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PREDICTION OF IMPROVED WATER PRODUCTIVITY ON-FARM
LEVEL IN THE SELECTED COTTON FARMS OF FERGANA AND

ANDIJAN PROVINCES OF UZBEKISTAN
K. Jumaboev, D. Eshmuratov, J. Mohan Reddy, O. Anarbekov, J. Kazbekov

International Water Management Institute (IWMI), Tashkent, Uzbekistan

Irrigated agriculture in Central Asia can only be developed through increase of crop
yields and reduction of water volumes applied per unit of agricultural production. Thus to
improve agricultural production, proper agronomic measures and irrigation schedules have to be
developed considering local conditions. To assess existing water productivity, 9 farms have been
selected along South Fergana Canal. A Soil-Water-Air-Plant (SWAP) model has been applied
for the same fields to predict potential water productivity.

Introduction and study area
The Fergana Valley is located in the Southeast of the Central Asian region and the

Eastern part of the Aral Sea Basin. It is almost entirely surrounded by mountains (the Ala-Tau
Range in the North, the Tian Shan Mountains in the East and the Alai Mountains in the South),
with the exception of the narrow Western opening through which the Syr Darya River drains into
the lower basin of the Aral Sea. The larger central part of the valley falls within the Republic of
Uzbekistan, while the northern and eastern fringes are located in the Kyrgyz Republic and a
small area in the valley’s West and Southwest belongs to the Republic of Tajikistan.

Nine indicative farms were selected along South Fergana Canal in order to collect
existing cotton crop water productivity in Figure 1. In addition, the SWAP model was applied to
see the effect of groundwater contribution to crop yields and consequently to crop yields. In
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order to collect data from farmers fields, simple user-friendly form- which describes location of
farm, area covered with major crop, type and kilogram of seed farmer applied for per ha, use of
fertilizer and pesticides per ha, use of mechanisms for tillage and cultivation, use of labor,
irrigation water supply and measurement of discharge with water flow meters, use of transport,
fixed costs for agricultural production and finally yield of major crops- was developed and used.
In addition, watertable elevation was also monitored, along with climatic data for calculating
evapotranspiration and actual crop water requirements.

Figure 1 - Location of the study area in Uzbekistan

Three indicative farms from Hujaobkash WUA in Hujaobod district of Andijan, three
indicative farms from Komiljon Umarov WUA in Tashlok district and three indicative farms
from Fayzobod-Shahimardon WUA in Oltiariq district of Fergana Province were selected for
crop water productivity analysis. The details of the indicative farms are given in Table 1.

Table 1 - Detailed characteristics of selected indicative farms

Country Region District WUA Name of Farmer Area (ha)
Sobir Ota 1.7
Dildiyor Turginboy 2.8Tashlok K.Umarov
Pulat Murot 5
Ismoil qosimboy 7
Alakbar Jasur 4

Fergana

Oltiariq Fayzobod
Asilbek Rahimjon 6
Abdurahimov A 11
Kobilov Mangit 5.3

Uzbekistan

Andijan Hujabod Hojaobkash
Umid 97 12

Water productivity analysis
Water productivity analysis combines physical accounting of water with yield or

economic output to assess how much produce (Kgs) was obtained from use of water (Molden et
al.2003). For this analysis, physical water productivity was calculated using where WP = the
productivity of water in kg/m3, O = crop output in kilograms, and Q = volume of water applied
to the crop rootzone from all the sources such as irrigation water, rainfall, and groundwater
contribution in m3. The actual amount of irrigation water applied and the actual amount of
seasonal rainfall received is presented in Table 2.

WP=O/Q

P.Murot     farm
Dildiyor.T  farm
Sobr ota     farm

Alakbar.J
farm Ismoil.N
farm
Asilbek.R

Umid-97         farm
Hujaobot M   farm
Abdurahimov farm
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Information on the actual crop yields was obtained from the farmers, and information on
the amount of rainfall during the crop vegetation period was obtained from the local
meteorological station. Information on the actual amount of irrigation water applied was
obtained from the WUAs. The amount of seasonal irrigation water applied per ha ranged from
1142 m3/ha to 6195 m3/ha, whereas the actual crop yields varied from 2850 kg/ha to 3500 kg/ha.
Information on the elevation of watertable at the selected fields is given Table 2. Using this
information, the actual water productivity was calculated using the actual crop yields and the
amount of irrigation water applied during the season. The water productivity values ranged from
0.47 kg/m3 to 0.77 kg/m3, and are given in Table 2. However, there was one value of water
productivity that was very high, 2.8 kg/m3. A careful look at the data revealed that the elevation
of watertable in this particular case was very high. In fact the watertable depth ground surface
fluctuated between 35 cm and 75 cm during the vegetation period (Figure 2). Therefore, we
wanted to estimate the contribution of groundwater to the crop rootzone. The only way to
estimate this contribution of groundwater to the crop rootzone was using a simulation model.

Table 2. Actual and simulated scenarios for Fergana and Andijan

Area Actual
Ground
water
level

Irrigatio
n
Water
supply

Actual
crop
yield

Actual
water
productivity

Simulate
d bottom
flux

Rainfal
l

Total
Applie
d Water

Simulate
Water
Productiivi

Farmer (ha) (cm) (m3/ha) (kg/ha) Kg/m3) (m3/ha) (m3/ha) (m3/ha) Kg/m3

Abduraxim
ov

9 190 5241 3200 0.61 -1590 543 5784 0.55

Kobilov 4.8 200 4560 3200 0.7 -1480 543 5103 0.63
Umid-97 10 195 4010 3100 0.77 -610 543 4553 0.68
Dildiyor T 2.6 250 6035 2850 0.47 -2370 543 6578 0.43
Pulat Murot 5 60 1142 3200 2.8 1010 543 2695 1.19
Sobr Ota 1.8 >300 6020 2800 0.47 -1340 543 6563 0.43
Alakbar J 4.1 108 4663 3500 0.75 -1320 543 5206 0.67
Asilbek R 5.5 127 6195 3500 0.56 -2230 543 6738 0.52
Ismoil N 5 110 5105 3500 0.69 -1200 543 5648 0.62

SWAP model
This model has the capability to simulate unsaturated flow, solute transport, heat flow and

crop growth in the soil-water-plant-atmospheric conditions at field scale. The model offers a
wide range of possibilities to address practical questions in the field of agriculture, water
management and environmental protection. Previous versions of this model were successfully
applied in many hydrological studies for a variety of climatic and agricultural conditions (Kroes,
et al 1999). Options exist for irrigation scheduling, drainage design, prediction of depth to
watertable, soil salinity and leaching of nitrogen and pesticides. In this report, we used SWAP to
identify potential crop yield under different irrigation water application scenarios considering
watertable depth, soil type and climate data for improving crop water productivity. More details
on the SWAP model and how to use it can be found in the above reference. Climatic data, soil
characteristics, actual decadal watertable elevation, crop characteristics, and irrigation water

Results and conclusions
Data analysis (Table 2) indicated that maximum cotton water productivity of 2.80 kg/m3

was achieved in Pulat Murod farm, where actual water supply was 1142 m3/ha (hydromodule
zone IX, irrigation rate 3500 m3/ha, watertable depth 60 cm) and crop yield was 3200 kg/ha.
Conversely, low cotton water productivity of 0.47 kg/m3 was obtained on Sobir Ota where the
farm water supply was 6020 m3/ha (hydromodule zone III, irrigation rate 6200 m3/ha, water table
lower than 3 m) and crop yield was 2800 kg/ha. In Pulat Murot farm, the watertable was close to
the rooting depth of the crop; therefore, less irrigation water was applied to this field because of
contribution from watertable. The simulated groundwater contributions ranged from
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+1010 m3/ha to -2370 m3/ha. Negative values indicate outflow from the crop rootzone to the
watertable. In other words, the negative values indicate the predicted amount of deep percolation
losses from the crop rootzone. Higher deep percolation losses indicate lower efficiency of the
irrigation application system due to poor layout, operation, and management of the irrigation
system.

Figure 2. GWT at Pulat Murat field supplied to the selected fields was provided as input
to the model. The results of the simulation are presented in Table 2.

Conversely, the positive values of groundwater flux reflect the net amount of
groundwater that has flown into the crop rootzone. Therefore, the actual amount of water applied
to the crop rootzone is the sum of the irrigation water, rainfall amount, and groundwater
contribution. Therefore, the total amount of water supplied to the crop rootzone was 2695 m3/ha,
which is significantly less than the potential crop ET for this region. Obviously, the difference
between the actual ET and the total amount of water supplied to the crop rootzone was derived
from groundwater that is within the crop rootzone.

Figure 3 - Existing cotton crop water productivity in selected fields
The total amount of water supplied to the crop rootzone was calculated by summing the

irrigation water supply, groundwater contribution, and rainfall amount. Groundwater
contribution was only present in Pulat Murot’s field. The water productivity of cotton crop was
calculated using the new values of the total amount of water supplied to each field from all the
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three sources-irrigation, rainfall, and groundwater. The two different values of water
productivity for each field are presented in Figure 3. The water productivity for Pulat Murot’s
field decreased from 2.8 to 1.2, which is a significant change, but is a more realistic value. Large
values of high water productivity with a small amount of irrigation water indicate that existing
shallow groundwater could be potentially used to increase area under irrigation using the canal
water supplies in Fergana Valley!
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PROMOTING AGRICULTURAL INNOVATION SYSTEM IN
CENTRAL ASIA FOR BETTER WATER PRODUCTIVITY AT PLOT

LEVEL
S. Mukhamedjanov1, J. Kazbekov2, J. Mohan Reddy3, H. Manthrithilake4, L. Averina5,

D. Eshmuradov6, I. Ruziev7, R. Sagdullaev8
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Regional specialist, SIC-ICWC, Consultant, IWMI-CA, Technician, SIC-ICWC,
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The paper presents the short term results of the Water Productivity Improvement at Plot
Level project9 that is implemented in three countries of the Fergana Valley – Kyrgyzstan,
Tajikistan and Uzbekistan. The baseline survey and assessment of the farmer’s needs and
constraints were carried out together with data collection on current levels of water
productivity, mainly for cotton and wheat, main crops in Central Asia. To address farmer’s
requirements, a unique and innovative approach was selected for implementation. This
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2 Researcher at the International Water Management Institute Central Asia, IWMI-CA
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4 Researcher, Head of the Sri Lanka Program, IWMI
5 Regional specialist, SIC-ICWC
6 Consultant, IWMI-CA
7 Technician, SIC-ICWC
8 Technician, SIC-ICWC
9 Supported by the Swiss Agency for Development and Cooperation
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necessitated the establishment of effective partnerships and linkages among research
organizations, information processing centers, and existing extension agencies to serve the
farmers better. The results of farmer surveys revealed that established partnerships between
actors in the innovation cycle confirmed the appropriateness of the chosen strategy.

Introduction
In Central Asia (CA), poor management practices have resulted in unreliable, inadequate

and inequitable water distribution, excessive water use, significant water losses and consequently
waterlogging and large surface drainage volumes, all of which contribute to potential conflicts
between water users. In many cases, irrigation methods applied at farm level are extremely
wasteful, resulting in fields being over-irrigated, waterlogged, and the development of secondary
salinization. The major reason for excessive water use and low crop yields at the plot level is the
lack of knowledge and resources for farmers. This clearly indicates that the issue is not of water
scarcity but that of management (WPI, 2008).

Water productivity concept is new to the region. The productivity of land in terms of
yield, e.g. “yield per hectare”, was the concept used during the Soviet Union. Many
contemporary studies suggested new concept of water productivity (Seckler et al., 2003; Molden
et al., 2003: Molden et al., 2009). In Central Asia, currently, water saving and water productivity
are inadequately addressed at plot level. Major deficiencies that were identified are:
insufficiently leveled land, excessive plot size and furrow length with corresponding over-
watering and deep percolation at the head-end and under-watering at the tail-end of fields, and
insufficient attention to crop water requirements as well as soil water retention capacity.

Furthermore, in CA, the available information associated with crop water requirements
has very little relevance with current day challenges of water scarcity and environmentally sound
water use. There is a critical need to update this information on the basis of soil, crop and
climatic conditions for different agro-ecological zones. Leveling of farmers’ fields is generally
poor and plot layouts are not adapted to soil conditions and water flow at the farm gate.
Changing and adapting plot and furrow layouts and leveling fields are therefore considered to be
important elements to minimize water losses and improve water productivity.

Following the reform in the agricultural sector of post-Soviet Central Asia, SDC initiated
the IWRM-Fergana valley project to improve institutional and organizational requirements for
transparent, reliable and crop demand-based water allocation and delivery to farmers. This
project focused predominantly on the institutional, organizational and management aspects
related to reliable, timely and adequate water supply to the farm gate. Activities at the plot level,
i.e. within the farms, were subsequently initiated to assess the impact of reliable water
availability on water use and crop yields. To take full advantage of the water savings potential
created by the IWRM project, a specific focus on plot level water use efficiency and productivity
was initiated. This paper discusses the first steps, since the beginning of the project in January of
2009, in establishing effective partnerships for linking research, extension and farmers for
improving productivity.

Setting the Stage for the Project
The inception phase of the water productivity improvement at plot level (WPI-PL) project

was initiated in 2008. During this phase, the existing knowledge on water use, crop yields, water
productivity and existing extension services in the three target countries, with a special focus on
areas where IWRM project activities were being implemented, was reviewed. SIC, IWMI and
local partners worked together, collected data from monitoring fields, agricultural departments,
and other on-going projects in the region. Current extension services and practices and materials
available for dissemination to farmers to improve productivity of water at the plot level were
also reviewed during the inception phase (WPI, 2008). This information was reviewed to obtain
a broader picture of the issues of water productivity at the plot level. In addition, the project
contracted local consultants to review current situation on water productivity and extension
services in all the three countries.
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Major outputs of the inception phase were:
§ Database on water productivity at plot level was strengthened with field data

gathered by partners in project regions. This database allows evaluation of basic trends of
irrigated agricultural development in the region and provides an estimation of the impact of
individual factors on efficiency of water use and crop production. This database is available to
all research, water management and farmer organizations.

§ Dissemination of information and training was provided through existing advisory
services in Kyrgyzstan and Tajikistan and through Basin Authorities of the Irrigation Systems
(BISAs) in Uzbekistan. This included trainings for extension workers, and production and
distribution of various information bulletins and leaflets.

§ Training of free lance consultants available within WUAs as informal extension
workers to support farmers with their operational and planning questions to sustain higher yields
while applying lesser quantity of water to their fields;

§ Situation analysis clearly revealed that farmers use excessive water, do not follow
recommended practices, and that water productivity is generally low, the common problem is the
lack of knowledge about actual crop water requirements, unstable water supply to farms during
the irrigation inadequate access to finances;

§ The analysis of the current extension strategies in CA revealed that the agricultural
extension systems are fragmented due to changes that these countries are experiencing with
regard to different agricultural policies but can be mainstreamed through combination of state
and donor efforts on policy and framework development to support extension.

Baseline situation  basis for interventions
The project organized the data collected from the demonstration sites to make assessment

of the impact of the extension activities on water productivity. For that reason, each
demonstration field was equipped with flow measurement structures to measure incoming and
outgoing water at each demonstration site. Thus, in 2009, the project was able to gather baseline
data on water productivity. Figure 1 presents information on water productivity of cotton crop in
the demonstration sites. This graph consists of three types of information: WP of the delivered
water at the plot level, and World’s highest and lowest reported WP values (0.12 and
1.70 kg/m3) for the given crop. As it can be seen, the WP of the delivered water to the
demonstration sites ranged between 0.09 to 1.63 kg/m3. This variation points to the gaps and
potentials of WP rates in different plots, which were taken as baseline. The objective of the
project was to improve water productivity by introducing a combination of agro-technical
interventions. The highest WP observed in Matcha (Sugd, Tajikistan) and Bogdod (Ferghana,
Uzbekistan) districts – 1.61 and 1.60 kg/m3 correspondingly. In Matcha the reason was that bio-
cotton project in Tajikistan was testing new variety of cotton with inter-cropping with mung
beans, which increased the yield to 4.16 t/ha. In Bogdod, the higher WP is basically due to
smaller amount of irrigation water applied (2 irrigations totaling 2100 m3/ha) owing to high
groundwater table (1.0-1.5 m).

Information on WP of wheat is given in Figure 2. The graph shows lowest WP of
0.63 kg/m3 in Pakhtabad (Andijan, Uzbekistan) due to high volume of applied water (8
irrigations with 7900 m3/ha of water) due to sandy-gravel soils with high permeability rates and
deep groundwater tables. Highest WP values were observed in 4 demonstration sites in Andijan
(Uzbekistan) and Osh (Kyrgyzstan) averaging at about 1.5 kg/m3, but is still less than the highest
World’s observed WP of 2.60 kg/m3 indicating the potential for improvement, which is the basis
for our project.
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Figure 1 - Water productivity of cotton at demonstration sites in Fergana Valley

Figure 2 - Water productivity of wheat at demonstration sites in Fergana Valley

Effective partnerships to promote agricultural innovation system
The national partners were selected in compliance with the criteria identified during the

project formulation workshop held on 18-20 September 2008 and stakeholders’ workshop on
planning actions held on 19 November 2008. The selection was based on the criteria for such
organizations which were identified by the stakeholders. The selected organizations, whose
activities conform to three main directions of the project, are represented by scientific
organizations, information centers and advisory services (disseminators) that already have
experience in consulting, as well as sufficient technical, organizational and structural capacity to
process and share knowledge with farmers. Project activities are implemented in all the three
countries of Fergana Valley: Kyrgyzstan, Uzbekistan and Tajikistan. The project implementation
started in January of 2009.

There are 18 key partners working within the project framework: 2 major partners in the
regional group represented by SIC -IWMI association, and 16 national partners and
organizations selected for implementation of project tasks (Figures 3 and 4). In Osh City, in the
premises of Osh BWMD, the country office of the project of Kyrgyzstan is located. Training
room and the country office of the project in the Republic of Tajikistan are located in Khodjent
City in the space provided by the Sogd PDMWR. The country office of the project in the
Republic of Uzbekistan is located in the premises of Naryn-Karadarya BISA in Andijan City.
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In compliance with the proposals of the national partners, regional group jointly with
them approved districts, WUAs and demonstration fields (by permission of farmers who agreed
to organization of demonstration fields). Figure 3 shows the map of location of demonstration
fields within the framework of Fergana Valley Project. The total number of demonstration fields
is 26 with the following breakdown by countries: Kyrgyzstan 6, jikistan 5, and Uzbekistan 15.

