MATERIALS AND METHODS

Solving the problems to achieve the set aim is based
on the conditions and methods [4-6] of a multilevel
system of the technological adaptation of wheeled
tractors:

1. The speed range of modern and promising tillage units,
rational in terms of agricultural requirements and resource
saving, is in the range of (V,;, — Vi) = 2.0-39 m/s
(7-14 km/h) with nominal operating speeds for established
groups of operations V,, =2,50 m/s (9.0 km/h);
V,,=2,90 m/s (105 km/h); and V,; =3,33 m/s
(12.0 km/h).

2. The maximum traction efficiency zone on the potential
traction characteristic of a 4k&4 wheeled tractor under
standard conditions, regardless of the configuration
and level of energy saturation, is limited by the mode
Gepmin = 0,36 of maximum value T, =0,665
(Tw) to 0.715 (2w) at B, =m, € P, and
the maximum permissible slipping &, =0,16
corresponding to the mode @,, =0,47 (1w) to 0.49
@w)and P, =m, - g ¢, according to the adhesion
conditions of the propulsion.

3. The n*ominal *traction mode of the tractor (png =0,40
at M, = Nume  determines the value of the main
classification indicator P,;H =3,92-m,-10” (kN) and is

the basis for optimizing the main adapter parameter for

i)

operating technologies, namely, specific weight 72, =

in a rational traction range, limited to (p:pmm and

Prom =045 at 8, <8, and n,, <M, .

The condition for the full implementation of the
power N, of a tractor of any configuration in a rational
traction range (2. —ﬂpmm)* and a range of nominal
values (V, ) is the equality of the following

p max

-V

min H max
ratios [7]:
N _ _ Kkpmax "V Hmin - Kpmin "V H max -
” T]T T]TmaX
.o .M
— PKpH : VH — P}(plmax : Vmin — Pl(pB ' I/S
T]’I‘H nTS anS
where B, V;=2,0 m/s, and m,; are indicators at o, ;
Viin =2,20 is the minimum operating speed for the
V.
operations of group 1at 8,,, and B, = Bys V_S

min
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In relation to unit power N, =1,0 kW and
B, =m,-g-¢,-107 Eq. (1) takes the form:

Y

(myJ] : (PKp ):nax : Vljmin —

Min
_ (myu .(pxp )min : VHmax —

nTmax
m, - LV

:( yI (E]KE)H H — .g'10—3:150. (2)
— (myu (pr)S min —

nTS
— (myu .(pxp)fi I/B

T]Ta

With the established values of ¥, and dependencies
Ny = f((pr), the optimal levels of specific adapter
parameters m,, (kg/kW) and 7, (KN/kW) for each group
of operations are as follows:

* T]n
myni = -3 ;
& Py Vi 1107
’ . ©)
Pyni :myui 'g.q‘)xpi '1073 :V_il-
Hi

Taking the nominal traction mode ¢,,, =0,40 With

* * nm
m =m =
s e g : (prH ' VHl ' 1073
group 1 as base one, the optimal ratios of specific parameters

for different groups of operations and configurations are
accordingly as follows:

in the operations of

* * * anH
Amy,, =mymy,, = [}“(P—WJ <10;
KpH H J;
. P
}\'l)wli = iﬂl :(}\'nTH] SI,O, (4)
P\, )
}\'m;llh‘ = m:’HZK y}11|< = (knTH }\‘(Plcpn) > 1,0

Exceeding the actual value of the specific welght
m;"m of optimal mm shifts the tractlon mode (pr,,
corresponding to VH to the zone (pr, <(pr, and vice
versa, at ml, <m, Qo> Q..

The degree of implementation of the potential capabilities
of a tractor of any configuration in 50|l cultlvatlon technologies
with established values of m,,,, m,, and m, is
characterized by the complex indicator K, [5], which
represents the product of partial efficiency criteria for

productivity K, =A-m,_, operating  weight
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K, =(2—X-myﬂ), and  fuel  consumption
1
KEZLZ—}miJ:
K,=K, K, -K,>K . (5)

From the condition K, . =10, at An, >1,0 and
Am,, <1,0 the restrictions K, =K, =K,=1,0 are
accepted.

To comparatively assess the technological level
of a tractor on dual and single wheels, Eq. (5) has the form:

K.

