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ELABORATION OF IMPROVED
HYDROPONIC INSTALLATIONS

Hydroponics is a perspective direction of development of
modern agriculture that provides perennial growing of main
species of vegetables and greenery on small areas and with
minimal expenses of water and fertilizers. This technology allows
to get large enough harvests of fresh vegetables in big cities
including office and living premises.

Last time entrepreneurs and inventors pay a lot of
attention for elaboration of more effective methods of
hydroponics and equipment for their realization in direction of
decrease of using areas, economy of water, nutrients and
increase of air supply and plants capacity.

There are several known methods of hydroponics: static
solution culture, continuous-flow solution culture (NFT), deep
water culture, passive sub-irrigation, flood and drain sub-
irrigation, run-to-waste system, top-fed deep water culture, rotary
system, aeroponics, fogponics. Commercial and industrial use
got the first three from above mentioned methods. Herewith the
method of static solution culture does not provide of necessary
saturation of plant’s roots with air. Under realization of the
method of continuous-flow solution culture are possible little
buffering against interruptions in the flow (power outages), water
logging in some channels, besides there are limitations for
maximal length of channels (12 — 15 m). The method of deep
water culture in industrial scales is used mainly for growing of
lettuce. The other mentioned methods are not enough effective
from point of view of commercial utilization.

The improved hydroponic installations, presented in the
article, were elaborated with consideration of such demands:
versatility of use (a possibility of growing of various species of
plants); harmonies optimal provision of crops with water,
nutrients, light and air; maximal use of premise’s space; a
possibility of re-space during of the growth period, increase of
area for each plant and support of its stalk and sprouts. Also, the
formulas for definition of main parameters of the elaborated
installations are presented in the article.

Keywords: hydroponics, industrial installation, versatility,
optimal provision, efficient use of area.

Analysis of last researches. There are

researches and practical experiments in sphere of
hydroponics relate to 17" century but its more
intensive use and improvement began after 1850.
Industrial introduction of given technology on
commercial base was realized in 21th century [1 — 6].
For wider and more effective using of hydroponics
there is need to decrease the dimensions of
installations for its realization, expenses of water and
nutrients, to provide quite intensive feeding of air,
versatility of installations for growing of different
species of plants.
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several main methods of hydroponic technology:
static solution culture, continuous-flow solution
culture (NFT), deep water culture, passive sub-
irrigation, flood and drain sub-irrigation, run-to-waste
system, top-fed deep water culture, rotary system,
aeroponics, fogponics [7 — 15].

The method of static solution culture (fig. 1) is
simplest in realization: plants grow in solution of
water and nutrients that can be gently aerated or
unaerated at all and it is changed with some
periodicity. Optimal level of solution is supported with
help of sensors. The method is universal enough, but
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its shortcomings are: not effective use of areas of a
premise, water and nutrients, labour-intensiveness of
replanting during of the growth period, insufficient
supply of plant’s roots with oxygen.

Fig. 1 A variant of the static solution
culture system

The method of continuous-flow solution
culture (nutrient film technique - NFT) is most
widespread [16, 17] since it is relatively simple,
versatile and economically effective in realization (fig.
2). Thanks to constant circulation of water in NFT-
installation it is more saturated with oxygen, than
under using of the previous method, but such
enrichment is less efficient than under impact of a
compressor. This method also demands of large
areas for the installation, significant expenses of time
for replanting. There is possible little buffering against
interruptions in the flow (power outages), water
logging in some channels. Besides, under use of the
NFT-technology there are limitations for maximal
length of channels of the installations (12 — 15 m).

Fig. 2 A scheme of realization of the
nutrient film technique (NFT)

The next hydroponic method of deep water
culture is also quite widespread (fig. 3) [14], but
mainly for growing of lettuce because of absence of
possibility of supporting for high stalks of the plants.
Under realization of the method a compressor
provides effective saturation of water and nutrients
with air. This promotes to accelerated growth of
plants. There are improved conditions for replanting,
harvest and bedding of new portion of plants (these
stages can be realized uninterruptedly). The main
drawbacks of the method: insufficient versatility and
inefficient use of area of premises where it is
realized.
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Fig. 3 An example of the deep water
culture in lettuce production

The method top-fed deep water culture has
approximately the same advantages and
shortcomings as the previous method, but top-fed
DW(C-technology is more complex and expensive in
realization.