In Kyrgyzstan, advisory work with farmers and dissemination of advanced technologies is
carried out through 13 main trainers or consultants: agro-technicians of Osh RAS and hydro
technicians of WUA Support and Regulation Division. Both organizations are working in the
same districts. Osh RAS, based on its demonstration fields, consults farmers regarding agro-
technical arrangements. The WUA Support and Regulation Unit focuses on implementing
measurement of water flow in outlets and internal distribution of water between farmers. WUA
Support Unit reconciles its advisory activity with that of Osh RAS.

In Tajikistan, project activities are implemented in 6 districts of Sogd Oblast, based on
advisory services of “Irrigation and Agrarian Consulting” Ltd, and “Zarzamin” Ltd, with 8 main
trainers and consultants trained within the project framework.

Figure 3. Map of location of demonstration fields within Fergana Valley:
Tajikistan: 1-Buri Kurmas, 2-Shark, 3-Navbahor, 4-Amakjon, 5-Khimoyatbonu;

Kyrgyzstan: 6-Tukhtarov, 7–Tolobekov, 8-Abbsatorov, 9-Kyrgyzbaeva, 10-Mamafaliev, 11- Jusubaliev;
Uzbekistan: 12–Akiev, 13-Abdurahmon ota, 14–Mirzakhmad sahovati, 15–Baht imkon rivozh, 16 Dilshoda, 17-

Kahramon davlat, 18–Ergash ota, 19–Sobir ota, 20-Botirjon, 21–Artikov, 22–Kosimov, 23–Nilu,
24–Durdona Gayrat, 25-Omonov, 26–Nabijon ota

In Uzbekistan, the following BISAs are selected as dissemination organizations:
Syrdarya-Sokh, Naryn-Karadarya and Naryn-Syrdarya, which cover 13 districts of Fergana,
Namangan and Andijan Oblasts.

Till present partners were identified; conditions were created for their work and
established effective interaction between them. Key coordinators and project executors were
identified and approved, jointly with the ministries. A system for interaction between partners is
created in each country and strategies were developed for national groups’ actions. This short
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period of implementation, showed the strengths and weaknesses of each partner, including their
successes and failures with regard to organizational matters which, mainly, are not connected
with project contextual part. For the first time, approbation of work and “contact” between the
regional groups and national partners took place and, cooperation between all the partners has
been established.

Farmers  needs and matching them with known approaches
Based on materials of field monitoring on water use and agro-technical measures, the

following problems were identified to develop, plan and implement the dissemination strategy
which was based on needs of farmers (WPI 2009):

§ top-heavy irrigation rates are used everywhere;
§ grate losses on runoff and filtration because of low level of knowledge and non-

observance of technology of irrigation;
§ absence of water account at taps of farms
§ instable water supply at farm border
§ incorrectly chosen technological schemes and parameters of furrow irrigation
§ discrepancy between planned irrigation modes and required ones
§ low quality of lands leveling
§ relatively low quality of separate agro-technical arrangements
§ absence of plan-schedule of water use

The partners assessed compliance of certain farmers’ needs with the ones identified earlier
and prepared the list of technologies that are already available for dissemination and those that need
to be developed further and adapted to the local conditions. The national team of Kyrgyzstan
achieved considerable progress in execution of all the works; they obtained unity in thoughts and
certain synchronism among all players. In particular, out of the technologies selected at the
preparatory stage, they clearly identified the list of technologies for dissemination (17 out of 19);
2 technologies need to be developed further through adaptive research in ER 5. They carried out a
written survey among farmers. More than 100 farmers have been surveyed, and they discovered a
new technology of reinforcing heads of furrows and proposed to disseminate it among farmers.The
Tajikistan team, by efforts of OO IAC and provincial coordinator and partially by CECI, succeeded
in achieving all planned indicators. It’s typical that disseminators try to persuade farmers into
installing water meters at their own expenses and prove that this will enable them to reduce their
payments, sometimes 2 times, compared to hectare-based payment. By the efforts of provincial
coordinator in Tajikistan they developed a legal mechanism and package of documents for farms
and irrigation water suppliers for their effective interaction.

In Uzbekistan, the project implementation although it is not visible the clear inter-
linkages between research, information centers and disseminators and insufficient information
work on determining the needs of farmers, it is necessary to mention the great efforts of
information center, which was able to integrate all the problems and inconsistencies which were
experienced in all three provinces and were able to train the specialists from Fergana and
Namangan in the field. Owing to the appropriate actions taken by the information center, the
disseminators were able to cover larger groups of farmers with advisory and improve farmers’
knowledge. In contrast to Tajikistan and Kyrgyzstan, Uzbekistan partners were able to present
full and reliable information which was needed for the analysis.

Transfer of technologies into a farmer-friendly language and dissemination
Trainers have been selected, strategy and approaches for farmer and disseminator training

have been identified in all the republics. On three tertiary level canals and on 15 outlets (in
total), they have introduced water measuring systems to each farmer and introduced volumetric
pricing. Selected leaders of outlets register water volumes, distribute irrigation water among
farmers and maintain documentation. Training materials were prepared on the basis of the
documents compiled. Strategy of setting up farmer schools under WUA is being developed in
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Uzbekistan. Monthly agro-ameliorative bulletins and recommendations in the national languages
are extended among farmers. Demonstration fields have been selected and equipped. The
regional group has expressed its opinion and made the preliminary proposals on organizing
farmer schools.

Figure 4 - Structure of project organization and partners in the three countries

In Uzbekistan, trainers and BISA implementing officers have a vague idea on principles
of working with farmers, advisory activities are at an inappropriate level, and field trainers are
unable to implement approaches and activities proposed during the IWRM-Fergana Project. The
same can be said about Tajikistan, especially Zarzamin Ltd., the performance of its specialists is
quite poor. In CECI Information Center professionalism of its specialists, as key players in the
overall project chain, is not evident. The only exception is RAS. It’s worth mentioning that
Kyrgyzstan, based on good interaction between partners, managed to organize a successful



17

advisory work with farmers. Table 1 gives information on the trainings and the dissemination
activities that were undertakenwithin the project.

It’s important to mention that some training courses were conducted without considering
farmers’ actual needs. Such trainings, as a rule, did not produce much effect. Project
implementers, e.g. we should pay attention to this.

Table 1 - Total number of trainings held within the framework of WPI-PL Project

Training organizer Number of
trainings

Number of
participants

Whom the training is
meant for

TAIC 5 35 Trainers
Osh WUA SRD 3 93 Farmers
Osh RAS 6 162 Farmers
Total for Kyrgyzstan 14 290

I 9 90 Trainers and farmers
RAS 8 555 Farmers
Zarzamin 9 244 Farmers
Total for Tajikistan 26 889
Andijan IC 12 226 Trainers and farmers
Fergana BISA 1 28 Farmers
Namangan BISA 3 70 Farmers
Andijan BISA 5 98 Farmers
Total for Uzbekistan 21 422
Total for the project 61 1601

Conclusions
The project’s short period was the period for gaining experience from this newly

established structure of the project, and there are some instances that require proper analysis,
removing of shortcomings, and enhancement of progress already made. The established
partnerships between innovation cycle participants, which formed the basis of the project, has
already confirmed the appropriateness of the chosen strategy. Notwithstanding the relatively
short time period, the project managed to launch the first innovation cycle, taking into
consideration those farmers needs that we had at the beginning of the innovation cycle and based
on the technologies proposed by the project and selected by the partners (WPI, 2009).

It’s worth mentioning that farmers do not completely understand the importance of proper
use of water, receiving consultations and advices from the trainers of disseminating
organizations, they hardly familiarized themselves with all the aspects of the set of necessary and
important instruments, they do not use in full the advices received. In most cases irrigation
norms are exceeded, production indicators are low, but the main objective is achieved – people
understand the importance of the proposed technologies, there’s a desire to use them and they are
supported in implementation. Today we can state with certainty that the farmers changed their
attitude to water, they understood that water has other dimensions like electrical energy, water
can be and must be regularly measured, they must know the norms of water use. And this is one
of the major achievements of the project so far.

The work on discovering farmers’ innovations, their assessment and processing for the
purpose of their implementation is implemented partially. Currently innovations have been
identified in Kyrgyzstan and Uzbekistan, they need to be studied and approved. For example, in
Kyrgyzstan farmers are using improvised or available means (“baklashka”), deliver needed
amount to furrows. In Uzbekistan a farmer from Altynkul District uses magnetized water for
irrigating wheat fields. Assessment and monitoring shows that farmers have a substantial
capacity in terms of innovations, but during the period untill now the project and national
partners could not tackle this matter in real earnest. This is so because for the partners the
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organizational part of the project proved to be labor-intensive, and advisory work and adjustment
of dissemination strategy took a lot of time and required a lot of effort.

Such experiment with the involvement of numerous partners and of substantial scale is
being implemented for the first time and it is a kind of innovation in project works. Results from
our approach will be reported in the near future!
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Overview
The price of irrigation services provided by water user associations should be determined

with three goals in mind: 1) Recovering the fixed and variable costs of providing the services,
2) Generating sufficient funds to maintain, repair, and replace durable assets, and
3) Communicating scarcity conditions in a manner that encourages all irrigators to use water
efficiently. Given these objectives there are several pricing structures to consider. Perhaps the
simplest is to divide the total costs of providing irrigation service, including the cost of water
and the annual revenues required to maintain capital assets, by the area served, and to charge
each farmer a fixed price per hectare, based on that calculation. This approach, known as area-
based pricing, can achieve the first and second goals of recovering costs and generating funds for
maintaining assets, but it will not communicate scarcity conditions or motivate efficient water
use.

1 This study has been done along Integrated Water Resources Management In Fergana Valley (IWRM-Fergana) project
executed in a Consortium of the International Water Management Institute (IWMI) and the Scientific Information
Centre (SIC) of ICWC, financed by SDC (the Swiss Agency for Development and Cooperation).

http://dx.doi.org/10.1016/j.agwat.2009.03.023
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A variation of area-based pricing involves modifying the per-hectare charges to reflect
the average amount of water delivered for irrigation of selected crops. For example, a water user
association might assess a higher charge per hectare for land in cotton, than for land in wheat,
given that farmers generally apply more water on cotton than on wheat. Such a variation
provides a small incentive to choose crops that require less irrigation water, while retaining the
simplicity of recovering irrigation service costs through a land-based assessment. However, the
incentive effect can be quite small, particularly given substantial differences in the potential
revenues earned by producing alternative crops.

A second variation of area-based pricing involves the combination of a charge per hectare
of land with an allocation of water per hectare. If the amount of water available within a water
user association is less than the sum of farm-level demands, the association might implement a
per-hectare charge to recover fixed and variable costs, while also limiting water deliveries per
hectare to each farmer. For example, each farmer might be required to pay an annual assessment
per hectare, to secure delivery of no more than a clearly specified annual water allocation.
Limiting water deliveries per hectare provides a strong incentive to use water efficiently,
provided that the annual allocation is binding. That is, if the annual water allocation is the
limiting input from the farm-level perspective, farmers will be encouraged to use their annual
allocation efficiently.

Volumetric water pricing also will encourage efficient water use if the price per unit of
water reflects all the costs of developing and delivering the water to farmers. In theory and in
practice, when faced with volumetric water prices, farmers will consider the incremental farm-
level cost of water and the incremental gains obtained from each irrigation event, when
determining how much irrigation water to purchase. If water prices reflect all costs, then farm-
level water use decisions will be efficient from both the farm-level and societal perspectives.
Volumetric prices can be adjusted easily over time to reflect changes in the costs of providing
irrigation services and changes in water scarcity conditions.

A volumetric water pricing strategy can be implemented in pure form or in combination
with a per-hectare assessment. In a pure form strategy, all of the fixed and variable costs of
providing irrigation services are reflected in the per-unit price of water delivered to farmers. This
approach provides the strongest incremental incentive for using irrigation water efficiently. The
primary disadvantage of the pure form strategy is that in years with limited water supplies or in
years when farmers purchase less water than planned, a water user association might not
generate sufficient revenue to cover all of its fixed and variable costs.

This disadvantage can be overcome by including both a fixed and volumetric component
in the water pricing structure. Some or all of the fixed costs might be recovered through a per-
hectare assessment on land, while some or all of the variable costs might be recovered through a
volumetric water charge. In theory, such a mixed pricing strategy – known also as a two-part
tariff – can increase the likelihood that a water user association will recover its fixed costs, while
also providing a meaningful incentive for farmers to use water efficiently.

In this report, we consider the prospects of using these alternative pricing strategies for
recovering the fixed and variable costs of water user associations in Central Asia, while also
encouraging farmers to use water efficiently. We focus primarily on the use of volumetric water
pricing and two-part tariff strategies, as these approaches provide stronger incentives for
efficient water use than land-based pricing programs. We acknowledge that some water user
associations might choose the simpler strategy of implementing land-based charges, yet we
encourage all water user associations to consider pure form volumetric water pricing and two-
part water tariffs. We note also that in addition to selecting an appropriate water pricing strategy,
water user associations must ensure that farmers comply with association policies and remit the
appropriate service charges, to ensure a high degree of revenue collection. Allowing farmers to
receive irrigation water without full payment of the fixed and variable components of water
charges will undermine efforts to achieve financial sustainability.
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1. Irrigation Service Pricing Alternatives
1.1 Area-based Pricing
Area-based water charges are determined by dividing the sum of the fixed and variable

costs of providing irrigation services by the total area irrigated. For example, if the total annual
costs of operating a water user association, including the cost of water and appropriate charges
for interest, depreciation, and investment is $ 50,000, and the area served is 1,000 hectares, each
farmer would be assessed a land-based, annual charge of $ 50 per hectare. If revenue collection
is successful, the water user association will recover all of its fixed and variable costs.

One disadvantage of this pricing strategy is the lack of an incremental pricing incentive
that would encourage farmers to use water efficiently. Although farmers pay an area-based
charge for irrigation services, the incremental price of water is zero.  Thus, in theory, farmers
will request a larger volume of water per hectare than they would request if water carried a
positive incremental price. If water is scarce, the lack of an incremental price incentive can result
in very inefficient water use, from both the farm-level and scheme-level perspectives. At the
farm level, crop choices and irrigation volumes will not reflect the scarcity value that should be
attributed to water resources. That is, farmers will not be encouraged to select crops that generate
the greatest value with limited water. At the scheme level, irrigators at the head ends of some
canals will over-apply irrigation water, while farmers at the tail ends of those canals will be
unable to obtain sufficient irrigation deliveries.

Variations of area-based pricing strategies include assessing higher charges per hectare
for crops that require more irrigation water. Such a program might influence farm-level cropping
pattern choices in a small way, but it will not provide incentive to use water efficiently, as the
incremental price of water remains zero. Another variation is to adjust the area-based
assessments to reflect farm-level irrigation methods. For example, a water user association might
assess a higher charge per hectare for crops irrigated with surface methods than for crops
irrigated with sprinklers or drip systems. This approach might influence technology choice to
some degree, but still the incremental price of water is zero. In addition, the correlation between
irrigation technologies and volumes delivered is not perfect. Many farmers can irrigate very
carefully with surface methods, while many farmers over-apply irrigation water with sprinklers
and drip systems.

Implementing water allocations in conjunction with area-based water pricing can provide
sufficient incentive for using water efficiently, particularly if the allocations are binding and
tradable. Binding allocations encourage farmers to make wise choices regarding cropping
patterns and irrigation deliveries. Even with a zero marginal price, they will choose to apply
water in ways that maximize incremental values if the total volume available is limited. Ideally,
water allocations should be made tradable, so that farmers may purchase and sell portions of
their annual water allocations within a water user association. Such a program would enable a
farmer with a high-value crop requiring an additional irrigation to purchase water from a farmer
with a lower value crop who might voluntarily choose to forego an additional irrigation. Binding
water allocations motivate efficient water use at the farm level, while making those allocations
tradable encourages efficient water use at the scheme level.

1.2. Volumetric Water Pricing
In its purest form, volumetric water pricing recovers all of the costs of providing

irrigation services through the price charged per unit of water delivered. By design, this form of
water pricing provides the strongest incentive for using water efficiently, as it involves the
highest incremental water price. The water price is determined by dividing the sum of fixed and
variable costs of operating a water user association by the volume of water delivered each year.
The price can be adjusted over time as farmers and water user association staff members gain
experience with farm-level responsiveness to volumetric water prices and with changes in the
relative prices of farm inputs and outputs.
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The conceptual advantages of a volumetric water pricing strategy are found in the simple
notion that farm-level water demand is dynamic – rather than static. When faced with volumetric
water prices, farmers will not rely on published irrigation norms or crop water requirements to
determine how much irrigation water they should apply. Rather, they will request water
deliveries that reflect careful consideration of incremental costs and gains. Farmer will consider
how their crops will respond to each additional irrigation event, and the incremental values
pertaining to those responses. They will consider also the role of other inputs in enhancing crop
production and the implications for net returns. Ideally, all inputs will be priced volumetrically
and farmers will be encouraged to make wise decisions involving the full range of inputs they
use to produce crops and livestock products.

Volumetric pricing requires volumetric measurement and billing, and these can be
achieved using high or low technology approaches. In modern irrigation districts, water is
measured accurately using propeller meters in farm-level turnouts or similar meters placed in
straight sections of water delivery pipes. Such methods are fine where meters are affordable, but
lower technology approaches are equally valid. For example, water user associations can
estimate water deliveries using water flow rates and delivery times or by reading staff gauges
and calculating volumes delivered through carefully constructed delivery channels. The key
criterion in establishing a volumetric measurement protocol is to ensure that farmers and water
user association personnel agree that the measurement method will provide an acceptable level
of accuracy.

A potential disadvantage of pure volumetric pricing is that revenues will fall short of the
sum of fixed and variable costs in years when the water supply is limited or when farmers
respond to volumetric prices by notably reducing the volume of water they request for irrigation.
This potential problem can be overcome by enhancing the pricing strategy to include both a
fixed charge and a volumetric component. For example, a water user association might include
some portion of its fixed costs in an area-based charge, while including some portion of its
variable costs in a volumetric price for water. Such a combined structure, known also as a two-
part tariff, can increase the likelihood that an association recovers its fixed costs, while also
providing an incremental pricing incentive for farmers to use water efficiently. The board of
directors or oversight council of each water user association can determine the precise allocation
of fixed and variable costs between the two components of the two-part tariff.

Another variation of volumetric water pricing involves the use of increasing block-rate
prices. The goal of such a program is to provide a strong incremental incentive to use water
efficiently, while maintaining moderate water charges for farmers who do not over-apply

irrigation water. This can be achieved by selecting volumetric prices that rise sharply with the
volume of water delivered, beyond a targeted application rate. The following example describes
how such a program might be structured.

