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Introduction
In conditions of acute water shortage (characteristic mainly of 

the mountainous and foothill zone of the republic) consumed for 
irrigation and cultivation of crops, the application of low-intensive 
environmentally friendly technologies and technical irrigation 
equipment, as applied to various soil and climatic conditions, becomes 
very important national economic importance.

The advantage of low-intensity irrigation technology is that 
with a minimum amount of moisture, a microclimate is formed 
throughout the irrigated area for more intensive plant development, 
and consequently, the yield of various types of crops is significantly 
increased. In addition, it does not require strict planning of the irrigated 
area (fields), allows to dose the irrigation norm, namely, at the request 
of crops grown in these fields, to mechanize and fully automate the 
process of water distribution, ensure its uniform distribution according 
to the concentration scheme, etc.

Low-intensity irrigation is divided into the following types of 
irrigation:

1. Pulse sprinkling

2. Fine (aerosol) sprinkling

3. Pulse-drop irrigation

4. Drip irrigation

5. Injection irrigation

6. Subsoil irrigation

7. Micro-irrigation (supra-crown, supra-crown and sub-root,
combined, etc.)

Methodology
 The technology of irrigation of fine-dispersed and micro-irrigation 

will be defined as impulse irrigation, and injection subsoil irrigation, 
as a drip irrigation. Therefore, here we are mainly concerned with the 
technology of pulsed as usual, and the pulse self-oscillating action, and 
drip irrigation. The irrigation process is characterized by the duration 
and intensity of the impact on distance and environment during the 
growing season of plant development and the daily cycle. By the degree 

of approximation of the intensity of water supply to the intensity 
of water consumption, the following types of irrigation should be 
distinguished:

Absolute synchronous: Water supply is carried out in full 
accordance with the changing intensity of water consumption during 
the irrigation period and the daily cycle.

Synchronous: Water supply is carried out monotonously during 
the day in accordance with the daily average intensity of water 
consumption.

Asynchronous: The intensity of water supply is greater than the 
instantaneous and average daily water intensity.

By type of distribution, the following types of irrigation systems are 
distinguished:

- Alternate irrigation by separate irrigation devices or their groups
operating in a single technological cycle.

- Accumulation of water volumes in special reservoirs directly
from irrigation devices or on a water supply network to ensure the 
technological process of irrigation.

- ensuring the continuous operation of all low-flow irrigation
devices of the irrigation system. The goal of low-intensity irrigation is 
the creation of comfortable conditions for plants (using the example 
of pulse, a self-oscillating system of self-oscillating action), as well as 
moisture retention in the soil and partly in the ground layer of air. 
The immediate objects of the irrigation process are soil, plants and the 
ground layer of air.

Regulation of water and associated air, heat, water, and salt 
regime of the soil determines the development of physicochemical 
and biochemical processes occurring in the soil and determining its 
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The influence of the necessary factors on the life of plants and on 
the yield increase can be expressed by the following dependence:

Y = AP [1 - (1 - fi) 2] n   (1)

i = 1

Where, A is the maximum gain (yield) under optimal conditions;

fi- the relative value of the i-th factor of plant life (the ratio of its 
actual value to the optimum);

n is the number of factors influencing the yield.

The effectiveness of reducing the intensity of water supply and 
reducing the duration of inter-irrigation periods can be assessed by 
comparing the yield increments.

After the transformation of expression (1) and certain assumptions, 
it was established that the yield increase from each of the factors under 
periodic irrigation, all other things being equal, is always less than the 
crop increment under continuous irrigation.

( ) ( ) ( )2
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Ei nep t

nep nep
l

= −   (2)

Where, Yi (nep) is the yield increase at the mean value of the i-th 
factor during the irrigation cycle of traditional irrigation;

Yi (nep) - yield increase at a constant value of i-gl. factor in the 
process of continuous irrigation;

Еi - Relative change of the i-th factor over the meteorological 
period;

t is the duration of the meteorological period.