MKy =—2 = (MK, - MK, -AK,) . (8)

O1K

The basic configuration of 4k4b wheeled tractors is
characterized by furnishment with single (Tw) or dual
(2w) wheels. Installing dual wheels is a rather simple
and effective way to solve the problem of implementing
the power of energy-saturated tractors by substantially
increasing and regulating the operating weight while
increasing the carrying capacity and reducing the specific
pressure on the soil. In relation to the model ranges
of Kirovets and RSM tractors [2-5], the increase in m,,,,.
due to a set of 800/65R32 and 710/70R38 tires weighing
my. =2200 kg reaches 13%-14% while reducing
the specific pressure by 43% and rolling losses by up to 27%
with an unsubstantial (1.5%-2.0%) decrease in the abscissa
of the center of mass.

RESULTS AND DISCUSSION

According to the simulation results, for each group
of operations, the nominal values of the specific parameters
m,,, and B, for .., =0,40 and permissible intervals
for their change W|th|n the limits of the rational traction
range (prmm (prH <(P.<pmdx were established using
Eq. (4) and the experimental dependencies n, = f(¢,,)
of the specified tractors of different configurations [5].

The dependencies obtained enabled giving a comparative
assessment of the efficiency and feasibility of the most
used methods for implementing the potential capabilities
of these tractors (Table 2) in operational soil cultivation
technologies.

Option 1 characterizes a tractor with a constant specific
weight for single 67.3* kg/kW and dual 72.4* kg/kW
wheels at ¢,,, =0,40 and rated speed V,; 2,50 m/s
in group 1 operatlons corresponding to 71, =255-F,,
(kN) and 4, =0,57 (1w)/0.56 (2w). The specified
configuration ensures the tractor functioning in the
traction range (P, s ~ @,mn) With a range of operating
speeds of 2.0-2.8 m/s, corresponding to the operations
of groups 1-2 of high-speed (V,, = 2,2 m/s) and special
(V5=2,0 m/s) units at K,=0,887-1,00. In the

7816/0321-4443-321774
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Table 1. Specific parameters-adapters of the 4K4b wheeled tractors of various configurations to tillage technologies
Tabnuua 1. YpenbHble napaMeTpbl-afantepbl KONECHbIX 4K46 TPAKTOPOB Pa3HOI KOMMIEKTALMM K TEXHONOTMUAM No4B006PaboTKM

Traction

*

' . m,, , kg/kW
mode Configuration P n,
(force) Vir=2,90 m/s | V3=3,33m/s | V,.=2,20m/s | V=2,0m/s
(P:pmm Tw 0,360 0,665 75,3 64,9 56,5 85,5 94,1
2w 0,360 0,715 81,0 69,8 60,8 92,1 101,3
(P:pa Tw 0,400 0,660 67,3 58,0 50,5 76,5 84,1
2w 0,400 0,710 72,4 62,4 54,3 82,3 90,5
(P’;pmax Tw 0,450 0,640 58,0 50,2 43,5 66,4 73,1
2w 0,450 0,690 62,3 53,7 46,8 .4 78,5
Pt Tw 0,470 0,633 54,9 47,3 41,2 62,4 68,6
2w 0,490 0,683 56,8 49,0 42,7 64,3 70,7
Table 2. Indicators of the technological level of the 4K4b wheeled tractors of various configurations
Tabnuua 2. [okasaTenu TeXHONOrMYECKOr0 YPOBHA KONMECHBIX 4KAO TPAKTOPOB pa3HOM KOMMMEKTALMM
Configuratiqn (operating Barameters Parameter values (1w/2w)
weight Vii=2,50 m/s | V;,=2,90 m/s | V;,=3,33m/s | V,.,.=2,20 m/s | V;=2,0 m/c
Constant m;“ , kg/kW 67,3 67,3 67,3 67,3 67,3
k’;'a = Moy = 255K, 72,4 72,4 72,4 72,4 72,4
Ppn 0,400 0,347 0,296 0,444 9,470
’ ’ ’ ’ 0,485
0,710 0,715 0,700 0,693 0,684
BoiW 0265 029 0195 0293 0310
0,284 0,245 0,210 0,315 0,344
4, 0,59/0,58 0,59/0,58 0,59/0,58 0,59/0,58 0,59/0,58
K, 1,0 1,0 0,985 0,977 0,960
K , 1,0 1,0 0,970 0,953 0,920
K, 1,0 0,840 0,667 1,0 1,0
K, 1,0 0,840 0,637 0,931 0,887
MK 5 1,128 1,128 1,130 1,127 1,109
Adjustable with renlovable m;u , kg/kW @ M 50,5 @ @
ballast 71, = My, 72,4 62,4 54,3 72,4 72,3
= My - 0,470
Mo =3y 235F00  Pup 0,40 0,40 0,40 0,444 045
0,710 0,710 0,710 0,693 0,684
BowKW 0265 0238 0198 0295 0310
0,284 0,245 0,213 0,315 0,344
oy 16,8 7.5 0 168 16.8
18,1 8,1 0 18,1 18,1
A 0.61 0.57 0.57 0.61 0.61
0,60 0,56 0,56 0,60 0,60
K, 1,0 1,0 1,0 0,931 0,882
AK 1,128 1,128 1,130 1,127 1,110
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Table 2. Ending
Tabnuua 2. OKoHuaHMe
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Configuration