Examples of two-part water tariff systems
Several OECD countries (for example Australia, Austria, Denmark, Finland and the United Kingdom)
with successful water pricing schemes, use a two-part tariff structure. Examples of developing countries
that have successfully used the two-part tariff are South Africa, Argentina, India and Singapore. This has
fixed and variable elements. One of the main advantages of the two-part tariff system is the stabilised
revenue base it affords the supplier. The fixed element protects the supplier from demand fluctuations and
reduces financial risks. The variable element charges the consumer according to his consumption level
and therefore encourages conservation.
Source: Rogers et al., 2002.
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Suppose a water user association wishes to encourage all farmers to use no more than
6,000 m3 of irrigation water per hectare of cotton. The association wishes to recover all of its
fixed and variable costs, while also providing a persistent economic incentive for farmers to use
water efficiently. An appropriate block-rate pricing structure might be the following. All farmers
are required to pay an annual assessment of $ 50 per hectare, which is determined by dividing
the association’s annual fixed costs by its service area. If the variable cost of delivering water to
farms is $ 10 per 1,000 m3, the association could implement a volumetric charge of that amount,
or it could implement an increasing block-rate structure that includes two volumetric charges.
The association might charge $ 10.00 per 1,000 m3 up to delivery of 6,000 m3 per hectare, while
charging $ 15.00 per 1,000 m3 for deliveries in excess of 6,000 m3 per hectare.

Such a pricing structure would enable farmers to apply more than 6,000 m3 per hectare if
they wish, but they would pay a substantially higher incremental price for those excessive water
deliveries. Facing such a high incremental price, most farmers likely would choose to limit their
water deliveries to 6,000 m3 per hectare. The empirical values of the parameters of a block-rate
pricing structure can be adjusted over time, as water user association personnel gain experience
with farm-level responsiveness to this pricing strategy.

2. Examples of Volumetric Water Pricing for the Ferghana Valley
To demonstrate the design of volumetric water pricing structures, we consider to illustrate

in one water user association in the Ferghana Valley for this article: 1) Isan Water User
Association in Kyrgyz Republic.  We construct a two-part tariff pricing structure in which the
fixed costs of operating the water user association are included in a per-hectare, land-based
assessment and the variable costs are included in the volumetric water price. The data and
pricing structures reflect empirical information collected from the water user association during
2009 and 2010. When evaluating farm-level ability to pay for water services, we utilize farm
budget information pertaining to crops produced in 2009 in each country (Appendix Table A10).

3. Isan Water User Association in Kyrgyzstan
The Isan Water User Association serves 2,032 ha of irrigated land in the Ferghana Valley

of Kyrgyzstan. Currently, 475 farmers in 6 rural settlements belong to the association. Winter
wheat and maize are the primary crops, while farmers also produce large areas of sunflowers,
vegetables, and potatoes (Table 1).

The estimated aggregate irrigation requirement for 2009 in the Isan Water User
Association, which reflects farm-level crop choices and water requirements for kitchen gardens,
is 14 million m3 (Appendix Table A4). Assuming a farm-level application efficiency of 65 %
and a water user association delivery efficiency of 78 %, the association must purchase
27.7 million m3 of water from the canal management organization (Appendix Table A4). The
association plans to deliver 21.6 million m3 to farm turnouts. We use this volume, which
represents an average farm-level delivery of 10,631 m3 per hectare, to calculate the volumetric
component of the two-part tariff structure. By dividing all costs by the smaller volume of water
delivered to farms, we ensure that the costs of water losses are recovered from farmers receiving
water deliveries.

The planned budget of the Isan Water User Association includes both fixed and variable
expenditures. The largest category of annual cash expenditures includes the salaries and benefits
for year-round and seasonal employees. This category accounts for about 480,000 Kyrgyz Som,
or about 45 % of the annual budget (Appendix Table A5). To determine the fixed and volumetric
components of the two-part water tariff, we first separate the annual budget expenditures into
fixed and variable components. Fixed costs include the expenditures for year-round employees,
administrative expenses, and depreciation. Variable costs include expenditures for seasonal
employees, operational expenses, and contributions to the reserve fund. Variable costs include
also the planned payments for water to the Aravan-Akbura Canal Management Organization.
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The association plans to purchase 27.7 million m3 for 380,000 Kyrgyz Som, for an average cost
of 0.0137 Som per m3, or about $ 0.32 per 1,000 m3 (1 USD = 43 Kyrgyz Som).

Table 1 - Crop areas served by the Isan Water User Association, Osh, Kyrgyzstan,
in hectares

Crop Area within the
Association

Areas outside the
Association Sums

Winter wheat 345 138 483
Maize 316 143 459
Sunflower 241 5 246
Tobacco 75 75
Vegetables 225 110 335
Potato 124 124
Alfalfa, grass 55 37 92
Orchards 109 1 110
Kitchen-gardens 108 108

Sum 1598 434 2032

Given these assumptions regarding fixed and variable expenses, the planned annual fixed
costs of the Isan Water User Association sum to 286,160 Kyrgyz Som ($ 6,655), while the
planned annual variable costs are about 790,942 Kyrgyz Som ($ 18,394) (Appendix Table A5).
Dividing the planned sum of fixed costs by the area served generates an annual fixed charge
component of 141 Kyrgyz Som per hectare ($ 3.28 per ha), while dividing the planned sum of
variable costs by the expected volume of water deliveries generates a volumetric component of
0.037 Kyrgyz Som per m3 ($ 0.85 per 1,000 m3) (Appendix Table A 6).

We consider the ability-to-pay for water on the part of Kyrgyz farmers by examining the
proportions of total and net revenue that water expenditures would represent if the two-part tariff
were implemented. We conduct our analysis for maize and wheat. Using data collected from
farmers in the region (Appendix Table A10), we consider the total returns from maize and wheat
production to be $ 652 per hectare and $ 832 per hectare, respectively, while the estimated net
returns are $ 340 and $ 219 per hectare (Table 2). Given the fixed and volumetric components of
the two-part tariff described above, average water service charges would range from 0.8 % to
1.5 % of total revenue in maize and wheat production, as farm-level water deliveries range from
4,000 m3 per hectare to 8,000 m3 per hectare (Table 2). Annual water charges would range from
2.0 % to 4.6 % of net revenue in maize and wheat production. We consider these ranges of
proportional costs to be plausible and affordable for farmers producing maize and wheat.

4. Discussion
Our analysis of the planned budgets of water user associations (here it means 3 WUAs,

one from Kyrgyz Republic, one from Tajikistan and one form Uzbekistan) and the crop budgets
of farmers in the Ferghana Valley suggests that the costs of providing irrigation services can be
recovered by implementing two-part tariff water pricing structures. The analysis suggests also
that cotton, wheat, and maize farmers can afford to pay the fixed and variable components of
those pricing structures, as the sums of these costs represent small portions of total and net
revenues. While the fixed and variable components are reasonable, the two-part tariff structure
will provide a financial incentive for farmers to manage water wisely, given that the farm-level
annual cost of irrigation services increases with the volume of water delivered.

The planned costs of operating and maintaining water user associations, and the planned
water volumes to be delivered each year, vary somewhat within the three associations we have
examined. The planned fixed and variable costs, per hectare and per cubic meter, are highest in
the Akbarabad association in Uzbekistan, even though this association receives water at no
charge from the government. The planned total cost of $ 18.01 per hectare is about 50 % higher
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than the planned cost in the Isan association in Kyrgyzstan ($ 12.33 per hectare) and about twice
as high as the planned cost in the Ovchi-Qalacha association in Tajikistan ($ 8.57 per hectare)
(Table 7). The notably higher planned cost in Akbarabad is due primarily to the large budget
allocation for salaries and benefits, in comparison with the other associations. Planned
expenditures for salaries and benefits are $ 12.98 per hectare in Akbarabad, while Isan and
Ovchi-Qalacha plan to spend $ 5.51 per hectare and $ 2.95 per hectare on salaries and benefits,
respectively. The observed variation in planned expenditures for salaries and benefits suggests
that some water user associations might be more efficient than others in providing water delivery
services, although we have not yet examined the quality of services provided.

Table 2 - Scenario Analysis for Two-Part Water Service Charges Isan Water User
Association, Osh, Kyrgyzstan

Pricing Assumptions:
Fixed component 3.28 US Dollars per hectare

Volumetric Component 0.85 US Dollars per 1000m3
Crop revenue Assumptions: Maize Wheat

Total Revenue (US Dollars per ha) 652 832
Net Revenue (US Dollars per ha) 340 219

Maize Wheat
Proportions Proportions

Water
Delivery

Fixed
Charge

Variable
Charge

Sum of
Charges

Of Total
Revenue

Of Net
Revenue

Of Total
Revenue

Of Net
Revenue

(m3/ha) ($/ha) ($/ha) ($/ha) (%) (%) (%) (%)
4,000 3.28 3.41 6.68 1.0 2.0 0.8 3.1
5,000 3.28 4.26 7.53 1.2 2.2 0.9 3.4
6,000 3.28 5.11 8.38 1.3 2.5 1.0 3.8
7,000 3.28 5.96 9.24 1.4 2.7 1.1 4.2
8,000 3.28 6.81 10.09 1.5 3.0 1.2 4.6

The volumetric charge for water delivered to farms also is notably larger in Akbarabad
($ 1.23 per 1,000 m3) than in Isan ($ 0.85 per 1,000 m3) and Ovchi-Qalacha ($ 0.41 per
1,000 m3), due partially to Akbarabad’s plan to spend a substantial amount on seasonal workers,
and partially to the smaller volume of water delivered per hectare. The planned average water
delivery in Akbarabad is 7,900 m3 per hectare, while average planned deliveries in Isan and
Ovchi-Qalacha are 10,631 m3 per hectare and 14,119 m3 per hectare, respectively (Table 3).
While the actual volumes of water delivered annually and the average costs are not yet known,
the average cost of delivering water likely diminishes, to some extent, as the volume increases.

If the water user associations choose to charge for irrigation services using a pure
volumetric tariff structure, the planned prices that would recover all costs would be $ 2.28,
$ 1.16, and $ 0.61 per 1,000 m3 in Akbarabad, Isan, and Ovchi-Qalacha, respectively (Table 3).
Each of these volumetric prices is reasonable and affordable at the farm level, according to the
farm budget information we have analyzed. We should note, however, that the Akbarabad
association budget does not yet include a cost for water from the canal management
organization. In addition, it is not clear that farmers in any of the water user associations would
request the planned volumes of water if they were required to pay these volumetric prices.

As noted above, farm-level water demands are dynamic, rather than static. When faced
with volumetric prices, farmers will consider the incremental costs and gains for each irrigation
event and they will adjust their requests for irrigation water accordingly. It is this dynamic
responsiveness that motivates consideration of pure volumetric and two-part tariff systems, with
the goal of encouraging notable improvements in farm-level water management throughout the
region.



25

Table 3 - Comparing planned budgets, water expenditures, and two-part water tariff
structures for three water user associations

Hem Units Akbarabad
Uzbekistan

Isan
Kyrgyzstan

Ovchi-Qalacha
Tajikistan

Imigated area served Hectares 3,052 2,032 596
Planned volume of water inflow to WUA m3/vear 30.908.000 27.695.000 10.788.000
Planned volume of farm water deliveries m3/vear 24.108.000 21.602.000 8.415.000
Planned volume of water per ha m3/ha 7,899 10.631 14.119
Planned annual fixed costs $/year 25,380 6,655 1,661
Planned annual variable costs $/year 29,590 18,394 3,449
Planned sum of  fixed and variable costs $/year 54,970 25,049 5,110
Planned fixed costs per hectare $/ha 8.32 3.28 2.79
Planned variable costs per hectare $/ha 9.70 9.05 5.79
Planned sum of costs per hectare $/ha 18.01 12.33 8.57
Planned expenditure for water $/year 8.837 1.674
Planned unit expenditure for water $/1000 m3 0.32 0.16
Two-part tariff analysis:
Fixed cost component $/ha 8.31 3.28 2.79
Variable cost component $/1000 m3 1.23 0.85 0.41
Sum of fixed and variable charges if
farmers apply 6,000 m3 per hectare $/year 15.68 8.38 5.25
Proportion of total revenue (wheat) percent 2.1 1.0 0.7
Proportion of net revenue (wheat) percent 5.3 3.8 2.2
Pure volumetric pricing analysis:
Volumetric price of water $/1000 m3 2.28 1.16 0.61

4.1. Limitations
The fixed and variable price components that result from our analysis reflect the planned

budgets we have obtained from water user associations. Those budgets likely do not include all
of the costs of operating and maintaining the associations each year, and also investing
adequately in the maintenance, repair, and replacement of durable assets. Rather, it is likely that
the budgets reflect a desire on the part of association managers to match their planned
expenditures with expected revenues. Many water user associations post their planned annual
budgets on the walls of their offices, in part to demonstrate transparency, and also to inform
members of the relationship between the fees they pay and the services they receive. While both
of these aspects are helpful and appropriate, the desire to show a balance between expected
revenues and planned expenditures might lead some managers to exclude selected expenses from
their planned budgets. Indeed, we learned of this practice during interviews with several
association managers.

Among the expenses most likely to be omitted or under-estimated in the annual budgets
are planned investments, depreciation, contributions to a reserve fund, and any costs that might
be covered by the government if revenues from farmers are insufficient. While some of the
associations include line items for depreciation and reserve funds, it is not clear if the amounts
shown in those categories are adequate or if they reflect careful consideration of actual
investment and depreciation schedules or risk management strategies. It is likely that many
association managers have limited experience in financial planning. Yet they likely have
accurate perceptions of the challenges involved in receiving full payment for water services from
farmers. They might also have a good understanding of the government’s willingness to provide
monetary or in-kind support for water user associations when necessary.

Over time, water user associations will gain experience with financial planning and risk
management strategies, particularly if capacity building efforts are continuously included in
donor-funded projects to enhance the financial sustainability of water user institutions. As they
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gain experience, association managers and treasurers will begin developing long-term investment
programs, in consultation with their councils, boards of directors, and other farmers. They will
also begin assessing more completely the risks and potential problems that might arise during
water delivery seasons, and they will develop meaningful strategies to create and maintain
adequate reserve funds. With these developments will come more thorough consideration of the
full costs of operating and sustaining water user associations. Those costs will then be reflected
in long-term investment plans and annual budgets.

4.2. Extensions
The budgets and scenarios presented in this report demonstrate the potential viability of

volumetric and two-part water service tariffs in recovering the costs of operating and
maintaining water user associations in the Ferghana Valley. This work should be viewed as
somewhat preliminary, as the budgets we have reviewed do not yet reflect all of the annual and
long-term costs that water user associations should include in fully specified budgets. Additional
work is needed to assist water user associations in gaining the capacity needed to develop long-
term investment plans and to consider all of the costs that need to be collected from water users
each year.

In addition to developing technical expertise pertaining to financial management,
investment planning, and risk management, further work is needed also in establishing effective
water user councils or boards of directors. The councils or boards should be comprised of
association members who are elected to serve in those positions by the complete membership.
Board members should be invested with full responsibility for ensuring the fiscal integrity and
sustainability of the water user associations. They should be charged with hiring the water user
association manager and approving all annual budgets and investment plans. The boards should
meet monthly to review the association’s annual budget and approve current expenditures. One
of the monthly meetings should be focused primarily on reviewing and approving the subsequent
year’s budget. The boards might consider forming a committee to work closely with the manager
in developing each year’s budget before it is brought to the full board for review and approval.

The board members of water user associations should choose pricing structures and
determine empirical values of key pricing parameters, in consultation with association managers
and members. The pricing structures in this report should be viewed as helpful examples of
volumetric and two-part tariff pricing structures. The empirical values of fixed and variable
components in our two-part tariffs arise from our division of annual costs into fixed and variable
categories. Over time, board members might decide to modify their pricing structures or change
empirical values, as they gain experience with farm-level responsiveness to alternative pricing
programs. Many farmers will improve water management practices and change cropping patterns
when they are required to pay for irrigation services, particularly if pricing structures include
volumetric components. It is essential to continually assess the effectiveness of water pricing
structures in achieving the three objectives of recovering the full costs of operating and
sustaining water user associations, generating sufficient funds to maintain, repair, and replace
durable assets, and providing the correct financial incentives for farmers to match their water
management practices with water scarcity conditions.
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Appendix Table A 4. Crop water requirements for the Isan Water User Association,
Osh, Kyrgyzstan

Crop Indicators Quantity Crop Indicators Quantity
 Area, ha 483  Area, ha 110

Winter
Wheat

Water requirement
(irrigation rate) m3/ha 6,400 Orchards Water requirement

(irrigation rate) m3/ha 7,500

 Net water req., 1000 m3 3,091  Net water req., 1000 m3 828
Maize Area, ha 459 Alfalfa Area, ha 55

Water requirement
(irrigation rate) m3/ha 7,700 Grass Water requirement

(irrigation rate) m3/ha 11,800

 Net water req., 1000 m3 3,531  Net water req., 1000 m3 649
Sunflower Area, ha 246  Area, ha 108

Water requirement
(irrigation rate) m3/ha 4,000 Kitchen

Gardens
Water requirement
(irrigation rate) m3/ha

 Net water req., 1000 m3 984  Net water req., 1000 m3 1,708
Tobaco Area, ha 75  Area, ha 335

Water requirement
(irrigation rate) m3/ha 8,500 Vegetables Water requirement

(irrigation rate) m3/ha 7,800

 Net water req., 1000 m3 638  Net water req., 1000 m3 2,613
 Sum of crop area, ha 1,871

Net water supply to the
field thousand m3 14,042 Average water volume (m3 per ha): 7,505

Total in
WUA

Field Application
efficiency 0.65

Gross water supply to
farms thousand, m3 21,602 Average water volume (m3 per ha): 11,546

Efficiency of the
distribution system 0.78

Water intake in WUA
thousand m3 27,695 Average water volume (m3 per ha): 14,802

Appendix Table A 5. Planned Budget for the Water User Association in 2009,
Osh, Kyrgyzstan

Item Planned Expenditures, In Kyrgyz Som Items Subtotals
1 Salaries of Personnel 391,200
 Salaries for administrative staff 192,000 F
 Salaries for operating personal (seasonal workers) 199,200 V
2 Social Funds and Taxes 89,976
 § Social Insurance for administrative staff (19%) 36,480 F
 § Social Fund for operating personnel (19%) 37,848 V
 § Tax for administrative staff (4%) 7,680 F
 § Tax for operation personnel (4%) 7,968 V
3 Administrative and Management Expenses 15,000
 Travel 5000
 Payment of Union of Canal Water Users 5000
 Stationary 2000
 Electricity cost 1000
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 Communication expenses 2000
4 Water and Management Expenses 410,000 V
 Repair of on- farm canals and cleaning 30,000
 Payment for the water to Aravan- Akbura Canal Mgt Organization 380,000
5 Depreciation 35,000 F

 Sum of annual cash expenditures 906,176
 Sum of cash expenditures + depreciation 941,176
 Reserve fund (15 % annual cash expenses) 135,926 V
 Sum of cash expenses, depreciation, reserves 1,077,102

Subtotals of the Fixed and Variable Cost Components
Fixed Costs 286,160

Variable Costs 790,942
Sum of Fixed and Variable Cost 1,077,102

 Note:  denotes a fixed cost component, while V denotes a variable
cost component in this analysis.