The method of passive sub-irrigation [12, 13]
does not provide of intensive enough saturation of
water and therefore it is used for growing of small
parties of plants.

The method of flood and drain sub-irrigation
(fig. 4, a) [18] and the method of run-to-waste system
(fig. 4, b) [19] demand for accomplishment of a more
complex equipment and do not provide of significant
advantages in comparison with DWC-technology.
Because of that the methods got mainly
experimental using. For this moment there are
absent the schemes of big industrial installation for
realization of these methods.

" FLOOD & DRAIN "
SYSTEM
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inlet / drain
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Fig. 4 Schemes of a flood and drain
sub-irrigation (a) and a run-to-waste system (b)
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The method of a rotary system (fig. 5) [15]
is used at experimental level mainly for
demonstration of effect of dynamical impacts at
plant's growth (periodical decrease of gravitation,
increase of intensity of illumination and feeding of
water and nutrients). In spite of receipt of positive
results of such impacts, the method, from our point
of view, has small prospects for mass industrial
introduction because of complex and expensive
construction of the installations.

5 The scheme of

Fig.
hydroponic system

a rotary

The methods of aeroponics (fig. 6) [7, 8, 9]
and fogponics [10, 11] are most efficient from point
of view of rational using of water and saturation of
it with oxygen, but their application demands of
using of ultrasonic electromagnetic vibro-exciters
in construction of installations. That makes these
installations quite expensive and limits their

industrial using.
spray jet
-~ ‘

Fig. 6 The scheme of an aeroponic
technique
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Aim of researches. The aim of the
research is elaboration of demands for high-
efficient industrial hydroponic installations, working
out of schemes of improved installations and
formulas for definition of their main working
parameters.
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Main results of researches. With
examination of experience of creation and
operation of hydroponic installations of different
types and also of results of analysis of their
advantages and drawbacks there were formulated
the demands for improved industrial hydroponic
installations:

- maximal use of area of a premise for
growing of plants;

- versatility for growing of different species
of plants;

intensive saturation of water for
sprinkling and rootage of plants with oxygen;

- efficient use of water and nutrients,
sufficient provision of plants with light;
possibility of quick and convenient
replanting, harvest and bedding of plants;
possibility of support of stalks and
sprouts of plants;

- simplicity, manufacturability and reliability
of design of the installation, possibility of its wide
industrial introduction;
simplicity of maintenance of
installation, low operational expenses;

- stable automatic support of main working
parameters of the installation.

With consideration of these demands was
elaborated the scheme of the improved industrial
hydroponic installation, presented at the fig. 7.

Roots 8 of plants 7 are situated in baskets
6 made from metallic net and filled with mineral
nutrient solution (see also the element | at fig. 7).
The baskets have cylindrical form and clamps. By
the clamps the baskets are freely installed on the
planks 9. The planks 9 can move in slot 5 of the
drum 36. Also, the baskets 6 can move along of
the planks 9 and there is possible to change this
way the number of the baskets inside of the drum
and distances between the nearest baskets,
depending from sizes of the crops in different
periods of their growth. For increase of rigidity of
the drum to its upper edge are fastened the rods
24, which also connect the drum with the shaft 19.
In lower part of the drum 36 are fastened the
metallic nets 33, 37. At lower surface of the net 37
are installed the ventilators 10 and the lamps 34.
The ventilators 10 provide intensive feeding of air
to roots of the plants. There are also the lamps 35
at the ceiling. After increase of the distances
between the nearest baskets empty spaces can be
filed with nutrient, that is put at the net 33. The
shaft 19 is installed in the thrust bearings 20,
which are fastened at the celling and at the floor of
the premise. There are several drums 36 at the
shaft 19, depending from height of the plants and
necessary conditions for care about them (see
lower). The pump 13, that is drove from the
electric engine 14 through the coupling 41