Analysis of the dependence (2), which reflects the quantitative 
assessment from the transition of periodic irrigation to continuous, 
shows that the difference between crop increments increases in 
proportion to the square of the duration of the inter-irrigation period. 
Thus, with the use of low-intensity irrigation technology, crop yields 
should be expected in comparison with traditional irrigation by 
maintaining the soil moisture and surface air layer at comfortable levels 
for plants, which is ensured by using a synchronous-impulse sprinkler 
system.

fertility. The stressful effects of irrigation can lead to the destruction 
of the structure and water resistance of soil aggregates, which reduces 
the fertility of the soil. Individual types of irrigation exert influence not 
only on the soil, but also on the surface air layer, as well as directly 
on the plant (regulate its water regime and photosynthetic processes, 
including through extra-root water supply to the aboveground part of 
the plant). During drip irrigation, water is distributed along the drip 
fields from porous humidifiers or micro-discharges mainly under the 
action of capillary forces. Environmental safety of irrigation for the 
environment should be based primarily on water-saving technologies. 
At the same time, it is necessary to create conditions for reducing the 
loss of water at the discharge and the soil surface, as well as for deep 
filtration in order to make fuller use of natural precipitation.

Improving the technological process of irrigation is one of the most 
important tasks of the scientific and technical progress of irrigated 
agriculture.

In this direction the great works in the republic were conducted 
under the guidance of the scientists G.Mammadov, B.G. Aliyev and 
others, also in the Russian Federation under the leadership of V.F. 
Nosenko, G.V. Voronin, A. Malyshev, M.P, Pisarev and others [1-
5]. The authors believe that for the proper conduct of the irrigation 
technological process, it is necessary to solve a number of complex 
problems that meet the requirements of plants (crops). This is primarily 
the need to establish optimal conditions for the biological development 
of plants. Provision of ecologically permissible levels of soil moisture, 
and surface air layer, as well as aeration of soil to preserve and improve 
its fertility during irrigation against the background of natural little 
expected precipitation. Improved irrigation technology should serve 
to obtain guaranteed crop yields, regardless of weather conditions due 
to management of water and related air, thermal, salt, microbiological 
and nutritional regimes in the soil. The scheme of the effect of irrigation 
on plants and the medium is shown in Figure 1.

It should also be noted that the proper application of irrigation 
technology has a huge impact on crop formation. The yield of plants 
depends on the water factor.

To obtain the maximum yield (Minds) with a specific agrophylon 
and meteorological conditions for plants, comfortable conditions 
should be created (optimal soil moisture and surface air layer).

Figure 1: The scheme of the effect of watering on the plant and the environment.
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Features of irrigation technology with synchronous impulse 
sprinkling consist in the fact that the occurrence of a deficit of soil 
moisture in irrigated areas is compensated for by daily water supply.

The soil moisture reserves of the active layer of moisture exchange 
in the dry period are continuously maintained at the optimum level 
without the cyclicity inherent in traditional irrigation technologies. The 
optimal level of moisture reserves is determined depending on the type 
of soil and the phase of development of agricultural crops. When the 
moisture reserves in the active moisture exchange layer are reduced 
to the optimum level, sprinkling in the pulsed mode is carried out. 
The moisture deficit over the settlement period is calculated from the 
water balance equation-the water consumption of agricultural crops is 
determined from the approved for specific zones. At the same time, 
water consumption of agricultural crops is determined b.

Еv = Еd Кб Км   (3)

Where, Еv - water consumption of agricultural crops for the billing 
period, mm.

Ed - the sum of the average daily air humidity deficits for the billing 
period, Mb.

Кб - biological coefficient, reflecting the features of plant 
development.

Km - microclimatic coefficient, taking into account the change in 
the meteorological regime under the influence of irrigation.

The rate of water supply for the billing period is determined by the 
dependence.

б смД Т К
m мм 



  (4)

Where, DB - the average daily water consumption deficit for the 
billing period, mm / day;

T - Duration of the calculation period, days.

Kcm - coefficient that takes into account the costs of wetting the 
leaf surface of agricultural plants under pulsed sprinkling, is taken to 
be from 1 to 1.25 depending on the culture, development phase and 
the percentage of irrigated area under the crown and plant surface of 
plants;

β is a coefficient that takes into account the loss of water in the zone 
of the rain cloud to evaporation during pulsed sprinkling.

The coefficient is determined by the formula:

100 U
100

β −
=   (5)

Where, U - evaporation of water in a zone of a rain cloud at pulse 
sprinkling, in% from water supply.