Appendix Table A 6. Calculating Water Service Charges in a Two – Part Tariff Structure,
Isan Water User Association, Osh, Kyrgyzstan

In Ky Som  In US Dollars
Fixed Costs ( Ky Som / yr) 286,160  6,655 $ per year
Variable Costs ( Ky Som / yr) 790,942  18,394 $ per year

Area served (ha) 2,032  3.28 $ per ha, TFC
 9.05 $ per ha, TVC

Water delivered (1,000 m3) 21,602  12.33 $ per ha, TC

Fixed area charge (Som/ha) 141  3.28 $ per ha per yr
Vol. water charge (Som/m3) 0.037  0.85 $ per 1,000 m3

 1.05 $ per acre-foot
Currency conversion are
based on an exchange rate of: 43 Kygyz Som /US Dollar
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Appendix Table A10.
Farm-level crop revenue data collected from individual farms in Uzbekistan, Kyrgyzstan, and Tajikistan, 2009

Uzbekistan Tot Rev Net Rev Net water Uzbekistan Tot Rev Net Rev Net water
Wheat Andijan 1,000.0 414.5 424.5 Cotton Andijan 1,155.0 324.1 334.1
Data from individual 855.0 229.2 239.2 Data from individual 1,193.5 393.6 403.6
farms in 2009 819.0 322.0 332.0 farms in 2009 1,185.0 367.6 377.6

765.0 180.1 190.1 1,053.0 203.7 213.7
Means 859.8 286.5 296.5 Means 1,146.6 322.3 332.3

Uzbekistan Tot Rev Net Rev Net water Uzbekistan Tot Rev Net Rev Net water
Wheat Ferghana 636.0 304.1 314.1 Cotton Ferghana 960.0 307.0 317.0
Data from individual 755.2 359.2 369.2 Data from individual 936.0 293.0 303.0
farms in 2009 577.7 248.6 258.6 farms in 2009 1,100.0 239.0 249.0

524.4 234.7 244.7
Means 623.3 286.7 296.7 Means 998.7 279.7 289.7

Uzbekistan Tot Rev Net Rev Net water Uzbekistan Tot Rev Net Rev Net water
Wheat Ferghana 787.0 322.0 332.0 Cotton Ferghana 1,104.0 443.1 453.1
Data from individual 720.0 248.0 258.0 Data from individual 1,058.0 439.4 449.4
farms in 2009 773.0 308.0 318.0 farms in 2009 702.0 63.5 73.5

648.0 254.0 264.0 687.9 41.4 51.4
Means 732.0 283.0 293.0 Means 888.0 246.9 256.9

Uzbekistan Grand Uzbekistan Grand
Wheat Means 738.4 285.4 295.4 Cotton Means 1,011.1 282.9 292.9

Tajikistan Tot Rev Net Rev Net water Kyrgyzstan Tot Rev Net Rev Net water
Cotton Sogd 783.0 233.0 261.0 Cotton Osh 1,333.0 754.3 768.2
Data from individual 899.0 243.6 270.6 Data from individual 1,368.0 765.0 781.2
farms in 2009 803.0 277.5 302.8 farms in 2009 1,341.0 694.0 711.3

813.0 239.3 264.3 1,164.0 575.0 588.9
Cotton Means 824.5 248.4 274.7 Cotton Means 1,301.5 697.1 712.4

Tajikistan Tot Rev Net Rev Net water Kyrgyzstan Tot Rev Net Rev Net water
Winter Wheat, Sogd 781.4 245.9 270.3 Wheat Osh 821.6 178.1 193.7
Data from individual 747.1 220.1 245.7 Data from individual 920.7 308.7 326.0
farms in 2009 547.1 108.0 126.4 farms in 2009 808.3 145.2 162.5

834.9 278.1 303.6 778.6 172.7 193.5
Wheat Means 727.6 213.0 236.5 Wheat Means 832.3 201.2 218.9

Note: Kyrgyzstan Tot Rev Net Rev Net water
The 'net water' values are net revenues adjusted by Maize Osh 791.0 393.0 407.0
removing the charges paid to water user associations. Data from individual 515.0 227.0 241.0
We use these net revenues when examining the farms in 2009 651.0 359.0 373.0
impacts of water charges on farm-level net revenues.

Wheat Means 652.3 326.3 340.3
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Introduction
Land reforms in Central Asia following dissolution of Soviet Union has led to the emergence

of numerous medium to smallholder farmers, thus, putting the government-run and administrative
(district and provincial) water departments under immense financial and institutional stress. The
Ferghana Valley is densely populated region that occupies about 79,000 km2 of land. In late 90’s
land reforms in the region led to the emergence of numerous small private farmers, putting the
government-run and administrative district irrigation departments under colossal institutional
stress. The situation caused conflicts, inadequate allocation of water, environmental problems and
social imbalance. These issues in the Ferghana Valley were addressed by IWMI/SIC and its
partners with the immense support from SDC promoted institutional reforms at main canal level.
The paper discusses the IWMI/SIC project impact adopted into the local context and its impacts.
Reforms were complemented by the developed comprehensive social mobilization approach to
establish bottom up water user associations; unified canal management organizations along
hydrographic boundaries with water users playing a major role in canal governance. The field
trials have identified potentials for improved water and land productivity at plot level.

Background
The Ferghana Valley is framed by the Ala-Tau and Alai mountain ranges and occupies

70,000 km2 of territory with the highest density of population (250 habitants per km2) and best
productive agriculture (See Figure 1). The valley is shared by three countries – Uzbekistan (4.2% of
its area in the Ferghana Valley), Kyrgyzstan (39.9 %) and Tajikistan (18.2 %).

The average temperature in the valley is 13.1°C, ranging from -8°C to 3°C in January and
17°C to 36°C in July. Annual precipitation ranges from 109 mm to 502 mm whereas evaporation
ranges from 1133 mm to 1294 mm throughout the Ferghana valley. The long–term (1970-2000)
average annual precipitation for the South Ferghana Canal (SFC) command area is 175 mm. During
the study period (2003-2007), precipitation rates were mostly higher than the long-term average,
with the highest value of 330 mm in 2003 and the lowest of 150 mm in 2000.

The total population is about 10.5 million which is about 1/5th of the total population of
Central Asia. These countries are still in the process of transition. The land reforms following the
disintegration of the Soviet Union led to the emergence of numerous small private farms, thus,
putting the government-run and administrative district irrigation departments under immense
organisational, institutional and logistical stress. The situation caused inadequate allocation of water
and environmental problems. As a solution to these issues, the project designed and promoted
institutional reforms to foster request oriented water allocation and facilitated water users to take

1 Researcher at the IWMI Central Asia
2 Researcher, Head of IWMI Central Asia Sub-Regional Office
3 Regional Leader of the Institutional Block, SIC-ICWC
4 Researcher at the IWMI-CA
5 Research Officer at the IWMI-CA
6 Research Officer at the IWMI-CA
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part in water governance at different levels. The project has established user driven organizations
using a comprehensive social mobilization and institutional development approach.
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Figure 1 - Map of the Ferghana Valley

The initial studies under the project titled Integrated Water Resources Management in the
Ferghana Valley (jointly implemented by IWMI and SIC-ICWC and supported by SDC) had
observed the institutional gap between the WUA and farmers. Consequently, an effective
partnership has been created involving local water specialists from the relevant ministries, basin
irrigation system organizations and provincial water management authorities of the countries
sharing the Valley – Kyrgyzstan, Uzbekistan and Tajikistan.  The main challenge faced was “what
are the alternative solutions that would allow farmer communities to mobilize the financial, in-kind
and other resources such as participation, active involvement to support complicated water
management procedures, governance of WUAs, gradual infrastructural improvements and increase
financial self-sufficiency?” The innovative solution to this challenge was establishing effective,
democratic, participatory, user driven grass roots organization of farmers, e.g. water user groups
(WUGs) along tertiary and below level canals.

Introduced reforms
The initial studies found that 1) the state support for irrigation system maintenance,

particularly the lower level canal systems was declining in Central Asia; 2) the increasing number
of farms due to land reforms was leading to an institutional gap in water management (Ul Hassan et.
al, 2003); 3) inefficient water management practices were keeping the land and water productivities
below potential. The project addressed these issues by promoting institutional reforms to foster
request oriented water allocation and participation of agricultural water users (Dukhovny et al.
2008). These principles were tested in three pilot canals of Ferghana Valley. The project has
established unified hydrographic canal management organizations to manage water along wider
hydrographic boundaries, created WUAs using a bottom up social mobilization approach (Ul
Hassan, 2003) and determined the potential for land and water productivity improvements (2003-
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2005). In 2005-2008, the project consolidated and generalized the adopted principles and carried
out extensive capacity building, training and dissemination campaigns for wider dissemination.

Social mobilization process
The declining state support to maintain the lower level irrigation systems in Central Asia,

organisational and institutional deficiencies following land reforms, the gradual deterioration of the
infrastructure and the low role water users in operation and maintenance have exposed serious
problems of water management. The challenges in the project areas faced were that most of the
WUAs have been established through a top-down approach, where the ordinary farmers have
neither been consulted nor been informed that they are members of the WUA. As a consequence of
this there were a high number of cases of: ineffective water management, conflicts among water
users, low irrigation service fee collection rates, issues of attracting and keeping qualified staff, no
capacity of WUA to fulfill the water request of each and every water user, no legal
obligation/contract with water users on water delivery, no planning and proper documentation as
well as debts accumulated from old collective farms.

The experiences elsewhere suggest if the external factors such as physical and technical,
policy and governance as well as social and economic factors are enabling that irrigation
management transfer would be successful (Meinzen-Dick, et al., 1995). Other authors have
highlighted different external factors (Vermillion, and Sagardoy 1999, Huppert, et al. 2001).
Overall it is not evident how the different factors relate to each other, or whether one factor has
priority over the other (Wegerich 2010). If these factors would be conducive it is argued that
farmers would respond positively and would show the willingness to participate in the management
of irrigation systems.  Therefore, one of the fundamental objectives of the IWRM intervention was
to facilitate some of the factors which would allow more successful IMT under the condition that
IMT had already been implemented and that there was no previous study whether the external
factors were conducive to IMT within the project area. During the project water users took over the
full responsibilities over secondary canal systems through participatory WUAs and shared the
responsibilities with the state to govern main canal systems.

For this IWMI has developed the Social mobilization and intuitional development method
(SMID). SMID is a process, through which stakeholders are involved as key decision makers for
water management (Ul Hassan et al., 2003). Through mobilization, farmers understand that they are
establishing participatory organization for their own collective benefit and that this organization
will be accountable to them and will work for them on their agreed rules and locally appropriate
procedures that are generally accepted by all farmers. Mobilization process starts from the
understanding the needs of the farmers and problems in water management that are later engaged in
dialogue for collective action to improve water management by trained SMID staff. The key focus
of SMID activities were establishing and further developing of hydrographic WUAs and canal
organizations – that are self-governing, self sustaining and self managing. Thus, the SMID approach
was designed to serve the solitary purpose, which was to develop user driven organizations through
several constituent steps (awareness building, diagnostic analysis, consultations, election of
representatives, initiative groups, founding documents, training, registration and further
strengthening through intense capacity building), with the aim that these organizations deliver water
to its water users in equitable, reliable and timely manner.  For effective SMID impact the project
used innovative knowledge sharing tools as facilitation of informal network of WUA leaders around
pilot WUAs; farmer to farmer days; experience sharing tours to active WUA leaders and SMID
team members.

Achievements
True integration
The project specialists in close dialogue with stakeholders worked to define and discuss

alternative organizational structures of water management at the main canal level. Regular
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participatory training workshops and socioeconomic surveys organized by the project provided new
opportunities for a broad involvement of water users in the reform, e.g. building a new alternative to
the existing system of water management (See Figure 2) for pilot canals – Aravan Akbura in
Kyrgyzstan, Khodjabakirgan in Tajikistan (KBC) and South Ferghana Canal in Uzbekistan (SFC).

Thus the integration process achieved by the project included i) establishment of the vertical
linkages between different hierarchy levels – canal, WUA, water user groups and farmers; ii)
horizontal linkages were additionally promoted, e.g. incorporation of inter-sectoral interests
(industries, water supply, energy, environment, municipalities etc.) under single canal management
organization; iii) separation of governance and management functions are achieved at tertiary
(WUGs: mirabs and leaders), secondary (WUA: directorate and Council) and main (Canal
organizations: Canal management organization and Canal Water Committee; iv) integration of all
types of water (including groundwater) and uses in the water allocation planning through
Management information system (MIS) tool were also introduced in pilot canals;

Figure 2 - Established structures – greater public participation

Joint governance
When the project started the institutional reforms which were implemented in the three

countries limited public participation in irrigation management to secondary, tertiary or on-farm
irrigation system level. The project has achieved a relocation of responsibility of the state to govern
canal jointly by state and water users and brought water user’s influence a step forward. Through a
social mobilization campaign facilitated the identification and involvement of all key stakeholders
in the governance of these canals (water users, local governments, water management
organizations, NGOs, industries etc.) and in setting up of joint public governing bodies (Figure 3).

Figure 3 - Governance over canals through joint state-public body

To set up these joint public governing bodies was an important water management
intervention, which was introduced in the region by the project. Although the status and mandate of
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these public governing bodies are still under discussion, it puts the principle of user participation
one-step higher in the water resources management hierarchy than what was previously established.

Figure 4, depicts the impact of these reforms in terms of water abstraction by the canal
(shows the percentage of the water intake compared to intake in 2003, taken as 100 %). According
to Manthrithilake (2008) the 100 % taken in SFC in 2003 was reduced by 39 % by 2007. A similar
positive result can be shown for KBC and AAC on average – 23 % and 28 % respectively.
Although, there are some researchable questions: What is the impact of rainfall; human and natural
water availability within small rivers, or the conjunctive use (drainage water, groundwater, side
inflow of small rivers and return flows).

100

88
83

61

80

69 65

77

97 99

77

78

76

40

60

80

100

120

2003 2004 2005 2006 2007

%
 o

f 2
00

3 
va

lu
e

SFC AAC HBC

Figure 4 - Impact of reorganization – less water intake at the head gate of pilot canals

Figure 5 presents the impact of the reforms on the irrigation service fee collection (ISF),
along Aravan Akbura Canal in Osh province of Kyrgyzstan. The trend suggests the gradual
improvement over the time and in 2007 the canal management was able to collect 88 % of the target
amount of fees. Arguably, it still has not reached 100 % and the targeted fees did not contain
information about main assets, which WUAs are still trying to integrate into their budgets, also
there are questions related to the maintenance – is the given figure only including staff salaries or
also maintenance and repair works etc.?

Facilitating WUGs
Particularly in the cases of very small land holdings of farmers (such as in Kyrgyzstan,

Tajikistan and for kitchen gardens in Uzbekistan) the task of water distribution is difficult and the
transaction costs for making individual contracts and to guarantee the fulfilment of the contract are
high. Hence, the project anticipated a strategy for reducing the transaction costs – to make the WUA
organisations more sustainable. Because of this it was envisioned to establish water user groups
(WUGs) along tertiary and below the tertiary level.

Based on the well-tested Social Mobilization and Institutional Development (SMID)
approach the guideline on importance and practical steps to establish WUGs was developed
(Kazbekov and Abdullaev, 2006). Subsequently the locally recruited field staff was trained on the
following steps facilitate bottom up WUGs: identification of problematic zones of WUA, where
most water distribution problems occur; walk through survey of outlets and documenting the key
structural gaps; initial discussions with farmers of issues and inquire about active water users;
presentation of basic concepts of WUG and its role in WUA development; meeting with water users
to elect WUG leader; follow up and training activities. To complement facilitation of WUGs the
project commenced the support of WUG initiatives to improve irrigation structures. The key
objective was to facilitate farmer participation in identifying disadvantaged infrastructures,
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designing and constructing process with minor non monetary support from the project (providing
resources, means and materials) and major input from water users (in-kind, labor, local construction
materials). The criteria for the identification of needs for infrastructural improvements were that the
structure would have to in the most severe conditions, the structure would have to serve several
WUGs or different user groups such as rural communities (mahallas) and farmers, farmers that are
under the command area of the structure had to be willing to take active part in improvement, and
farmers that are applying for competition had to present the support from associated WUA and rural
community members.
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Figure 5 - Improved ISF collection along AAC, Kyrgyzstan

Impact of WUGs
The support of WUG initiatives resulted in
1) that the WUA services could reach all farmers by decreasing the transaction costs of the

WUA. For example in WUA Joypas (Kyrgyzstan), 22 WUGs were established where most of them
were self initiated, 22 WUG leaders became members of WUA councils and govern the WUA.
Now WUA signs water agreements with only 22 WUG leaders instead of 879 water users and
WUA hydrotechnicians deliver water to only 22 WUG leaders. It also improved the ISF collection,
which is now 100 %.

2) increased confidence of WUAs to mobilize its own resources and of water users that there
would be gradual infrastructural improvements and

3) brought greater sense of ownership over the structures; decreased the number of conflicts
by 20 % (Abdullaev et.al., 2006); increased the operativeness of water management. This is
demonstrated in Figure 6, which depicts the improvement in water allocation and delivering water
in WUA Jani-Arik, after establishment of WUGs (volume of water delivered to unit area). The
adequacy, equity and timeliness have improved over time.

4) The success of establishing some WUGs within one WUA facilitated that WUAs
continued to set up WUGs themselves, or WUGs were formed by farmers themselves. For example
the WUA Jani-Arik has 27 WUGs, of which 70 % are self-initiated.
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Figure 6 - Decreased water intake in WUA Jani-Arik after creation of WUGs,
1000*m3/ha (2003-2006)

Conclusions
The main conclusion is that IWRM-Ferghana project was successful in making water

management effective. This was also presented by other researchers were the analysis has identified
a range of effects based on differences between project and non-project zones (Yakubov, 2010).

Based on that the project tried to test – established bottom up WUAs, trained farmers,
formed unified canal management organization based on hydrographic principle and finally
introduced the linkages hierarchically and horizontally. Separated the function of governance and
management and provided with simple planning and operational tools. The impact shows that it
sharply decreased the number of conflicts among water users, eased situation with delivering water
to the tail parts of canals outlets, increased the ability of water organizations organizational capacity
to make stable, equitable and fair water delivery service.