Parameter values (1w/2w)

. . Parameters
(operating weight) V=250 m/s | V,,=2,90 m/s | V,,=3,33m/s | V,,=2,20m/s | V,=2,0 m/s
Constant with adjustable ka/kW * *
axle distribution My + K 38,0 58,0 58,0 62,4* 68,6*
of removable ballast B 62,4 62,4 62,4 64,3 70,7
my,; (0,07 —0,08)7,, Orpu 0,450 0,400 0,350 0,470 0,470
0,485 0,490
Mo 0,645 0,660 0,665 0,633 0,633
0,693 0,710 0,715 0,683 0,683
B, kN/kW 0,256 0,228 0,199 0,288 0,316
0,275 0,245 0,214 0,311 0,342
A: 0,61/0,60 0,57/0,56 0,57/0,56 0,61/0,60 0,61/0,60
]?W 0,977 1,0 1,0 0,961 0,961
K, 0,952 1,0 1,0 0,917 0,917
K, 1,0 1,0 0,852 1,0 1,0
1?3 0,930 1,0 0,852 0,881 0,881
MK 1,128 1,128 1,130 1,110 1,110

operations of groups 2 and 3, because of the shift of the traction
mode to the zone, @i, <(prm,n K, =0,840-0, 637,
which is irrational because of the excess of m up
to 33%. The configuration with dual wheels in all tract|0n
and speed modes, except ¢, ensures an increase
in the technological level of the tractor to MK, =1,128.
This category includes the K-730 and K-735 tractors
of the K-7 series with single wheels in the standard
configuration [8].

Option 2 represents a tractor with a wide range
of specmc welght regulations due to removable ballast from
myumm =My, = 50 5 (1w) to 54.3 (2w) kg/kW at m, =0
up to myﬂmax = 67 3 (1w) to 72.4 (2w) kg/kW with
full ballast mByumax = m =16,8(1x) —18,1(2x) kg/kW
for the use of dlfferent groups in soil cultivation operations
in the zone (pm 0,40 with K, =1,0 and stability
of the indicator AK . For operation as part of mounted
units at 7/=2,0-3,0 m/s, the abscissa of the center of mass
is changed to A4, =0,61/0,60 by moving a part of the
ballast weights considering their location while maintaining
the value myﬂ1 Meanwhile, a NV, >200 kW tractor with
full ballast, regardless of its configuration, grades into
a higher traction class. This option is the most optimal
for implementing the potential capabilities of the tractor
in soil cultivation technologies but requires additional
costs and qualifications of the operator to adapt it

DOl https://doi.org/10.17816/0321-4443-321774

to operating conditions. This category is represented
by RSM series 2 and 3 tractors on dual wheels in the basic
configuration with a maximum mass of removable ballast
mg,.. =(0,20-0,25-m).

The doubling of wheels with a full weight
m,, =2200 [2-3] provides in all variants an increase
in the nominal traction force by 8.63 kN, which is decisive
for the transition of the tractor to the adjacent higher
(up to 6) traction class. The tractor transition from traction
class 6 to traction class 8 when doubling the wheels is
possible by installing additional ballast weighing at least
2400 kg.

For option 3, we considered a tractor of any basic
configuration with a constant value and adjustable distribution
along the axes of the specific mass rTz;l =358,0 (1w) to
62.4 (2w) kg/kW due to displaceable removable ballast
mg,, =(0,075—0,085)7,, at a nominal traction speed
mode corresponding to ¢,,, =0,40 u ¥y, =2,90 m/s.
The established values of 7, oensure the tractor
functioning in operations of all groups in the traction
range  (Qumn — Ppme) At K5 =0,852-1,00.
The abscissa of the center of mass is increased to
A: =0,61/0,60 in the group 1 operations by moving
a part of the rear ballast to the zone of the front
one. To implement potential opportunities in the
Vs -V,,)=2,0-2,2 m/s interval at K, >R

Dmin 1
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the HAWI (hydraulic adhesion weight increaser)
from the condition ey, =(0,107-0,110)-m, .
is used. This option for adapting the tractor to production
conditions has considerable advantages over those
discussed above regarding the technological level and
implementation costs. In a somewhat simplified form, it is
used when setting up the K-739, K-740, and K-742 tractors
to perform specific operations on dual wheels.