the
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Fig. 7 The scheme of the improved industrial hydroponic installation
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provides feeding of water with additions of
nutrients from the tank 32. This mixture is enriched
with oxygen that feeds the compressor 12 with
drive from the electric engine 11 through the
coupling 42. Enriched mixture goes over the
hydraulic lines 4, 2 and through the flexible hoses
3 is fed to the plants 7. The hydraulic lines 4, 2 are
adjusted inside of the tube 1 and the bar 39. As we
can see at the cross-section A — A, the mixture
from the tank 32 is fed simultaneously to four
drums (36, 31, 30, 26) of the same level through
the bars 28, 29, 38, 39. The hoses 3 can bend in
correspondence with form and sizes of crops. For
feeding of nutrient mixture to all plants of certain
level the shaft 19 with drums 36 are brought into
rotation from the electric engine 15, through the
coupling 40, worm-and-wheel gear-box 17 and
gears 16, 18. Control over periodical rotation of the
shaft 19 and feeding of mixture from the tank 32
provides an automated system with help of
sensors. Care for the plants of high levels
(planting, change of location of baskets in course
of plant’s growing, harvest) is provided with help of
turning shelfs 27 with steps 22, installed at the
pole 21. There is anticipated that operating
personal will rase by steps at the shelfs and laying
at them will fulfil necessary care operations. At that
each turning shelf of some level intended for care
about plants of four drums (23, 25, 26, 36).

Necessary capacity of the electric engine
14 of the installation can be determined by the
formula [20]

N,, = P 1)
MToTe1m1

where Q, — feeding of the pump 13;

pp — pressure in the force hydraulic line of
the pump 13;

Np, Ne1, Nm1 — efficiency of the pump 13,
the electric engine 14 and the coupling 41 [20].

Qp can calculate with consideration of
necessary maximal daily discharge qp, [m3] of
enriched mixture for one plant, maximal amount
Npa Of plants inside of one drum 36 and amount ngq
of the drums at the shaft 19 by the formula, [m3/ s]

3 4-13-9,n,4Ny _ dpNpa Ny

= . 2
P 24.60-60 16615 @

Pressure pp, can be found with
consideration of losses of pressure for hydraulic
friction by length in the hydraulic lines 4, 2 and in
the hoses 3 and also losses in local resistances
(turnings of hydraulic lines, passing of branches,
exits from hydraulic lines in atmosphere). At that
we are using the formula

70

ma mexHorsoecisix
2021

Vi

I Vo
__+[2'gt +gb(nd _1)]pm.0 7+

=1
pp tpm.o dt 2

ly

Vo Vo
+4-Ng Ay P o d—7+4' Nyls + 65 (0 = 1ons N
b

2

Vv
+4: NyNhSePrmo 7m+ Pmod- Hi =

v
d

<
o[5S

+4-NgNy Ay P

[ |
th_t+[2'§t +§b(nd _1)]+4'nd/1bd_b+
t

b

<
oS

|
+4-n, [é't +§b(nh _1)]+4'ndnh/1h d_h+
h

®)

+4-ngNig. +9-H;

<
awl'\’

where A;, Ap, An — coefficients of hydraulic
friction in hydraulic lines 4, 2 and in the hose 3
[21]; pmo — density of using in the installation
nutrient mixture with consideration of content in it
of dissolved air; I, lp, In — lengths of the hydraulic
lines 4, 2 and the hose 3; d;, dv, dn — diameters of
the hydraulic lines 4, 2 and the hose 3; vim — middle
speed of flowing of nutrient mixture in the hydraulic
system of the installation; ¢, ¢», ¢e — coefficients of
local hydraulic resistance at the turn of a hydraulic
line, at the passing of a branch and at the exit from
a hose in atmosphere; Hi — general maximal height
of raise of nutrient mixture to the upper hydraulic
line 2.

Necessary capacity of electric engine 11
of the installation can be determined by the
formula

_ QP

N (4)

77c 77e277m2

el

where Q. — feeding of the compressor 12;
pc — pressure in the force pump line of the
compressor 12; ne, Ne2, Nm2 — efficiency of the
compressor 12, the electric engine 11 and the
coupling 42.

Q¢ can calculate with consideration of
maximal necessary content k, of air in enriched
mixture:

Q. =k.Q,- (5)

Pressure pp can be found by the formula
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Fig. 8 The scheme of the improved industrial hydroponic installation