The WUGs are an institutional base for introduction of timing/rotational-based water
payments within the WUG and could lead to more equitable distribution of water. WUGs are the
key in WUA governance specifically for Kyrgyzstan and Tajikistan with many small farmers as
well as Uzbekistan when it concerns the Mahallas.

The project experience suggests that the little investments into the organizational reforms of
water sector gives high returns, improved water allocation, water conservation and economic and
financial sustainability.
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The significance of environmental services related with irrigation is increasingly
acknowledged as a critical factor for agricultural productivity in South Asia. However, little is
known about farmers’ willingness to contribute for the preservation of these services. To this
aim, we conduct a stated preference approach for the elicitation of farmers preferences towards
the economic value attributed to environmental services related with agricultural water use. The
research is based on results from an extensive survey in selected clusters of India, Pakistan and
Nepal. The case studies are situated along Indo-Gangetic basins due to the presence of more
evident environmental problem linked with irrigation. The findings present a highly agreeable
stance of Indian and Nepalese farmers towards the contribution to the environmental services
while the majority of Pakistani is opposed to such a contribution. However, they all agree on the
type of the assessment approach. The association of the economic assessment with key wealth
indicators and socio-demographic elements depicts the high significance of household size.

Keywords: South Asia, Indo-Gangetic basin, environmental services, agricultural water,
stated preference

Introduction
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Agricultural water use in IGB area is a major determinant of farm productivity and hence
rural welfare of the inhabiting agrarian communities. The recent rapid expansion of groundwater
exploitation in IGB has resulted in a considerable agricultural growth (Amarasinghe et al,
2007 a). However, pumping in permeable alluvium derived soils which are usually met in IGB
area has also induced water pollution from agrochemical residuals in certain ares. Also, over
pumping practices have diminished groundwater reserves in the intensively irrigated areas in the
northwest. (CPWF, 2010). The close linkage of groundwater with surface water sources has
resulted in an overall degradation of water status in IGB (Jain et al, 2007).

A quantitative and qualitative deterioration has mostly affected the ecological services
associated with water cycle. Water scarcity in dry season, high soil salinity and arsenic
contamination of groundwater and soil erosion are the most indicative problems emanating from
the disturbance of supported ecological services (Sharma and Xueliang, 2009). The significance
of supported ecological services is widely acknowledged in scientific community but was until
recently unknown to farming community in IGB. However, deterioration of water quality and
quantity has given profound insights to farmers about the vital role of ecological services by
triggering the need for preservation initiatives (Ambastha et al, 2007).

To this aim, the paper attempts to elicit through a stated preference approach and an
economic assessment, vital environmental services of agricultural water. The approach is applied
through Willingness to Pay (WTP) inference. The opposition or approval of respondents to
participate in the economic assessment is captured on a country wise basis. We further deploy
the differentiations of WTP bids between countries while main central tendency indicators are
discussed. Also, we employ wealth indicators and socio-demographic elements for the
understanding of farmers’ stance towards the economic assessment. The analysis is conducted
through Multinomial Logistic Model and SPSS 17 statistical package.

Methodology
The necessity of water valuation services is not always perceived as a desirable action.

Numerous ethical dilemmas are raised on the premise that human beings are not capable of
valuing priceless ecological assets of which they are a part of (Heal, 2002). However, the water
valuation concept is not based on the assessment of the ecological entity per se. The entity’s
valuation is perceived through the intrinsic/inherent values acknowledged in an ecosystem and
remains a black box in valuation analysis (Brouwer et al, 1997). It is the instrumental value that
is attributed in the environmental goods and services (Spash, 2000). To this aim, the division
between direct, indirect and non-use values has been developed through a wide range of
valuation frameworks (Haab and McConnell, 2002; World Bank, 2005; EVRI, 2010).

A representative example of economic valuation framework is depicted in Pearce (1993)
as below:

Total economic value (TEV) = Use Values (Direct Use Value + Indirect Use Value) +
Non Use Values (Option Values+ Existence Value)

Direct use values represent the environmental services that are apparently linked with
market commodities. The sand extraction in a riverine ecosystem for instance, is directly distinct
as a building material with a price tag. An implication of some other less distinct direct use
values are flood or erosion avoidance, which could be identified through shadow or surrogate
pricing (Pearce and Ozdemiroglu, 2002).

Indirect use values go a step beyond this linkage with market by detecting the
environmental services which somehow contribute to the human welfare but are hardly
quantifiable and matched with market commodities. Indicatively, the natural water filtration in
riverine ecosystems is scientifically acknowledged (Koundouri et al, 2003) as an environmental
service which resembles with mechanical filtrations. However, the economic assessment in
comparison with a mechanical filtration would undervalue the service due to the multiple uses
offered by the natural process. For instance, the natural filtration would demand less effort for
purification and mitigation of erosion effects due to fauna and flora improvement in river banks
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and surroundings. Such effects could drastically minimise the quality and land sliding problems
presented in farmlands.

Non-Use value category is of equal importance with the ‘Use values’, but it exhibits
intangible services provided by an environmental entity to the human welfare. The prime
category of ‘Option values’ corresponds to a kind of deposit of ecological services for future use
which could be perceived as an insurance premium for the supply reserves. Indicatively, the
option value attributed to the fishery stock in a riverine ecosystem, could be rather high due to
the assumption that a viable population should be preserved for the sustenance of future fishing
activities. Further, the ‘Existence value’ is interpreted as the instinctive desire of individuals to
preserve an ecological entity for aesthetical or intergenerational purposes (Garrod and Willis,
1999).

The analysis will be explicitly focused on indirect use values represented by
environmental services to agricultural water. The outcome will attribute a mere subtotal of
freshwater value. The inclusion of direct services and non use value would multiply final
outcome (DTLR, 2002). However, we purposively focus on environmental services in IGB area
due to the assumptive ignorance of farmers on these services and its proven linkage with
agricultural produce. The study does not consider the occurrence of unpredicted external factors
(i.e. natural disasters) as influential to the analysis. Although external factors could be inserted
through sensitivity analysis in the research, the erratic and unpredicted appearance of such
effects inhibited such an undertaking.

The stated preference approach is introduced as an appropriate methodological tool for
the assessment of farmers’ preferences. In stated preferences, the assessment is conducted
through a hypothetical or constructed market based on survey analysis. (Alpizar et al, 2001,
DTLR, 2002). Respondents are asked to respond in a set of choices by directly assessing non-
economic goods and services. The introduction of stated preferences in environmental problems
like acid rain, air and water pollution is widely used in literature (Bateman and Willis 1999;
Louviere et al 2000; EVRI Database, 2010).

For implementation of stated preferences approach, a quantitative economic assessment
based on Willingness to Pay (WTP) is introduced. The environmental related services are
elicited in direct open-ended questions. The crucial supportive services such as microclimate
stabilization, infiltration to groundwater reserves and erosion protection are also queried. The
biases of open ended approaches are taken into consideration as a threat to the distortion of the
assessing outcome (NOOA, 1995). To this aim, an extensive introduction about the concept of
economic assessment was offered to respondents by trained local researchers.

The positive or negative stance of respondents in regard to the participation on the
assessment is initially investigated on a country basis. We also describe the offered bids and two
central tendency indicators for displaying the sample distribution. The presence of protest bids is
further investigated. Protest bids represent the responses which generally do not reflect the true
preferences because of various reasons. They are identified through the refusal of respondent to
participate in the elicitation process or the stating of zero or an unrealistically high value
(Bateman et al, 2002). The high presence of protest bids in an assessment process should
question the success of the undertaking. The identification of protest bids in our analysis is
conducted through a follow-up question where the negation options below are offered:

Options Technique Inference
Opposed to such economic approaches
No trust to the payment authority Protest bid

Not me to pay for these services
Not enough money to pay

WTP
Zero bid

Table 1 - Protest and Zero WTP/WTA (?) bid options
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Finally, we try to understand farmers’ responses in juxtaposition with significant wealth
related indicators and socio-demographic features. Namely, the revenues, the agricultural water
consumption (in hours per year), the land possession (acres) are the wealth related indicators to
be introduced as continuous variable due to the nature of the data. Similarly, education, age and
household-size comprise the socio-demographic factors which are included as dummy
categorical variables. We adopt the Multinomial Logistic Regression (MLR) model for the
analysis of WTP stance as a dependent variable while the wealth and socio-demographic
indicators act like predictors.

As Garson notes (2010) “Logistic regression applies maximum likelihood estimation after
transforming the dependent into a logit variable (the natural log of the odds of the dependent
occurring or not). In this way, logistic regression estimates the odds of a certain event
occurring.” The selection of MRL modelling for our analysis was based on a set of factors.
Initially, the non linearity of revenues in regard to respondents’ stance is highly acknowledged in
the literature (Bateman, 2002). The MLR helps to that aim, since it does not assume a linear
relationship between the dependent (WTP stance) and the independent (revenues) variables.
Second, other independent variable as the water amount and land size are not normally
distributed due to high variance among many extremely poor and few rather wealthy farmers.
The MLR model overcomes this constraint by allowing the dependent variable (WTP) to get
shaped within the range of the exponential family of distributions, such as normal, Poisson,
binomial, and gamma. In general, MRL model performs less stringent requirements than other
regression analyses by still offering the reliability of the results.

For implementation of our methodological framework, representative clusters along the
IGB area were selected. The clusters selected from India, were situated in the state of Bihar,
along the eastern regions of Ganges basin. Bihar is enriched with fertile alluvial plains and
abundant water resources. However, the region is confronted with low agricultural productivity,
extreme poverty and regional disparities (World Bank, 2005). With 43% of the population below
the poverty line Bihar presents some of the lowest income rates in South Asia. For the needs of
survey, 7 disadvantaged villages from 4 districts were chosen.

In the case of Pakistan, the examined area is divided through Upper Rechna, Middle
Rechna and lower Rechna catchment area (Indus basin). The four districts in Rechna sub basin,
named as Hafizabad, Sheikhupura, Faisalabad and Toba Tek Singh were chosen. Two sample
villages were adopted on the basis of a best geographical dispersion in each district. The farmers
were grouped according to their land holding property in eight classes. The numbers of farmers
selected in each class were determined proportionally.

In the case of Nepal, the area of Biratnagar was chosen due to its location in the wider
basin of Ganges river. Biratnagar is positioned in Koshi sub-basin on the southern lowland belt
of Nepal, near the south-eastern border with India (Ganges basin). Four disadvantaged villages
in two districts of Morang and Munsari were taken as case studies. Emphasis was given on the
difficulties faced in drought conditions and the entire almost absence of groundwater pumping
and canal irrigation systems.

Overall, 937 farmers were surveyed from 10 Districts and 23 clusters as below:

Country Questionnaires Districts Clusters
India 490 4 7

Pakistan 360 4 12
Nepal 128 2 4

Table 2 - Allocation of research instruments in the three countries
The sampling within villages was stratified according to the landholding size of the

farmers in proportional reflection to the total landholding distribution. All the interviews were
conducted on-site through qualified local researchers.
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Economic assessment of institutional and environmental related parameters
The initial condescendence of farmers to contribute in the preservation of environmental

services is explored. Indian and moreover Nepalese farmers seem rather willing to concede
towards the financial contribution of environmental services. However, in the case of Pakistan
farmers, almost 2/3 of the sample is reluctant to offer any payment.
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75%

100%

India Nepal Pakistan

No
Yes

Figure 2 - Farmers’ stance on their participation to WTP query

Interesting though is the fact that the remaining Pakistani respondents seem willing to
offer a threefold to fourfold higher amount in regard to Indian farmers. Nepalese farmers appear
to be balanced amongst the Indian and Pakistani respondents. Observations on the central
tendency indicators (mean and median) display an almost normally distributed sample. The
absence of high deviance enhances the reliability of results.

Parameters WTP for Environmental Services
Countries India Nepal Pakistan

Valid 312 50 48
Missing 177 77 270

Mean 6.32 15.97 28.69
Median 5.18 16.38 30.22

Std. Deviation 1.83 1.46 2.27

Table 3 - WTP for Environmental related services in IGB area

In turn, we unravel the negation reasoning through a set of predefined replies for the
identification of protest and genuinely zero bids as presented in Figure 2. The inappropriateness
of the respondents to pay for these services is ranked as a first reason for both Nepalese and
Indian respondents. In the case of Pakistan, the payment affordability comprises the major
reason of a negative stance while the inappropriateness option is quite low. However, the
minimum importance given to protest bids clarifies farmers’ approval towards the economic
assessment approach.

The analysis of wealth and socio-demographic indicators with Multinomial Logistic
Regression (MLR) initially presents that the proposed model is suitable at a statistically
significant level (Table 3). The Akaike Information Criterion (AIC) presented in the table below,
is a common information theory statistic used when comparing alternative models.
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Figure 2 - Reasoning of the negation in WTP inference

The lower value presents a better fit. In a similar manner, the Bayesian Information
Criterion (BIC) is a common information theory statistic used when comparing alternative
models (Garson, 2010). Again, the lower value implies a better fit of the model.

Model Fitting Information
Model Fitting Criteria Likelihood Ratio TestsModel

AIC BIC -2 Log Likelihood Chi-Square df Sig.
Intercept only 798.135 802.491 796.135

Final 594.870 677.636 556.870 239.265 18 .000

Table 4 - Appropriateness of Model fitting

For further clarification about the fitness of the model, the "Goodness of Fit" indication is
presented through Pearson’s and deviance indicators. Both are chi-square methods, but the
Pearson statistic is based on traditional chi-square and the deviance statistic is based on
likelihood ratio chi-square. The non significance of the tests denotes the close relation between
the observed and the predicted values which appears to hold in our case.

Goodness-of-Fit

Chi-Square df Sig. Chi-
Square df Sig.Pearson

455.981 552 .999
Deviance

555.248 552 .453

Table 5 - Goodness of Fit of the model

Finally, the strength of our model association is measured through a set of pseudo-R2

measures. A satisfactorily association is presented in all three indicators are below:

Pseudo R-Square
Cox and Snell .340 Nagelkerke .453 McFadden .300

Table 6 - Strength of association

The classification of the socio-demographic elements in dummy variables as noted in the
methodological section, is conducted as below:
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Classification Age (year) Household Size
(Number) Education

1 >25 >4 Post Graduate
2 25-34 4-6 Graduate
3 35-44 7-10 Secondary School
4 45-54 11-14 Primary School
5 55+ 15+ Madrasah (only for Pakistan)
6 -------- --------- Not Schooled

Table 7 - Socio-demographic dummy variables
As presented in the following table, agricultural revenues appear to be a statistically

significant variable but with an indifferent reaction to both the positive and negative responses.
The insignificance of water use is also initially noted. However, when the distinction between
surface and groundwater use is anaysed, it appears that it is the use of groundwater that acts
insignificantly. Contrary to this, surface water use seem to be a positive predictor for the
willingness of farmers to contribute in the preservation of environmental services. Land holding
size constitutes a highly insignificant factors for both negative and positive stances. Looking
through the education variables it appears that none of the categories comprise a significant
factor except for the secondary school graduates. They seem to support the rejection of the
economic assessment although the statistical level is not quite strong. The age factor is highly
insignificant in all categories for both the supporters and opponents of the assessment. The
surprising results derive from the household size element. The families composed by up to 10
people react positively in a highly significant level for both negative and positive responses.
However, in the case of positive response, the significance is absolute while the family size of up
to 4 people is a multiplier factor for the affirmative stance.

Conclusion
The current research attempted to capture farmers’ preference towards the preservation of

environmental services related to water use in IGB area while explanatory variables were
introduced. From a methodological perspective, it is acknowledged that the reliability tests
undertaken in our study for the validity of the assessment could be further explored. There is an
abundance of validity tests based on statistical and econometric assumptions which could further
justify the protest and zero bid options offered in our research (Carson et al, 1996; Brouwer et al,
1997; Bateman and Willis, 1999). However, the further exploration of the negation reasoning
would demand a much more extensive analysis which was beyond the scope of this paper.

The introduction also of the Multinomial Logistic Regression (MLR) for the potential
significance attributed to income and socio-demographic indicator could be better employed
through sample splitting on a country basis. The sample splitting though could possibly endanger
the reliability of the results due to the demand of large sample size required for MLR analysis
(Garson, 2010).

Looking through the case study constraints, it should be noted that the absence of similar
studies in IGB area inhibited a comparative analysis of our assessment. Related researchers are
often country specific with particular focus on water and poverty issues (Sampath and Akhler,
1988; Sanjay, 2002; Shah, 2006; Singh, 2007; Kakumanu and Bauer, 2008). However, this also
consists of a comparative advantage for our study which seem to cover a significant gap towards
the valuation of environmental services in IGB area.

The valuation of environmental services related to water use becomes an increasingly
indispensable factor for efficient agricultural water use. The assessment of environmental
services gets more essential in agrarian economies where the water use dependence is highly
apparent. To this aim, our study managed to elicit farmers’ preferences from representative
clusters in IGB area by contemplating the validity of the assessment approach. Also, a set of
explanatory variables helped to the better understanding of farmers’ stance.
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The study results revealed a moderate opposition of farmers to economically contribute in
the preservation of environmental services which however derived from their unfamiliarity with
such approaches. The remaining farmers presented a highly agreeable stance which could be
perceived as a highly encouraging message for the inclusion of environmental services in
irrigation policy. Also, it is pictured that vital wealth and socio-economic indicators may
significantly affect farmers’ attitude towards their economic contribution to environmental
services. To this effect, it is conceived an integrated reorientation irrigation policy towards the
preservation of environmental services should highly contemplated the socioeconomic features
of the examined areas.

WTP (Reference category is ‘’No”) WTP (Reference category is ‘’Yes”)
Variables B St.Er df Sig. Exp(B) B St.Er df Sig. Exp(B)
Intercept 3.218 1.141 1 .005 -3.218 1.141 1 .005
Revenues .000 .000 1 .018 1.000 .000 .000 1 .018 1.000
WaterHrs -.008 .004 1 .069 .992 .008 .004 1 .069 1.008
WaterSrf -.010 .005 1 .021 .990 .010 .005 1 .021 1.011

WaterGrnd 0b . 0 . . 0b . 0 . .
TotalLand .000 .028 1 .981 .999 .001 .028 1 .981 1.001
[Educ=.0] 20.107 .000 1 . 5.401E8 -20.107 .000 1 . 1.852E-9
[Educ=1.0] .829 1.663 1 .618 2.291 -.829 1.663 1 .618 .437
[Educ=2.0] 1.933 1.021 1 .058 6.908 -1.933 1.021 1 .058 .145
[Educ=3.0] 1.952 .912 1 .032 7.046 -1.952 .912 1 .032 .142
[Educ=4.0] 1.632 .915 1 .074 5.116 -1.632 .915 1 .074 .195
[Educ=5.0] 1.669 .916 1 .069 5.304 -1.669 .916 1 .069 .189
[Educ=6.0] 0b . 0 . . 0b . 0 . .