The presented simulation results show that the
potential opportunities for increasing the technological
level of high-power wheeled tractors at the achieved
speed intervals cannot be used to perform tillage and
sowing operations according to agrotechnical requirements
and energy costs without regulating the operating weight
by installing a ballast and dual wheels. Performing these
operations considerably increases the labor intensity
of tractor operation and requires a higher professional
level of machine operators and the use of additional
technical means for preparatory work on adjusting
parameters, namely, adapters before the start of the
technological process. Considering the estimated efficiency
indicators of the main methods and the level of ballasting,
the adaptation should be based on the last option using
dual wheels with an adjustable installation of removable
ballast 77, = (0,07 —0,09)i,, as the basic configuration
of the tractor.

CONCLUSIONS

1. The rational traction range of the 4k&b tractor of various
configurations for operational tillage technologies
with a range of nominal operating speeds of 2.5-
3.3 m/s, according to resource-saving conditions, is
limited within the maximum traction efficiency zone
by modes @, min (Mrmax )~ Prpmas (8,) = 0,36 = 0,45
with an acceptable reduction in the complex indicator
of manufacturability K;, =20,880.

2. The most effective method for adapting a tractor to
tillage technologies in terms of minimum labor costs
and the implementation level of potential capabilities is
to form the operating weight of the basic configuration
at ¢, =0,40 and ¥;;, =2,90 m/s with an adjustable
distribution along the axes of the mass of removable
ballast included in it, corresponding to the optimal value
of the specific adapter parameter at m;m =58,0 kg/kW
for single wheels e;nd my,., =62,4 kg/l(W for
dual wheels with mg, =(0,075-0,080)m,,,, and
providing K, =0,852-1,00.

3. Considering the development trends and limited
speed intervals of operating technologies for soil
cultivation, the basic configuration of wheeled 4kéb
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tractors should be based on the specific gravity
My, =62—63 kg/kW on dual wheels, including
removable ballast of m;, =5,0-5,5 kg/kW with
adjustable distribution along the axes and the use of
Viin £2,0—2,2 m/s with attachments for an HAWI
based on my g, =0,107—-0,110m,

yaH2 *
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JOMOJIHUTENBHO
Bknag astopoB. H./. CenueaHoB, A.B. KysHeuos,
H.B. Ky3bMMH — nouck nybnvKauwin no Teme CTaTby,

HammcaHwe Tekcta pykonwcy; Bl Lpam, 10.0. Kansep —
pefaKTVpOBaHMe TEKCTa PYKOMWCK, co3fdaHue M3obparke-
Hvit; H. CenmBaHOB — 3KCMepTHaA OLIEHKa, YTBEPHOEHNE
dvHanbHoOM Bepcuu. ABTOpbI MOATBEPHKOAIOT COOTBETCTBUE
CBOEr0 aBTOPCTBA MeMAyHapoaHbIM Kputepuam [CMJE
(Bce aBTOpblI BHEC/IM CYLLECTBEHHbIA BKMad B pa3paboTky
KOHLienLUmw, NpoBedeHr e UCCNeaoBaHUA U NOAr0TOBKY CTa-
TbU, NPOYAM 1 0A0BPUIN GMHANBHYIO BEpCUIo Neped ny6/u-
Kauuen).

KoH$nmnKT nHTepecoB. ABTOpLI AEKTApUPYIOT OTCYTCTBME
ABHbIX 1 NMOTEHLMANbHBIX KOH(IIMKTOB MHTEPECOB, CBA3aHHBIX
C NybAMKaLMEN HacTOALLIEN CTATbM.

WUcTouHuKk ¢duHaHcupoBaHua. VccnemosaHve BbINOA-
HeHbl Npu duHaHcoBo noaaepke KIAY «KpacHoApcKumii
KpaeBon GOHA MOALAEPHKKM Hay4YHOM N HayYHO-TEXHUYECKOW
AEeATeNbHOCTU» B X0[€ BLIMOSHEHWA MPOeKTa «Pa3paboTka
PEKOMEHZALUMN M0 YCTOMYMBOMY PasBUTUIO TEXHWUYECKOW
OCHALLEHHOCTV PacTeHMeBOACTBA B CENbCKOM X03ANCTBE
KpacHoApcKoro Kpaay.
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