growing. Chains movement provide the chain-wheels  gear 29, 22. Vertical distance between the nearest
23, 27, which are installed with help of the brackets cowlings depends from dimensions of the crops,
24, 28 at the floor and the ceiling of the premise. The  from demands of their growing and can be changed
chain-wheel 23 is drove from the electric engine 16 by rearrangement of the bars 31. The pump 33, that
through the coupling 17 and the worm-and-worm is drove from the electric engine 15 through the
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coupling 21 provides feeding of water with additions
of nutrients from the tank 19. This mixture is enriched
with oxygen that feeds the compressor 34 with a
drive from the electric engine 18 through the coupling
20. With aim of increase of efficiency of the hydraulic
system of the installation enriched mixture is fed from
the tank 19 over the hydraulic line 4 into the
collecting tank 38. After filing of the tank 38 the
pump 33 is turned off. The sprinkling of plants 7 is
realized from the tank 38 by command of an
automated control system (it is not presented on the
figure) through the tap 37 with electromagnetic
control, the hydraulic lines 30, 2 and the nozzles 35.
The hydraulic lines 4, 30, 2 are adjusted inside of the
tubes 1, 36. As we can see at the cross-section A —
A, the mixture from the tank 38 is fed simultaneously
to the cowlings that fastened at two different parallel
chains. So, depending from dimensions of the
premise, for its most efficient using, we can place
there a necessary number of the sections of the
installation (corresponding to the length of the
premise), with chains of optimal length
(corresponding to the height of the premise) and with
cowlings length that corresponds to the width of the
premise. Regime of the cowlings movement and
feeding of nutrient mixture is adjusted depending
from specie of growing plants and controlled with
help of sensors and an automated control system.

This scheme also corresponds to above
formulated demands and in comparison with the
previous scheme (see fig. 7) in case of its realization
and using there will be provided more convenient
care for the plants in the cowlings (planting, change
of location of baskets in course of plant's growing,
harvest).

Necessary capacity of the electric engine 15
of the installation can be determined by the formula
(1), where Q, — feeding of the pump 33; pp, —
pressure in a force hydraulic line of the pump 33; np,
ne1, Nm — efficiency of pump 33, electric engine 15
and coupling 21.

Qp can calculate with consideration of
maximal daily discharge qp, [m3] of enriched mixture
for one plant, maximal amount of

Pc =Py + Pmo9 - HC, (6)

npc

where po — pressure at the surface of the
mixture in the tank 32; Hc — depth of feeding of air in
the tank 32.
Necessary capacity of the electric engine 15
of the installation can be determined by the formula
Nel = Msa)sne377m377r770.t77b1 (7)
where Ms — moment of resistance at the

shaft 19; w, — angular velocity of rotation of the shaft
19; nes, Nm3, Nr, Noxs Nb — €fficiency of electric engine
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15, coupling 40, reducer 17, open gears 16, 18 and
thrust bearings 20.
Moment Ms can calculate as

®)

where Js — moment of inertia of the shaft 19
and connected with it elements:

2
Myly
2

S'S

2

- myr?

+Ny

©)

where ms, mg — masses of the shaft 19 and
the drum 36 with all connected elements (see fig. 7).

The scheme of one more improved
industrial hydroponic installation, presented at the fig.
8. Roots 6 of plants 7 are situated in baskets 6, that
filled with nutrient (see also element | at the fig. 8).
Clamps of the baskets 6 rest upon planks 9. The
planks 9 can move in slots 5 of rectangular cowlings
12. Also, the baskets 6 can move along of planks 9
and there is possible this way to change the number
of the baskets inside of cowlings and distances
between the nearest baskets, depending from the
sizes of crops in different periods of their growth. In
the lower part of the cowlings 12 are fastened
metallic nets 11, 13. At lower surface of the net 11
are installed the ventilators 10 and the lamps 14. The
ventilators 10 provide intensive feeding of air to roots
of plants. There are also the lamps 32 at the ceiling.
After increase of distances between the nearest
baskets empty spaces can be filled with nutrient, that
is put at the net 13. The cowlings are suspended with
help of the metallic ropes 25 at the bars 31, that
connected with the chains 26 (see also cross-section
A-A and element Il at the fig. 8). The chains 26
provide constant or periodic movement of the
cowlings 12 with the plants for their more active
interaction with air and intensification of

plants inside of one cowling 12 and amount
nc of the cowlings at the chain 26 by the formula, [m3
/9]

_13-q,n,.n, e PP

= . 10
R 24-60-60 66462 (

)

The pressure p, can be found with help of
the formula

2

Vv
(gt +ge) m.u?m-'_pm.og 'Hi + Pom> (11)

VZ

— _t_m_|_
Po = 4Pmo a2

where A — coefficient of hydraulic friction in

the hydraulic line 4 [21]; | — length of the hydraulic

line 4; di — diameter of the hydraulic line 4; vm —
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middle speed of flowing of nutrient mixture in the
hydraulic system of the installation; ¢, ¢
coefficients of local hydraulic resistance at the turn of
the hydraulic line 4 and at the exit from the hydraulic
line 4; H; — general maximal height of raise of nutrient
mixture to the upper cross-section of the hydraulic
line 2; pom — overpressure in the middle of nutrient
mixture at the exit from the hydraulic line 4.