[Age=1] .091 .982 1 .926 1.096 -.091 .982 1 .926 .913
[Age=2] .247 .387 1 .524 1.280 -.247 .387 1 .524 .781
[Age=3] -.153 .292 1 .600 .858 .153 .292 1 .600 1.166
[Age=4] -.011 .261 1 .967 .989 .011 .261 1 .967 1.011
[Age=5] 0b . 0 . . 0b . 0 . .
[Hsd=1] -4.390 .880 1 .000 .012 4.390 .880 1 .000 80.609
[Hsd=2] -3.777 .754 1 .000 .023 3.777 .754 1 .000 43.698
[Hsd=3] -3.672 .740 1 .000 .025 3.672 .740 1 .000 39.330
[Hsd=4] -.801 .889 1 .368 .449 .801 .889 1 .368 2.227
[Hsd=5] 0b . 0 . . 0b . 0 . .

b. This parameter is set to zero because it is redundant.

Table 7 - Multinomial Logistic Regression (MLR) analysis
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Hydrochemical have been elected attendance of the 1950-2008 observations 25-40 with
39 points reaching the purpose of to learn changing of the regime and ion flow in the years
during. Concentration of the ions of Cl-, Na++K+, SO4

2+ suffers to more big change in rivers
undergone to anthropogenic influence during years. Concentration of the majority of the basic
ions especially stream in rivers of the Big Caucasus in the time of to rise, it are not enough from
time of to go down. Maximum concentration of the ions summer and autumn, winter is observed
in the time of water lack. HCO3

2-, Ca2+, Mg2+ ion press stubborn proportionality and there are
with ions in the majority of the rivers between water expenditure.
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In given article primary results of scientific researches on application of a subirrigation
with a view of perfection of ways of an irrigation of a cotton and grain crops and rational use of
water resources are resulted. Researches were spent in 2009 on fields of farms of "Tozhi Islom" of
the Shavat district fog Khorezm, "Sajidahmad Nabirasi Anvar" of the Karshi district fog
Kashkadarya regions. In conditions loame soils with level of ground waters of 1-2 m. and a
mineralization 1-3  on skilled and control sites was planted cotton, the best conditions of growth
and development were observed at preirrigation humidity of 70-80-60 % from PPV. On the 2-
variant irrigating norm has made 2101,83 m3/hectares on comparing with 7979,83 m3/hectare on
control that makes 201,0 m3/ts waters for reception 1 c. A crop also shows expediency of
application of a subirrigation for these conditions.
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In This article an analysis of the ameliorative status of irrigated land, to improve
essiciency of water and land resources in the South Kazakhstan region. Was made for the last
one half ten years.

, 
-

.
 15 

, , 

.

, 
. 

 ( . 1).



65

 1 - 
 [1]

,
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) 228,3 228,3 100,0

138,8 138,8 100,0
144,0 77,1 53,5

 ( ) 168,0 64,5 38,4
 ( ) 13,5 13,5 100,0

692,6 522,2 75,4

, 
, , 

 97,5 % , 
.

, , ), 
, .

.
, , 

40  « -
» , 

15  7,7 % -, - 
,  89,4 .  17,6 % 

 ( . 2).
 (18,6 %) 

. 
 (46,6 . ), 

 (  12,2 %) 
 2009 

.

.  (  2,8 ) 
 3 ) ,  2009

 84,4 %  117,2 . 
.  (
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 2 – 
 [2]

-

- -

,
. 

.

-
. . 3 >3 3 

> 3

-

-

,
. 

-

-
-

-
.

.

-
,
3

-

-
,

3

-

,
3

1 2 3  4 5 6 7 8 9 10 11 12 13 14 15 16 17
1996 222,2 209,8 12,4 31,4 190,8 202,1 20,1 204,0 18,2 3,8 14,4 1175,9 4839 605
2000 219,8 206,6 13,2 18,3 201,5 207,4 12,4 171,8 48,0 12,0 36,0 923,6 3779 604
2003 220,5 204,4 16,1 46,7 173,8 203,5 17,0 197,4 23,1 17,2 5,9 1208,6 4531 5441

-
-

) 2009 228,5 209,1 19,2 39,7 188,6 214,9 13,4 173,3 55,0 13,8 41,2 864,4 3735 363
1996 126,4 99,2 27,2 41,8 84,6 60,6 65,8 126,4 0,0 0,0 0,0 685,7 4068 2400
2000 125,3 89,2 36,1 61,9 63,4 46,5 78,8 125,0 0,3 0,0 0,3 564,1 3726 1661
2003 136,8 99,3 37,5 109,9 26,9 46,1 90,7 136,8 0,0 0,0 0,0 821,7 5373 24892 -

2009 138,8 92,2 46,6 117,2 21,6 35,0 103,8 138,8 0,0 0,0 0,0 778,9 5057 1696
1996 70,8 62,3 8,5 44,6 26,2 69,0 1,8 52,3 18,5 0,7 17,8 1221,0 20236 8435
2000 74,8 60,2 14,6 36,7 38,1 74,2 0,6 50,1 24,7 8,0 16,7 510,2 10936 1267
2003 73,8 58,5 15,3 51,4 22,4 68,7 5,1 59,9 13,9 9,0 4,9 839,7 14016 17823 -

2009 77,1 53,5 23,6 59,6 17,5 59,5 17,6 47,0 30,1 5,3 24,8 840,8 13521 3461
1996 63,3 63,3 0,0 0,5 62,8 53,8 9,5 57,4 5,9 0,0 5,9 571,6 7249 434
2000 67,0 67,0 0,0 0,4 66,6 62,7 4,3 52,5 14,5 0,0 14,5 215,2 2823 94
2003 67,0 67,0 0,0 6,8 60,2 61,1 5,9 57,3 9,7 0,0 9,7 515,2 5841 7264

-
-

) 2009 64,5 64,5 0,0 5,6 58,9 52,9 11,6 49,3 15,2 0,0 15,2 452,7 7905 1208
1996 482,7 434,6 48,1 118,3 364,4 385,5 97,2 440,1 42,6 4,5 38,1 3654,1 6761 2201
2000 486,9 423,0 63,9 117,3 369,6 390,8 96,1 399,4 87,5 20,0 67,5 2213,1 4535 908
2003 498,1 429,2 68,9 214,8 283,3 379,4 118,7 451,4 46,7 26,2 20,5 3385,1 5861 1286
2009 508,7 419,3 89,4 222,1 286,6 362,3 146,4 408,4 100,3 19,1 81,2 2936,8 5814 1303
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 3 – , .  [8]

- -

- -
-

-

.

-

-
-

-

-

0,05)

-
-
-

-

-

-

-

2 3  4 5 6 7 8 9 10 11 12 13 14 15 16
1996 222,2 130,9 58,0 33,3 4,4 10,2 1,5 17,2 0,0 62,8 5,8 10,2 46,7
2000 219,8 105,0 83,6 31,2 4,4 12,1 0,5 14,2 0,0 73,6 5,0 12,1 56,6
2003 220,5 102,4 83,2 34,9 8,1 10,6 2,1 14,1 0,0 77,9 9,5 11,3 57,1

-

) 2009 228,5 109,9 74,0 44,4 15,1 10,4 3,8 13,4 1,7 86,2 20,5 10,4 55,3
1996 126,4 16,7 56,2 53,5 26,3 22,5 4,7 0,0 0,0 53,5 31,0 25,5 0,0
2000 125,3 36,0 36,9 52,4 16,3 30,2 5,9 0,0 0,0 52,4 22,2 30,2 0,0
2003 136,8 20,8 16,7 99,3 62,6 16,7 20,0 0,0 0,0 99,3 82,6 16,8 0,0

-

2009 138,8 6,5 33,9 98,4 51,8 17,4 29,2 0,0 0,0 98,4 81,0 17,4 0,0
1996 70,8 25,8 30,5 14,5 5,5 8,3 0,7 0,0 0,0 14,5 9,0 5,4 0,0
2000 74,8 12,4 44,1 18,3 6,7 10,7 0,9 0,0 0,0 18,3 7,6 10,7 0,0
2003 73,8 8,2 41,5 24,1 9,7 11,1 3,3 0,0 0,0 24,1 13,0 11,1 0,0
2009 77,1 8,6 21,5 47,0 20,4 16,2 10,4 0,0 0,0 47,0 30,8 16,2 0,0
1996 63,3 14,6 33,7 15,0 0,0 0,0 0,0 15,0 0,0 48,7 0,0 0,0 48,7
2000 67,0 13,2 38,0 15,8 0,0 0,0 0,0 15,8 0,0 53,8 0,0 0,0 53,8
2003 67,0 16,6 34,0 16,4 0,0 0,0 0,0 16,4 0,0 50,4 0,0 0,0 50,4

-
-

) 2009 64,5 14,6 33,2 16,7 0,5 0,0 0,0 16,2 0,0 49,9 0,4 0,0 49,5
1996 482,7 188,0 178,4 116,3 36,2 41,0 6,9 32,2 0,0 179,5 45,8 41,1 95,4
2000 486,9 166,6 202,6 117,7 27,4 53,0 7,3 30,0 0,0 198,1 34,8 52,9 110,4
2003 498,1 148,0 175,4 174,7 80,4 38,4 25,4 30,5 0,0 251,7 105,1 39,2 107,5
2009 508,7 139,6 162,6 206,5 87,8 44,0 43,4 29,6 1,7 281,5 132,7 44,0 104,8
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2. . , . - .:
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5. . , 

: . ... . . . - ., 1992. –
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 681.1

 MEMS-
. , . , . , . 

The abstract provides a brief introduction of application of microelectromechanical
system technology MEMS in development process of the sensors for irrigation systems. Some
advantages and suggestions for possible application are listed.

 - 
. 

 – .

:

, 
. 

, 
, 

. 
, 

,
, , 

.

, –
, 

.

,
, 

, .

, 
 (MEMS – Micro–Electromechanical System) 

. 
.

:
, –

, 
, 

, 
, .
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 173 . ).
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;
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- .
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MEMS (Micro–Electromechanical System) - ,
, 

.
 (MEMS) 

, 
. 

, , 
. 

 [Ernest O.Dobelin,
2004].

, 
 ( ), :

, , , , , .
, 

. , 
.

 MEMS-
. 

, 
- ) 

. 

.
,  MEMS-

, 
 SoC (Systems-on-a-Chip).  MEMS-

, 
 « » , 

 [ . . 2006].
 MEMS- , 

. 
, , 

),  (
),  ( , , ),

, , 
 ( ) . .

, , 
 MEMS

. .

:

1. Ernest O. Dobelin. Measurement Systems: Application and design. McGraw - Hill.
Higher Education. - New York, 2004 – pp.1078

2. .. . – .: , 2006. – 586 .
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 681.5:626.8

 ( ) 

)
. 

. . 

, , 
. ,

, .

. 
:  1990 ,

 90-  - . 
 50 

.  3,7 % . 
, 

. , 
.

,
, , 

, 
,  ( ) 

, 
, , 

» .
 Internet 

, 
, . , , SMTP,

, 
. SMTP , 

. 
, 

. , 
. POP IMAP, 

.
POP3

, 
. , 

. , POP3
.

IMAP , 
. , , , , 

POP3, 
.  (

). , 
.
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.
:

SMTP (Simple Mail Transfer Protocol) - , 
 TCP/IP, 

.
POP, POP2, POP3 (Post Office Protocol) - 

, p
 mail- , 
. POP SMTP, ,

. ,
.

IMAP , 

.
IMAP2 - .
IMAP2bis - p IMAP2,  p MIME

(Multipurpose Internet Mail Extensions) , .
IMAP4 -  p IMAP2bis, 

.
ACAP (Application Configuration Access Protocol) - , p

IMAP4;
, .

DMSP ( PCMAIL) - , 
, 

. , ,
, 

.

 ( ) 
 ( ) .

 ( . 1)  SMTP 
, 

. 
 « ail », 

.

. 1 - .

ail 

POP 

SMTP 
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, . .

,  «EXPORT» ( . 2). 
, 

. 
.

. 2 -  «EXPORT» 

TCP-  25 . 
, SMTP (Simple Mail Transfer

Protocol - ). 
. 

, ,
. 

SMTP  ( . 3). MTA (Mail
Transfer Agent) -  - 

 Internet, 
, . 

MTA, MUA (Mail User Agent) - , 
MUA,  Outlook  TheBat. SMTP

 ASCII .  25 
, , 

. , 
 ( ) . 

, .
, , 

. , 
. . 

. , 
. , .

.

. 3 - 

 SMTP

HELO {SP} {string}{CRLF}  SMTP- , 
 {SP} 

QUIT{CRLF}  SMTP- .

.
.

Export

.
.

ail
SMTP
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MAIL {SP} FROM:{reverse-path}
{CRLF} .

RCPT {SP} TO:{forward-path} {CRLF} .

DATA {CRLF} . 
 {CRLF}.

VRFY {SP} {string}{CRLF} .
EXPN {SP} {string}{CRLF} .
NOOP{CRLF}

TURN{CRLF} 200 OK
RSET{CRLF}
HELP{CRLF}

, 
VRFY EXPN, .

SMTP -
ESMTP. , 

EHLO HELO. , 
SMTP

. EHLO , ESMTP
.

a POP  ( . 4).
POP3 (Post Office Protocol Version 3) - ,  3 -

, 
. SMTP.

 (POP, POP2) . 
IMAP. 

TCP  110.  POP3- , TLS
SSL.

TLS ( . Transport Layer Security) — ,
,

Netscape SSL  3.0  — TLS Record
Protocol TLS Handshake Protocol. SSL 3.0 TLS 1.0 .

. TLS Working Group
 1996 .

SSL, , 
. 

, . 

 (PKI), 
, .

SSL :
• , 
•

.
• , 
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. 
:

: RSA ), Diffie-Hellman ( ),
DSA ( )  Fortezza.

: RC2, RC4, IDEA, DES, Triple DES AES;
: MD5 SHA.

, 
. 

. SSL Netscape Communications,  
IETF . 

.

. 
.

SSL . 
 ( , TCP) 

 ( ) . 
, 

, 
, 

.
, SSL,  URL

 (schema) http, , https (  443), 
, SSL .  /

, -
, SSL .

SSL , SSL . 
 ( ) — , 

.
:

. 
,  « », « », «

» . .
. 

 ( ) , , 
.

. 
, , , 

.

:
•  - ;
•  - ,

.
•  - .

, 3 
, 

.
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. 
, 

.

. 4 - 

 «Import» 
, ,  (  5). 

, , 
.

. 5 - 

, 
 ( . 6) 

. 
.

. 6 - 

, 
. , , 

. , 

.

:

1. [CRAM-MD5] Klensin, J., Catoe, R. and P. Krumviede, «IMAP/POP AUTHorize
Extension for Simple Challenge/Response», RFC 2195, September 1997. 

.
2. [RFC821] Postel, J., «Simple Mail Transfer Protocol», STD 10, RFC 821, August

1982. .
3. [RFC822] Crocker, D., «Standard for the Format of ARPA Internet Text Messages»,

STD 11, RFC 822, August 1982. .

ail
POP

Import

SMTP Importail POPExport
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4.  SMTP-  [Billy Belcebu/IKX,
. Aquila]

5.  Beej , 
 "Beej" , . varnie]

6. INFECTED VOICE #15 -  ... .  SMTP-
Assembler

7. [RFC 2554] John Gardiner Myers , «  SMTP 
». STD 11, RFC 2554, Mart 1999.
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S - ; u - 

;  – ;  – 
 (  =1); B- ;  – 

;  – ; – 
; t – ; i- .

.

u(s, 0) = u (s), 0 < s S , (3)
( s, 0) = φ (s),
h(s, 0) = h(s).

.
Q(s0, t) > 0 :

s = 0 - 

(s0, t) = const,
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u(s0, t) = u (t);

s = S  (t) - 

00 =
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uf β
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 1 - 

, , , , ,
3

,
3

1 2 3 4 5 6 7 8 9
2 0,005 0,2 100 0,75 5,3 700 1200 0,58
6 0,005 0,2 150 1,0 6,4 700 1280 0,55
9 0,005 0,2 200 1,2 7,3 700 1320 0,53

11 0,005 0,1 100 0,6 8,9 800 1600 0,50
13 0,005 0,1 150 0,6 12,0 800 1700 0,47
16 0,005 0,1 200 0,75 15,8 800 1780 0,45
20 0,005 0,05 100 0,2 12,4 900 2140 0,42
22 0,005 0,05 200 0,2 74,0 900 2220 0,40
26 0,005 0,05 300 0,3 75,0 900 2250 0,40
28 0,02 0,2 75 0,5 7,8 700 1550 0,45
31 0,02 0,2 100 0,7 6,7 700 1410 0,50
34 0,02 0,2 150 0,9 7,9 700 1420 0,50
39 0,02 0,1 75 0,25 15,5 800 1550 0,52
42 0,02 0,1 100 0,3 17,2 800 1550 0,52
45 0,02 0,1 150 0,4 20,4 800 1630 0,49
48 0,02 0,05 75 0,15 46,7 900 2100 0,43
50 0,02 0,05 100 0,15 71,0 900 2130 0,42
52 0,02 0,05 150 0,15 97,3 900 2190 0,41
64 0,05 0,1 75 0,3 12,3 800 1470 0,54
68 0,05 0,1 100 0,3 17,0 800 1530 0,52
71 0,05 0,1 150 0,3 26,7 800 1600 0,50
74 0,05 0,05 75 0,08 63,4 900 2030 0,44
78 0,05 0,05 100 0,15 46,4 900 2090 0,43
81 0,05 0,05 150 0,15 70,3 900 2110 0,43

, . 1 
, 

: 2, 11, 20, 28, 42, 48, 64, 74. 

, . 1.

1, 4 -  0,005; 2, 5 -  0,02; 3, 6 -  0,05
. 1 -  (1-3) 

(4-6) 

4

5

6

1

2

3

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

0,05 0,1 0,12 0,13 0,14

, 

, 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7
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 - 
, ; 

 - , 
.

, 

, .
, 

 (k ), 
k  = 0,6; 0,7; 0,8; 0,9. . 2.