 Evaporation of water in a zone of a rain cloud at a pulse sprinkling 
is equal to:

( )U t 1 0.15 0.71 %
100 pVα = + 

 
  (6)

Where, α is the relative humidity of the air at the time of sprinkling, in%;

t is the air temperature at the time of sprinkling, in C0

Vp - design wind speed, reduced to an altitude of 2 meters above 
the surface of the earth, m / s; the value of which can be determined by 
the following formula:

Vp = Vcp * 0.7;   (7)

 Where Vcp is the average wind speed over the calculation period 
measured at the height of the weather vane, m / sec.

 To solve the process of irrigation technology, it is necessary to 
determine the specific flow rate.

 The estimated specific consumption is determined on the basis 
of the compensation condition for the average daily deficit of water 
consumption, the cost of water for microclimate formation and 
demolition beyond the irrigated area by the formula:

a8.64 Kсут
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T K


 

             (8)

Where, q is the specific water flow rate l / s.ga;

m- Waterfall rate for the billing period, mm;

Т - Duration of the calculation period, day;

Ksut-coefficient of time-of-day use with round-the-clock operation 
of the low-intensity irrigation system, 0.95;

Ka is a coefficient that takes into account agrotechnical work that 
determines the periodic shutdown of the system (complex) operation 
depending on specific conditions.

 Daily water supply, taking into account the cost of water for 
creating a microclimate (m gross) and the duration of the operation of 
the pulse irrigation system (T) in a simplified form can be determined 
by the formula:

Mbrutto - (Еисп - Кh) 10;   (9)
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           (10)

Where, Еисп - evaporation from a water surface for the previous 
day, mm;

h - Atmospheric precipitation, mm;

K is the coefficient of precipitation use;

 Мбр - daily water supply, m / ha;

 Tc is the cycle time of the system, s;

 3, 6 - conversion factor;

 n - Number of sprinklers on one hectare, pcs / ha;

 Vв - volume of a splash of a pulse sprinkler, л.

When studying the irrigation watering process, the total water 
consumption of plants should be determined according to the existing 
method, in which the water balance method is used.

 Ev = m + k h + Δ W + z                                                      (11)

 Where, Еv - total consumption of moisture by the root layer, mm;

 m - The received moisture in the computational layer of soil due to 
irrigation during the period under consideration, mm;

 k is the coefficient of precipitation use.

 h - Atmospheric precipitation, mm.

 ΔW = w1 - w2, respectively, the moisture reserve in the soil at the 
beginning and end of the period under consideration, mm.
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 z - Moisture exchange with underlying layers of soil, mm.

 If the groundwater is located at a depth of more than three meters 
does not affect the moisture exchange of the root layer of the soil, then 
the component Z of the formula is not taken into account in subsequent 
calculations, i.e.

 Ev = m + k h + Δ W                (12)

It should be noted that the productively used precipitation for 
water supply is of great practical importance. To date, there is no single 
method for determining the productively used precipitation, which 
is acceptable for practical applications in the technological process of 
irrigation. 

This part of atmospheric precipitation is taken into account in 
the calculation of irrigation norms and is an integral part of it, the 
productively used precipitation is characterized by the coefficient of 
precipitation use, the numerical value of which is determined by the 
formula:

2 1W
K

h
испW E 

               (13)

where, Эисн - evaporation from a water surface for the considered 
period, mm;

 W1 - Moisture reserve in the soil before precipitation, mm;

 W2- Moisture reserve in the soil after precipitation, mm;

 h - Atmospheric precipitation, mm;

 K is the coefficient of precipitation use.

 The moisture reserve W, before the rain, is known, determined 
with the previously measured soil moisture β, and the W2 moisture 
reserve is determined after the precipitation of soil moisture β 
measured after 1-3 days after the rain. For the convenience of 
calculating the parameters of the technological process of crops 
in synchronous-pulsed and pulsed mode with a self-oscillating 
sprinkler, we have developed nomograms for determining the daily 
rate of water supply (Figure 2).

 h - Atmospheric precipitation, mm.

 E - Evaporation from the water surface, mm.

 K is the coefficient of precipitation use.

Conclusion

The technological process of determining the norms and timing of 
irrigation based on the measurement of soil moisture after the rain is 
a laborious process and such a possibility can have a limited number 
of farms.

Figure 2: Nomogram for determining the irrigation norm.
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