Necessary capacity of electric engine 18 of
the installation can be determined by the formulas (4
- 6), where Q¢ — feeding of the compressor 34; p; —
pressure in a force pump line of the compressor 34;
Ne, Ne2, Nmz2 — efficiency of compressor 34, electric
engine 18 and coupling 20; po — pressure at the
surface of the mixture in the tank 19; Hc — depth of
feeding of air in the tank 19.

Active moment, which created by gravity of
the cowlings 12 and connected with them elements
from one side of the chain-wheels 23, 27 is balanced
by reactive moment created by gravity of the
cowlings from other side of the chain-wheels.
Therefore in calculation of necessary capacity of the
electric engine 16 of the installation we are
considering only moment M of friction forces in
bearings of the brackets 24, 28

Ne1 = My @y 1e3msua o » (12)
where wew — angular velocity of the chain-
wheels 23, 27; nes, Nms, Nwt, No — €efficiency of electric
engine 16, coupling 17, reducer 17, worm-and-worm
gear 29, 22 and bearings of the brackets 24, 28.
The moment M; can determine as [23]

d
M, =FRf, ?S, (13)

where F — loading from gravity of the
cowlings 12 and connected with them elements,
which creates moment My, fi— coefficient of friction in
the bearings [23]; ds — diameter of a shaft of the
chain-wheels 23, 27.

The loading F can be found with help of the
formula

I:I :(mct +mcnc)g' (14)
where mg — mass of chain transmission,
including masses of shafts, chain-wheels, chain,
worm wheel 22; m. — mass of the cowling with all
connected elements (see fig. 8).

Conclusions. 1. Hydroponics is a
perspective and effective enough direction of the
modern agriculture which is intensively developed
and improved for decrease of necessary areas,
expenses of energy, water, nutrients, increase of
specified productivity at the expense of more
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intensive supplying of plants with air and light,
increase of versatility, reliability, extent of automation
and convenience in operation of equipment for
realization of the technology.

2. There are several known methods of
hydroponics for the moment, but for commercial and
industrial use are perspective the methods of static
solution culture, continuous-flow solution culture
(NFT) and deep water culture. All these methods
demand of improvement.

3. Authors of the article formulated the
demands to the improved hydroponic equipment and
on the base of them elaborated the schemes of
perspective industrial hydroponic installations.

4. The formulas for definition of main
parameters of elaborated installations (power of the
driving electric engines, feeding of nutrient mixture,
pressure in hydraulic system of the installations) are
also presented in the article. On basis of these
formulas there can be developed methods of design
calculation of the proposed hydroponic equipment.
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PO3POBKA BOOCKOHAJIEHUX NAPOMOHHUX
YCTAHOBOK

lgpornoHika - nNepcnekTMBHUIA  HanpsIMOK
PO3BUTKY CY4aCHOrO CiNMbCbKOro rocnofapcTaa, Lo
3abesneyye UINOpiYHE BMPOLLYBAHHS OCHOBHMX
KyNbTyp OBOYIB Ta 3efieHi Ha HEBENNKMX NoLlax i 3
MiHiManbHUMKM BUTpaTamMM BoaM Ta gOob6puB. Ls
TEXHOSOrA [03BONSE OTPMMYyBaTU uYmmani Bpoxal
CBKMX OBOYIB Y BENUKUX MICTaX, BKIHOYAOYN OCICHI
Ta XXUTMOBI MPUMILLEHHS.

OcTtaHHiM Yacom Benuka yBara nignpuemuis

Ta BWHaXigHWKIB MPUAINAETLCA PO3pOOLi  HOBUX
Oinbll  e(PeKTUBHMX  MeTodiB  TMigPOMOHIKK i
obnagHaHHa gna X peanisauii B HanpsMKy

3MEHLLUEHHSA BMKOPUCTaHUX MOLLY, €KOHOMIii Boaw,
NOXMBHUX PEYOBMH Ta 306iNbLUEHHS noaadi NoBiTps i
BPOXaNHOCTI.