 2 -  (m ) 
 (kp)

kp = 0,6 kp = 0,7 Kp = 0,8 kp = 0,9
m ,

3
m ,

3
m ,

3
m ,

3

1 2 3 4 5 6 7 8 9
2 800 0,88 900 0,78 1030 0,68 1200 0,58
6 850 0,82 960 0,73 1100 0,64 1280 0,55
9 880 0,80 990 0,71 1135 0,62 1320 0,53

11 1070 0,75 1200 0,67 1376 0,58 1600 0,50
13 1110 0,72 1275 0,63 1460 0,55 1700 0,47
16 1160 0,69 1335 0,60 1530 0,52 1780 0,45
20 1395 0,65 1605 0,56 1840 0,49 2140 0,42
22 1450 0,62 1665 0,54 1910 0,47 2220 0,40
26 1470 0,61 1690 0,53 1940 0,46 2250 0,40
28 1010 0,69 1160 0,60 1330 0,53 1550 0,45
31 920 0,76 1060 0,66 1210 0,58 1410 0,50
34 930 0,75 1070 0,65 1220 0,57 1420 0,50
39 1010 0,79 1160 0,69 1330 0,60 1550 0,52
42 1010 0,79 1160 0,69 1330 0,60 1550 0,52
45 1060 0,75 1220 0,66 1400 0,57 1630 0,49
48 1370 0,66 1570 0,57 1810 0,50 2100 0,43
50 1390 0,65 1600 0,56 1830 0,49 2130 0,42
52 1430 0,63 1640 0,55 1880 0,48 2190 0,41
64 960 0,83 1100 0,73 1260 0,63 1470 0,54
68 1000 0,80 1150 0,70 1320 0,61 1530 0,52
71 1040 0,77 1200 0,67 1380 0,58 1600 0,50
74 1320 0,68 1520 0,59 1750 0,51 2030 0,44
78 1360 0,66 1570 0,57 1800 0,50 2090 0,43
81 1380 0,65 1580 0,57 1810 0,50 2110 0,43

, k , . , ,
, , 

,  1, 
. 

.

 - , 

[ ] 5.0

max
)1(1 pk−−= , (6)
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 - , ; max -
, ; kp - 

.
, kp 0,6; 0,7; 0,8; 0,9 

 0,77; 0,83; 0,89; 0,95, 
 23, 17, 11  5 %.

. 
. , . 3 

 42.  1 
 1750 ,  1 3  125 .

 3 - 

 (kp)
,

, 
,

3 , 
0,6 6,9 1207,5 5050 631,25
0,7 5,1 893,5 5800 743,75
0,8 3,3 578,5 6650 856,25
0,9 1,5 262,5 7750 968,75

 ( )

5,30983150 +−= pk (7)

 ( ) 
kp

75,431125 −= pk , (8)

kp = 0,73.
kp = 0,75, 

, . 4.

 4 - 
kp = 0,75

,
3

,
, , ,

2 0,005 0,2 100 0,75 4,3 700 960 0,73
11 0,005 0,1 100 0,60 7,2 800 1290 0,62
20 0,005 0,05 100 0,20 28,6 900 1720 0,52
28 0,02 0,2 75 0,50 6,2 700 1240 0,56
42 0,02 0,1 100 0,30 13,8 800 1240 0,64
50 0,02 0,05 150 0,15 38,5 900 1710 0,53
64 0,05 0,1 75 0,30 9,8 800 1180 0,68
74 0,05 0,05 75 0,08 50,6 900 1630 0,55
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: 
 (

).
, 

, , ,
 0,52 - 0,73. , , 

, , , 
 10-15 . 

 15-20 % 
.

, , -
,

, . , 
 0,005: 100  175-400  [5].

:

1. . 
. - .: , 2007. – 126 .

2. . : , 
. - .: , 2008. – 610 .

3. . 
. – : , 1999. – 176 .
4. . 

. - .: , 2005. – 417 .
5. . . - .: , 1978. – 176 .

 631.416:54-38

. , . , . , . 

, . 
, , 

.  ( )
 38 .

, 
 ( . ). , 

, .

,  70-80-60 % 
 0-60 .
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-38.
 – ,

,
.

.

 1  2 .

 1 - 

1 21 IP 19586
2 22 IP 19612
3 Atriple  nummularia 23 IP 22269
4 Atriple  ammicola 24 Douro Cenopool
5 Atriple  undulata 25 Erai Poo

6 Speed Feed 26 Querinian-4

7 Sugar Graze 27 HHVDBC Tall
8 Super Dan 28 ICMS 7704
9 Pionner 858 29 ICMV 155 Brist

10  ( ) 30 ICMV 155 e.e.1.

11 Nurrifeed 31 ICMV 155 Original
12 IP 3616 32 SRBC
13 IP 6101 33 Sudan Pop III
14 IP 6104 34 NC 97 Cr
15 IP 6105 35 Wrai Pop
16 IP 6106 36 Sudan Pop I
17 IP 6107 37  ( )
18 IP 6109 38  ( )
19 IP 6110 39 
20 IP 6112 40 

 2 - 
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
10 9 8 7 6 5 4 3 2 1 40 39 38 37 36
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
20 19 18 17 16 15 14 13 12 11 10 9 8 7 6
31 32 33 34 35 36 37 38 39 40 1 2 3 4 5
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

 38  2 ,
.  40 

.  3,6×5 ,  18 2.

.  18 . 
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,  0-15 
, 

.  41,7 %,  –
16,6 % .  0-90 

: 1-  (27,3 % ); 2-
 (19,9 %); 3-  (28,9 %); 4-  (33,6 %); 5- 

 (24,8 %); 6-  (25,2 %).
, , 

, , , 
. 

2  2,64-13,55 %, 
: 

 0-15, 15-30  – 4,11-7,05 %;  –  60-90 
 –  25,65 %. 

, . ,
 2-10 % ,  58,3 %,  (10-20 % ) – 25 %,

 (20-40 % ) - 16,7 %.
. 

. 3 , 
.

 0-
90 :  1,37  1,39 3

 1,35  1,38 3.
 3 - , 3

, 2009

, -I -I -II -II -III -III
I 1,26 1,22 1,21 1,21 1,22 1,22
II 1,19 1,24 1,24 1,2 1,21 1,2
III

0-15
1,18 1,2 1,19 1,18 1,2 1,2

I 1,31 1,3 1,31 1,28 1,29 1,28
II 1,3 1,31 1,31 1,27 1,3 1,28
III

15-30
1,32 1,31 1,31 1,29 1,27 1,27

I 1,43 1,45 1,48 1,4 1,42 1,41
II 1,47 1,44 1,45 1,42 1,45 1,44
III

30-60
1,48 1,46 1,45 1,43 1,42 1,473

I 1,38 1,39 1,37 1,38 1,37 1,39
II 1,37 1,38 1,38 1,38 1,37 1,36
III

60-90
1,39 1,38 1,39 1,4 1,38 1,38

 0-90 1,37 1,37 1,37 1,35 1,35 1,35
, 2009

I 1,31 1,3 1,31 1,31 1,29 1,3
II 1,34 1,28 1,32 1,28 1,33 1,31
III

0-15
1,31 1,32 1,33 1,29 1,34 1,32

I 1,4 1,35 1,39 1,37 1,37 1,36
II 1,39 1,38 1,39 1,36 1,38 1,36
III

15-30
1,38 1,34 1,38 1,38 1,39 1,37

I 1,44 1,42 1,41 1,4 1,42 1,42
II 1,44 1,43 1,44 1,44 1,43 1,45
III

30-60
1,45 1,43 1,42 1,43 1,43 1,43

I 1,39 1,39 1,37 1,38 1,37 1,38
II 1,36 1,39 1,39 1,39 1,37 1,38
III

60-90
1,39 1,37 1,37 1,37 1,38 1,36

 0-90 1,39 1,38 1,39 1,38 1,38 1,38
: - 
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, , .  2009 . 
0-50  0,68  0,92 %,  -  22 
45 /100 ,  -  13,6  18,4 /100 , 
-  138  148 /100 .

. 4 .

 4 - 

, 3

1 28.05 480
2 6.06 300
3 30.07 670
4 14.08 410

.  1860 3/ . 1- , 2-  4-
 « », 3-  - 

.
, 

 ( >16 C/ , 1 =10 ).
. 6 , .

 1:5 

=0,089 +0,08, R2=0,74,

, .

. 
 175  (17,5 )  1,51 %. , 

 ( =1-2 %). 
,  14,5 

 1,37 % 
 (  0,14 . % 

9,3 . %). . 7 .
, , 

.
 8 .

, :
 12.06 – 13,3 . 

 6,7-8,4 .  « » 
 2,5-3,2 ,  – 6,2-6,0 .
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 5 -  0-75 , 
, )

40  III
171
136

39  III
176
138

38  III
172
131

37
III
175
133

36
III
170
147

35
III
173
150

34
III
173
155

33  III
175
154

32  III
175
152

31  III
176
149

30  III
176
154

29  III
176
147

28  III
176
152

27  III
176
147

26  III
175
147

11 III
164
148

12 III
171
148

13 III
173
143

14 III
175
141

15 III
174
144

16 III
174
152

17 III
173
143

18 III
175
150

19 III
176
147

20 III
176
143

21 III
175
144

22 III
 177
148

23 III
176
135

24 III
177
151

25 III
176
152

10
164
152

170
150

172
148

174
148

171
148

175
144

172
153

173
161

174
154

175
149

40 II
175
148

39 II
176
146

38 II
175
150

37 II
177
153

36 II
175
146

21 II
162
150

22 II
168
153

23 II
170
147

24 II
177
147

25 II
177
151

26 II
176
147

27 II
175
153

28 II
175
155

29 II
174
149

30 II
176
152

31 II
175
147

32 II
176
155

33 II
174
147

34 II
178
150

35 II
176
156

20 II
161
147

19 II
167
150

18 II
171
151

17 II
176
144

16 II
174
142

15 II
176
146

14 II
174
144

13 II
175
152

12 II
176
155

11 II
175
163

10 II
175
161

II
177
160

II
174
160

II
175
158

II
175
155

31 I
168
140

32 I
171
144

33 I
172
143

34 I
176
143

35 I
175
150

36 I
172
146

37 I
173
142

38 I
175
145

39 I
177
140

40 I
178
149

II
177
143

II
176
145

II
175
141

II
177
137

II
173
144

30 I
173
137

29 I
175
147

28 I
173
141

27 I
176
142

26 I
174
141

25 I
177
144

24 I
175
139

23 I
177
148

22 I
175
142

21 I
177
152

20 I
175
145

19 I
175
145

18 I
176
144

17 I
176
148

16 I
174
158

I
171
152

I
174
155

I
173
158

I
174
160

I
173
145

I
174
149

I
175
143

I
174
147

I
173
138

10 I
174
132

11 I
175
128

12 I
172
135

13 I
173
141

14 I
175
133

15 I
173
141
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 6 - , 10.10.09

1 SO4  Mg Na ,
% % % % % % % ,

%
,

%

0-10 0,030 0,042 0,545 0,107 0,065 0,05 0,004 0,84 0,862
 0,502 1,193 11,35 5,36 5,35 2,17 0,10

10-20 0,03 0,053 0,591 0,107 0,076 0,055 0,005 0,92 0,939
 0,492 1,509 12,30 5,36 6,25 2,39 0,12

20-30 0,027 0,054 0,612 0,145 0,06 0,055 0,005 0,96 0,983
 0,443 1,528 12,74 7,26 4,93 2,39 0,12

30-40 0,033 0,033 0,583 0,173 0,037 0,04 0,004 0,90 0,926
 0,541 0,956 12,14 8,63 3,04 1,74 0,10

40-50 0,028 0,036 0,673 0,193 0,048 0,04 0,004 1,02 1,051
 0,472 1,027 14,01 9,63 3,95 1,74 0,10

50-60 0,025 0,039 0,462 0,131 0,033 0,04 0,005 0,74 0,755
 0,423 1,125 9,62 6,54 2,71 1,74 0,12

60-70 0,026 0,038 0,352 0,068 0,046 0,035 0,005 0,57 0,581
 0,433 1,086 7,33 3,39 3,78 1,52 0,12

70-80 0,024 0,032 0,375 0,068 0,051 0,03 0,005 0,59 0,6
 0,393 0,928 7,81 3,39 4,19 1,30 0,12

80-90 0,024 0,030 0,41 0,066 0,06 0,03 0,005 0,62 0,642

/7

 0,393 0,849 8,54 3,29 4,93 1,30 0,12
90-100 0,024 0,028 0,45 0,107 0,045 0,03 0,005 0,69 0,702

 0,393 0,790 9,37 5,34 3,70 1,30 0,12
0-10 0,024 0,114 0,6 0,135 0,051 0,11 0,009 1,04 1,071

 0,393 3,218 12,49 6,74 4,19 4,78 0,23
10-.20 0,024 0,098 0,611 0,13 0,049 0,115 0,010 1,04 1,069

 0,403 2,772 12,72 6,49 4,03 5,00 0,24
20-30 0,0246 0,0896 0,771 0,171 0,051 0,135 0,008 1,25 1,277

 0,403 2,527 16,05 8,53 4,19 5,87 0,20
30-40 0,0252 0,1011 0,73 0,115 0,07 0,15 0,008 1,20 1,228

 0,413 2,851 15,20 5,74 5,76 6,52 0,19
40-50 0,022 0,087 0,861 0,169 0,067 0,15 0,007 1,36 1,391

 0,374 2,468 17,93 8,43 5,51 6,52 0,18
50-60 0,024 0,0917 0,932 0,182 0,076 0,15 0,007 1,46 1,499

 0,393 2,586 19,40 9,08 6,25 6,52 0,18
60-70 0,027 0,091 0,822 0,162 0,063 0,145 0,007 1,32 1,354

 0,443 2,586 17,11 8,08 5,18 6,30 0,17
70-80 0,023 0,085 0,745 0,106 0,083 0,135 0,007 1,18 1,201

 0,384 2,397 15,51 5,29 6,83 5,87 0,17
80-90 0,026 0,076 0,723 0,135 0,062 0,125 0,007 1,15 1,188

 0,433 2,152 15,05 6,74 5,10 5,43 0,18
90-100 0,022 0,077 0,7 0,129 0,061 0,125 0,007 1,12 1,149

.39

 0,364 2,191 14,57 6,44 5,02 5,43 0,17
0-10 0,024 0,045 0,632 0,159 0,033 0,09 0,006 0,99 1,018

 0,403 1,292 13,16 7,93 2,71 3,91 0,15
10-.20 0,021 0,071 0,834 0,206 0,05 0,11 0,007 1,30 1,336

 0,344 2,014 17,36 10,28 4,11 4,78 0,17
20-30 0,027 0,052 0,719 0,17 0,044 0,105 0,006 1,12 1,145

 0,443 1,481 14,97 8,48 3,62 4,57 0,14
30-40 0,020 0,061 0,734 0,177 0,047 0,1 0,005 1,15 1,169

 0,334 1,737 15,28 8,83 3,87 4,35 0,13
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40-50 0,022 0,052 0,756 0,191 0,039 0,1 0,005 1,17 1,199
 0,364 1,489 15,74 9,56 3,21 4,35 0,13

50-60 0,019 0,067 0,9 0,226 0,053 0,115 0,005 1,39 1,421
 0,315 1,915 18,74 11,28 4,36 5,00 0,12

60-70 0,024 0,087 0,779 0,215 0,032 0,125 0,005 1,27 1,296
 0,393 2,476 16,22 10,73 2,63 5,43 0,12

70-80 0,020 0,084 0,787 0,191 0,048 0,12 0,005 1,26 1,288
 0,334 2,377 16,39 9,53 3,95 5,22 0,13

80-90 0,020 0,080 0,5 0,168 0,053 0,11 0,005 0,94 0,961
 0,334 2,279 10,41 8,38 4,36 0,11 0,13

90-100 0,025 0,073 0,553 0,138 0,046 0,07 0,005 0,91 0,932
 0,413 2,081 11,51 6,89 3,78 3,04 0,13

0-10 0,021 0,031 0,55 0,146 0,026 0,07 0,007 0,85 0,872
 0,354 0,888 11,45 7,29 2,14 3,04 0,17

10-.20 0,021 0,061 0,541 0,126 0,042 0,075 0,007 0,87 0,899
 0,354 1,726 11,26 6,29 3,45 3,26 0,17

20-30 0,021 0,063 0,711 0,196 0,046 0,07 0,006 1,11 1,139
 0,354 1,777 14,80 9,78 3,78 3,04 0,14

30-40 0,204 0,059 0,621 0,237 0,035 0,07 0,005 1,23 1,261
 3,344 1,678 12,93 11,83 2,88 3,04 0,13

40-50 0,21 0,061 0,649 0,247 0,04 0,065 0,006 1,28 1,311
 3,442 1,746 13,51 12,33 3,29 2,83 0,14

50-60 0,018 0,052 0,812 0,254 0,034 0,07 0,006 1,25 1,281
 0,295 1,469 16,91 12,67 2,80 3,04 0,14

60-70 0,018 0,507 0,221 0,229 0,046 0,08 0,006 1,11 1,132
 0,305 14,29 4,60 11,43 3,78 3,48 0,15

-
/5

70-80 0,021 0,059 0,815 0,208 0,058 0,08 0,006 1,25 1,282
 0,344 1,686 16,97 10,38 4,77 3,48 0,15

80-90 0,019 0,059 0,594 0,128 0,05 0,08 0,006 0,94 0,963
 0,325 1,672 12,37 6,39 4,11 3,48 0,15

90-100 0,021 0,056 0,612 0,119 0,045 0,11 0,006 0,97 0,995
 0,354 1,599 12,74 5,94 3,70 4,78 0,15

W

0-10 0,017 0,088 0,615 0,14 0,033 0,12 0,009 1,03 1,054
 0,285 2,496 12,80 7,19 2,71 5,22 0,22

10-20 0,019 0,091 0,612 0,16 0,024 0,125 0,009 1,04 1,065
 0,325 2,566 12,74 7,78 1,97 5,43 0,23

20-30 0,019 0,104 0,8 0,20 0,051 0,115 0,009 1,30 1,335
 0,325 2,950 16,66 10,13 4,19 5,00 0,23

30-40 0,021 0,078 0,751 0,184 0,053 0,095 0,008 1,19 1,217
 0,344 2,200 15,64 9,18 4,36 4,13 0,19

40-50 0,019 0,075 0,8 0,197 0,052 0,11 0,007 1,26 1,296
 0,325 2,140 16,66 9,83 4,28 4,78 0,18

50-60 0,018 0,097 0,972 0,228 0,074 0,125 0,008 1,52 1,558
 0,305 2,752 20,24 11,38 6,09 5,43 0,19

60-70 0,019 0,12 0,837 0,226 0,048 0,12 0,008 1,38 1,411
 0,315 3,384 17,43 11,28 3,95 5,22 0,20

70-80 0,019 0,073 0,854 0,23 0,045 0,105 0,007 1,33 1,368
 0,315 2,073 17,78 11,48 3,70 4,57 0,18

80-90 0,016 0,086 0,8 0,224 0,054 0,075 0,007 1,26 1,299
 0,266 2,448 16,66 11,18 4,44 3,26 0,18

90-100 0,015 0,034 0,384 0,132 0,02 0,017 0,007 0,61 0,625

/14

 0,256 0,967 8,00 6,59 1,64 0,76 0,17
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 7 - , 

19.06 143
29.06 122
10.07 137
20.07 158
30.07 164
10.08 170
20.08 166
30.08 150
10.09 170
20.09 186
30.09 190
10.10 192
20.10 192

 8 - , 

, 

CL HCO3 SO3 Ca Mg Na+K .