ICHye Kinbka BigOMMX METOAIB FigpPOMOHIKM:
KynbTUBYBaHHSA B CcTaTU4HOMY PO34MHi,
KynbTuByBaHHA B 6GesnepepsHomy noToui (NFT),
rMMOOKOBOAHE KyrbTUBYBAHHS, NMacvMBHE 4OOATKOBE
3pOLLUEHHSA MONiB, METOL 3aTOMNSIEHHA Ta OpeHaxy,
cuctema ©0e3MOBOPOTHUX  CTOKIB, MuBOKOBOAHE
KyNbTUBYBaHHS 3  MiDKMBMEHHAM, MOBOPOTHA
cuUcTema, aeporoHika, TymaHoroHika. KomepuiiHe Ta
NMPOMMCIIOBE BMKOPUCTaHHSA OTpYManu nepLli Tpu 3
nepepaxoBaHux BuLLe MeToAiB. [pu UbOMy mMeTon

KyNMbTUBYBAHHA B  CTATU4HOMY  PO34YMHI  He
3abe3neyye  HeoOXiOQHOMO  HACWYEHHS  KOPEHIB
pocnvH  nosiTpaM. [lpu  peaniszauii  meTtoay
MPOTOYHOTO  KyNMbTUBYBaAHHA  PO3YMHY  MOXIUBI

HeBenuka 6ydepur3sauia BHacnigok nepeboiB NOTOKy
(Npn  BIOKMIOYEHHI enekTpoeHeprii), 3amMyntoBaHHS
OesikuX KaHanis, KpiM TOro, iCHylOTb OBMEXeHHs Ha
MakcumanbHy JOBXWHY kaHaniB (12 — 15 m). MeTtog
rMMOOKOBOAHOIO KyNbTUBYBaHHA B MPOMUCIIOBUX
mMacluTabax BMKOPUCTOBYETLCS B OCHOBHOMY [Afis
BMPOLLYBaHHs canaty. PelwTa 3ragaHux MeToais
HeoCTaTHbO eEKTUBHI 3 TOUKMN 30pY KOMEPLINHOIo
BMKOPUCTaHHS.

MpeactaBneHi B cTaTTi  BAOCKOHAmNEHi
riJpOMOHHI YCTaHOBKM pO3pobneHi 3 ypaxyBaHHAM
TakMX BUMOI:  YHiBepCarnbHiCTb  BUKOPUCTAHHS
(MOXMMBICTb BUPOLLYBAHHS Pi3HUX KyNbTYp POCIVH),
rapMoHinHe onTumarbHe 3abe3neyeHHst
CiNbCbKOrocnoAapChbkmx KynbTyp BOOOH, NOXMBHUMM
peyoBMHaMK, CBITIIOM Ta MOBITPSIM, MakCUMaribHe
BMKOPUCT@HHA MMOWi MPUMILLIEHHS,, MOXITUBOCTI
nepecagkn B nepiog 3pOCTaHHs, 30inblLUEeHHsT NIIOLL
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nig KOXHY POCMMHY Ta CTBOPEHHS onopu Ang i NPOMBbILNIEHHOE MCNOMb30BaHUE MOMyYMnu nepsble
ctebna Ta nobGiri. Takox B CTaTTi HaBedeHi  TpU U3 BblEnepedncrneHHbIX MeToaoB. [pu atom
dopMynM Ans BM3HAYEHHS OCHOBHMX MapameTpiB  MeToA KyNbTUBUPOBAHMS B CTaTUYHOM pacTBOpE He

pO3p0oGEHNX YCTAHOBOK. obecneurBaeT HeobXxOoAMMOro HacbILLEHUsI KOpHEW

Knroyoei cnioga: 2idporioHika, npomMucriosa  pacTeHuin Bosgyxom. [lpu peanmsaumm MeToga
ycmaHoeKa, yHigepcarbHicmb, onmumaribHe  NPOTOYHOIO KyrbTUBMPOBAHUSI pacTBOpa BO3MOXHbI
3abesrneyeHHs, egpekmueHe suKopucmaHHsi  Hebonblias 6ydepusaums BcneacTene nepeboes
rpocmopy. notoka  (MpVM  OTKMIOYEHUWM  SMEKTPOSHEPrM),

3abonayvBaHNe HEKOTOPbIX KaHaroB, KPOME TOro,
PA3PABOTKA YCOBEPLUEHCTBOBAHHbIX CYLLECTBYIOT OFPaHUYEHUst Ha MaKCUMarbHy0 ANUHY

rMMOPONOHHBLIX YCTAHOBOK kaHanoB (12-15 wm). MeTtog rnyb6okoBOOHOrO

KyNbTUBMPOBaHUS B MPOMBILLIIEHHBIX MacluTabax

'MoponoHuka - NepcrnekTVBHOE  MCMONb3yeTCsi B OCHOBHOM Afsl  BblpallyBaHus

HanpaBneHUe pasBUTUSI COBPEMEHHOrO cenbckoro  canata.  OcTanbHble  YNOMsiHYTble  MeToabl

XO3AWCTBA, obecneunBaroLlee KPYrMOAUYHOE  HEOOCTaTOYHO 3GEKTUBHBI C  TOYKM  3pEHUS
BblpaLLMBaHNE OCHOBHbIX KyNbTYp OBOLLEN U 3€IEHN  KOMMEPYECKOIO UCTONb30BaHMS.

Ha HebonblWMX NAoWagsXx M C MWUHUMAmbHLIMM MpencraeneHHble B cTaTbe

3aTpatamMmu BoAbl M yoobpeHui. OTa TEeXHOMOrMs  YCOBEPLUEHCTBOBaHHblE IMAPOMOHHbIE YCTaHOBKM
Mo3BONsieT Monyvatb AOCTAaTOMHO Gonbluve ypoxan  paspaboTaHbl € yd4eToM Takux TpeboBaHun:
CBEXWUX OBOLLEN B KPYMHbIX ropodax, BKMHYas  YHMBEPCANbHOCTb MCMONb30BaHWUSA  (BO3MOXHOCTb
opucHble ¥ xunble nomeweHns. B nocnegHee  BblpalimBaHMS  pasnUYHbLIX  BUOOB  pacTeHun),

BpemMs 6GomMblUOe BHWMaHWE MpeanpuHMMaTenM U rapMOHWYHOE onTumarneHoe obecneyeHve
n3obpetatenu yoensaoT paspaboTke HOBbIX 6omee  CenbCKOXO3ANCTBEHHbIX KynbTyp BOOOWN,
3P PEKTUNBHBIX MEeToL0B MMAOPOMOHUKU W nuTaTenbHbIMW BELLUEeCTBaMKu, CBETOM U BO3OYXOM,
obopynoBaHus ons Ux peanusauum B HampaefeHUn  MakCUMarbHoe MCMOnb30BaHne nnowaan
YMEHbLLIEHNSA NCMOSb30BaHHbIX nrnowiagern, MoMeLLeHns, BO3MOXHOCTb MNepecagkn B Mepuosg
9KOHOMMW  BOAbl, NUTATENbHbIX  BEWeCTB W PpOCTa, YBENMYEHWS MIowaamn nog Kaxaoe pacteHve
YBENUYEHUS MPUTOKA BO3AyXa N YPOXKANHOCTW. N co3daHus onopbl Ans ero crebns u noberos.
CywectByeT HECKOIbKO M3BECTHbIX Takke B cTaTbe MpPeAcTaBneHbl opMynbl  Ans
METOAOB  FMOPOMOHMKW:  KyNbTUBMpPOBaHWE B OnpegeneHus OCHOBHBbIX napameTpoB
CTaTU4HOM  pacTBOpPE,  KynMbTUBUPOBaHWE B  pa3paboTaHHbIX YCTAHOBOK.
HenpepbiBHOM notoke  (NFT), rny6okoBogHoe Knroyeenie crnosa: 2UOPOIIoHUKa,

KyNbTUBMPOBaHWE, MACCUMBHOE [OOMOMHWUTENbHOE  MPOMBILUNIEHHAs ycmaHoekKa, —yHUeepcarbHOCMb,
OpOLLEHME, MOMMB C 3aTOMMEHUeM U ApeHaxeM, ormumarnibHoe  obecriedeHue,  3ghchekmusHoe
cuctema 06e3BO3BpaTHbLIX CTOKOB, NybokoBoaHas
KynbTypa C MOOMWUTKOW, MOBOPOTHAas CUCTEMA,
a’poroHuKa, TyMaHomnoHuka. Kommepyeckoe U

Ucriosib3oeaHue rpocmpaHcmesa.
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