 10.07 1,740 0,420 4,910 0,490 0,615 1,910 10,516 10,91
14.08 1,840 0,840 4,770 - - - 10,532 11,84

.  0,360 0,240 1,410 0,150 0,152 0,540 2,624 2,54
. . . 1,200 0,180 1,400 0,180 0,327 0,686 5,384 6,20

. 9 .
. 

.

, ,  2,6-
6,2 , 

.
 37 

.  3- .
 2 ,  11 , 

.  – 
 20  –  « ». 

: 369 
 Sugar Graze  329  Pioneer 858. 

: 293  HHVDBC Tall,
212  Douro Cenopool.

.
, , 

, , 
.
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 –
 20-30  15-16 %.

 9 - , 

1-  2- 3-
.

1 ) 2,8 185,0 2,0 83,0 - -

2 ) 1,9 114,0 - - - -

6  Speed Feed 310,0 - 248,0 - 330,0 -
7 Sugar Graze 421,0 - 306,0 - 380,0 -
8 Super Dan 225,0 - 202,0 - 240,0 -
9 Pioneer 858 365,0 4,0 303,0 1,5 318,0 5,5

10 ) 290,0 20,0 190,0 19,0 235,0 21,0

11  Nurrifeed 180,0 - 115,0 - 131,0 -

12 IP 3616 204,0 - 185,0 - 196,0 -
13 IP 6101 192,0 - 167,0 - 188,0 -
14 IP 6104 180,0 - 151,0 - 164,0 -
15 IP 6105 188,0 - 163,0 - 177,0 -

16 IP 6106 107,0 0,5 100,0 0,5 94,0 0,5

17 IP 6107 131,0 0,3 122,0 0,3 128,0 0,3
18 IP 6109 218,0 7,8 185,0 7,1 233,0 7,4
19 IP 6110 192,0 1,5 173,0 1,1 179,0 1,3
20 IP 6112 225,0 8,5 195,0 6,0 208,0 7,1
21 IP 19586 188,0 2,8 170,0 2,1 180,0 2,4
22 IP 19612 91,0 1,0 77,0 0,8 87,0 1,0
23 IP 22269 163 - 145 - 155 -
24 Douro Cenopool 220,0 2,6 205,0 2,5 210,0 2,6
25 Erai Poo 36,0 - 30,0 - 31,0 -
26 Querinian-4 210,0 - 130,0 - 165,0 -
27 HHVDBC Tall 306,0 10,0 281,0 7,0 292,0 4,0
28 ICMS 7704 106,0 4,0 85,0 3,0 103,0 3,0
29 ICMV 155 Brist 125,0 2,0 112,0 2,0 118,0 2,2
30 ICMV 155 e.e.1. 78,0 - 53,0 - 71,0 -

31 ICMV 155
Original 67,0 - 49,0 - 58,0 -

32 SRBC 108,0 - 110,0 - 123,0 -
33 Sudan Pop III 128,0 - 125,0 - 134,0 -
34 NC 97 Cr 69,0 - 80,0 - 88,0 -
35 Wrai Pop 57,0 - 90,0 - 94,0 -
36 Sudan Pop I 210,0 - 181,0 - 197,0 -

:

1. ., . . 
 / . - , 2009. – 12 .

2. .  2005-2007 . «
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 «   ». - , 2007. –
99 .

3. ., . 
 // . - 2008. -  6. - .

29-31.
4. ., ., -

 //
. - 2008. -  1 (31). - . 65-79.

 631.4+626.84:633.51

. , . , . 

 1  2009 . 

 16 , .
, 

, , .
, 

 0,25 .
. 1 , 

 « » .

 1 - 

, 
. , % , N P K

1  70-70-60 70-100-70 200 140 100

2

60 

200 140 100

3

90 

200 140 100

.

 31,0-41,2 %, 
 15,1-18,2 %.

. 2.
 0-100 

 46,1 % - 
.
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 1  10 : 0-10, 10-20, 20-30, 30-40, 40-50,
50-60, 60-70, 70-80, 80-90, 90-100 .

 2 - 

 ( )  (%) 

, 0,25 0,25-0,1 0,1-0,05 0,05-0,01 0,01-0,005 0,005 0,001
0,01  %

0-30 1,0 1,1 13,0 39,5 13,8 16,8 14,8 45,4
30-50 1,3 1,2 16,0 41,2 12,8 15,1 13,4 41,3
50-70 1,1 1,3 18,4 31,0 13,7 17,5 17,0 48,2

70-100 1,0 1,0 13,2 35,2 14,0 18,2 17,0 49,6

,  0-50
 20,4 %, 0-70  - 20,8 %  0-100  21,5 %

. 3).

 3 - , %

, 

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-
100 0-50 0-70 0-100

1 19,8 20,0 20,2 20,5 20,6 21,7 22,1 22,0 22,3 22,6 20,2 20,7 21,2

2 19,9 20,5 20,5 20,7 21,0 22,0 22,3 22,8 23,1 23,3 20,6 21,0 21,7

19,8 20,2 20,3 20,6 20,8 21,85 22,2 22,4 22,7 22,9 20,4 20,8 21,5

 10  1 . 
 100 3.

, 
(0-30 )  1,43 3. 

 1,48 3, 
 1,38 3, 

, , ,
 ( . 4). . 4 , 

.

 90 .
,  (0-30 ) 

 47 %. 
 48,9 %, 

 45,2 %.  (30-50 ) 
 48,5 %. 

 45,9-47,4 %,  45,5 %.
,  2-3 

,  0-10  10-20 
,  30 

.
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 4 - 

, 
0-30 30-50 0-50 0-70 0-100

 (30.05.09)

, 3 1,43 1,39 1,41 1,42 1,43

, % 47,0 48,5 47,8 47,4 47,0

 (13.09.09)

, 3 1,48 1,47 1,46 1,45 1,45

, % 45,2 45,5 45,9 46,3 46,3

, 3 1,38 1,46 1,42 1,41 1,43

 (60 )
, % 48,9 45,9 47,4 47,8 47,0

, 3 1,38 1,42 1,41 1,41 1,42

 (90 )
, % 48,9 47,4 47,8 47,8 47,4

, 

.

 6- ,
. . 5.

, 
 0,2 ,  6  - 0,12 .

 5 - 
, 

900 1000 1100 1200 1300 1400 1500 360 

, 130 118 108 100 94 90 88 42 
,

,  830 930 1030 1130 1230 1330 1430 360 
2

, 
130 121 111 100 94 91 90 40 

0,11

,  1300 1400 1500 1600 1700 1800 1900 360 
3

, 
130 117 107 96 86 82 80 50 

0,138

 0,22 ,  6-
0,138 .

 0,15 ,  6-
0,11 .
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, 
(2 .)  0,018  (8,70 %), 

 0,01  (9,2 %) .

 2,0  10 . 
. 6.

 6 - ,%

,  2-

, ,
 2-

 (60 )  (90 )
0-10 17,1 14,8 12,2 11,6

10-20 18,9 15,2 13,1 12,3
20-30 18,8 14,9 14,7 13,3
30-40 19,0 15,2 16,3 14,7
40-50 19,5 12,8 17,4 16,1
50-60 19,0 16,2 18,0 16,6
60-70 18,5 18,4 18,2 17,1
70-80 18,2 18,9 17,9 16,7
80-90 18,3 19,0 16,8 16,3

90-100 18,4 18,4 16,5 15,9
100-110 17,8 18,4 15,6 15,4
110-120 17,5 19,1 14,7 14,8
130-150 17,4 19,0 14,7 14,4
150-170 17,7 18,5 14,9 14,4
170-200 18,2 17,9 15,4 14,3

0-50 18,5 14,5 14,7 13,6
0-70 18,6 15,3 15,7 14,5

0-100 18,5 16,3 16,1 16,6
0-200 18,2 17,1 15,7 14,9

, 

. 

 90 .

. 
 ( . 7).

,  2-
 60  -  0-

30  1,003 %,  30-50  - 0,836 %.
-

 60  90 , 
.

 2-  0-30 
 3,93 ,  1-  -  0,53  (13,5 %). 
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.

 70-70-60 % .

 7 - 

, % , 
, 

,
%  NO3 P2O5 K2O

, 29.05.09
0-30 0,627 0,058 0,056 9,27 14,8 200 3-

30-50 0,710 0,064 0,070 5,60 10,0 260
, 9.09.09

0-30 0,731 0,069 0,140 3,40 14,2 2201 30-50 0,898 0,085 0,120 2,45 11,2 180
0-30 1,003 0,091 0,157 4,60 17,2 2602 30-50 0,836 0,077 0,145 3,00 14,8 200
0-30 0,815 0,077 0,130 3,93 15,4 2403 30-50 0,773 0,072 0,157 2,62 13,0 200

 27.05.09 
 490 3 . 

 90 , 
.

, 
, 

, , 
, 

, . , 
. . 8

.
, 

 6  740-1060 3 , 
 5030 3 . 

 55 
 36,2 3 ,  2650 3 . 

 2380 3

47,3 %.

, . 
, 

.  0,01  0,2-0,3 
 0,31-0,42 . 

 1,275 ,  - 0,24 .
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 8 - 

1 2 3 4 5 6 , 3

 27.05 17-
18.06

5-
6.07

22-
23.07

15-
16.08

4-
5.09

 20 16 16 23 18

,
3 490 740 1060 1010 860 870

5030

 18.06.  55 
,

3 490 36,2 2650

. 9 

.
,  11,75 3  1 , 

 2,5 , .  74 
 2,5 . 

, 
 1 

. 
. .

 9 -  11,75 3

. . .
1 18.06 1 04 26 13.07 -  51 7.08 - -
2 19.06 1 13 27 14.07 -  52 8.08 - -
3 20.06 1 13 28 15.07 -  53 9.08 - -
4 21.06 1 21 29 16.07 -  54 10.08 -
5 22.06 1 20 30 17.07 2 17 55 11.08 2 26
6 23.06 1 29 31 18.07 2 18 56 12.08 2 28
7 24.06 1 25 32 19.07 - - 57 13.08 2 24
8 25.06 1 29 33 20.07 - 18 58 14.08 2 24
9 26.06 1 38 34 21.07 2 20 59 15.08 - -
10 27.06 1 47 35 22.07 2 20 60 16.08 - -
11 28.06 1 44 36 23.07 2 20 61 17.08 - -
12 29.06 1 40 37 24.07 2 22 62 18.08 2 27
13 30.06 1 40 38 25.07 2 22 63 19.08 - -
14 1.07 1 44 39 26.07 2 20 64 20.08 2 30
15 2.07 1 46 40 27.07 2 22 65 21.08 2 31
16 3.07 1 55 41 28.07 2 21 66 22.08 - -
17 4.07 1 55 42 29.07 2 22 67 23.08 - -
18 5.07 2 05 43 30.07 2 22 68 24.08 2 30
19 6.07 2 12 44 31.07 2 22 69 25.08 2 31
20 7.07 2 12 45 1.08 2 22 70 26.08 2 33
21 8.07 2 12 46 2.08 2 23 71 27.08 2 32
22 9.07 2 13 47 3.08 2 24 72 28.08 2 32
23 10.07 2 15 48 4.08 2 25 73 29.08 2 32
24 11.07 2 16 49 5.08 - - 74 30.08 2 33
25 12.07 2 15 50 6.08 - - 75 31.08 2 32
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, 
,

.

 15 , 1 , 1  1 
. 10).

 15 , 

. 
, 

. -
,  60 .

 1 
67.0 ,  - 11,2 .,  - 1,85 ., 

, ,  73,1-
78,8 , 13,5-14,2 ., 3,2-4,0 .

 1 
5,15 ., 
60  8,2 ., , 

 90 ,  6,75 .

 10 - 

15 1 1 15 1

, 

.

, 

.
, 

.

, 

.
, 

.

, 
.

, 
.

, 
.

1  ( ) 13,8 4,8 22,0 4,0 2,2 67,0 11,2 1,85 3,05 5,15

2

 60 

13,1 4,8 23,8 4,6 2,5 78,8 14,2 4,0 5,70 8,20

3

 90 

13,8 4,9 23,6 4,4 2,3 73,1 1,35 3,2 4,40 6,75

.
, 

 5,47 , 
 60  - 5,58 

 90  - 5,54 .
- . 11.
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 11 - 

,%

1000
.

,

-

.,
-

.
-

.,

1 35,6 125 1 4.2 V 4,4 25.9
2 38,1 129,1 1 4.6 V 4,6 26,0
3 34,6 120.3 1 4.1 V 4,1 24.6

,
.

 15.08; 15.09; 15.10.
,  2-  3-

.  15.10.  1-
 25,1 % ,  – 18 %,  – 20,4 %. ,

.
, 

 24,3  22,7 , 
22  ( . 12).

-
 60  4,1  (14,4 %), 

 90  - 2,4  (8,4 %) .

 12 - 

-

, 

I II III

-
, ,

3

--

 1
,

3

-
 1 3

-
, 

)
27,4 28,9 29,1 28,5 5030 176,5 566,6 -

 60 
30,2 33,3 34,5 32,6 2650 81,3 1230 4,1

 90 

29,6 31,0 32,0 30,9 2650 85,8 1166 2,4

Hcp05=1.6  Hcp05=5,23 %

, 
 23,4  28,5 % . 

 5,6 % .

, , 69,5  74,4 %, 
 – 93 %.

, 
 - 3812,8-3559,9 3  – 

 1849 3  (34,5 %)  1596 3  (29,0 %).
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1.  5030 3 , 
 – 2650 3 . 

 2380 3  47,3 %.
2. 

 60  - 32,6 .
3.  1 

176,5 3,  - 81,3-85,8  54-51,4 % 
.

4. 
 7.

 626.810

. , . , . 
. 

.
.

 30-50 
.

. 
. 

.

, , , 
.

.

 78-83 % 
.  24,2 3,

 11,43 3 .  10-
25 % .

 (2010 ), 
, 

.

 70 %,  60 % .
 ( , , , , 

) 
 80 %  9 % , 
 70 %  14-16 % , 
 60 %  24 % 
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, 
.

.

.
, 

.

 ( ) 
.

. .
 25 , 

 50  38 
. .

 0,90-0,96 . 
 0,70 . 

 20-25 % .
:

1. 
.

2. 
. 

.
3. 

.
4. 

. 
.

.
. 

. , 
. 

.
,

.

.
.

 ( ) 

.

. . 
.

. 
.



110

, . 
  

.
:

1. 
. , (

) . 
.

2. 
, 

.
3. 

 78-83 % .
4. 

.
6. 

.
7. 

.
:

1. . . 

). - , 1992  – 292 .
2. . . 

.  33-2,2. - ., 1986 – 90 .
2. , ., . 

: . –
, 2004. – 43 .

3. . 
 // ,  100-

. . . 2. . – ,
2003. - . 55-64.

 626.824

. ., . 
. . 

.

. ,
.
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 626.862.3+626.862.7

. , . 
. . 

 50 
 –  48 . . 

 90 ,  21 , 

 43 . .
 -  (

) - . 1.  –
, 
. 

. ,
.

, . 
, 

 30-50 % 
.

, 
. 2,  (

), , , , , 
.

, 
 –  150-200 ,

 30-40 ,  - 60-80 .
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. 
, 
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 (  50)
. 

. . 
. 

. 
, 

.
, 

.  – ,
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. ,
. 

,  – . 
.  –  900 ,

 1000 ;  800 , 
 1000 . , 

30 ,  – 380 .
, , 

,  300-500 , 

 ( , , ). 
.  - 

, .

, . 
-

. 
. 

, ,  2  (1 – 
, 2 – ). 
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 532.542:626.83

. , . , . , . 
. . 

New designs device protection is described In article from fin and alluvium on intake of the
systems machine waterlift.

.

.

 [1, 2]. 
.

, 
. 

.
 4...5

. 
 [2]. 

,  ( . 1).

. 1 - 
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. 
.

, 
.

, ,
» .

 – 125 .  I .

 ( ) . 
,

.

.
, 

, 
 [2].

, 
. ,

 (F p p; . .) 
. , 

, , 
.

( ) 3 2
1 5,01815,0 qhhn −−+= ,

1h  - ;
- ;

q - .

 ( . 2) 
, ,

.  - ,
,  30°, 

 - 70°. 
, .

, , , 
.

, 
. 

. 

. , 
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, 
.

. 2 - 
: - ( )l kx −= 2 ; - l py = ; - lcy 2= ;

- l 22= ; -  2 ( -I, 4 ); - ; - ;
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 [1].
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, , ,
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, , , 
, , 

, .
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:
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. . – , 2009. -  4. – . 78-83.
2. ., . 

 // . – 2009. -
 6. - . 110-111.

 631.416:54-38

. 
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, .
, 

.
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, 
.

 “ -6”  90 
 70-70-60 %

. :
1. ( ) .
2. .
3.  2- ,  5 

.
4.  25 % 

.
5.  25 % 

.
6.  25 % 

 5 
.

7.  50 % 
.

8.  50 % 
 5 

.
, 

. 
.

. , 
, .

: 
, 

.
, , 

. 
, , 

.

, . , 

. ,

.
, 

 21,5 %  7,3 % ,
 45,2 % ,  1,46 3. 

 2,4-2,5  6,19  1,5 
 3,7 . 
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 1,01 . 
 -0,29  0,68 .  -0,318 % , -0,054 %,  –

0,025 %. :  – , - 
 ( ). 

. 
 NPK: 250, 210, 80 . 

 -15 % , 20 % 3-4 , 30 % 
 35 % .  –

 = 0,003 , =3,75 85,075,0 −=α
,  0,002.

,  25-50 % 

.

, , 50 % 
, 

.

.  5-,6-,7-  8- .
CaSO4- 2,3; 3,6; 3,7  3,9 , Mg SO4- 2,3; 4,4  4 ,

NaCl- 2,2; 2,3; 2,3; 2,6 .
, 5 

. , , , 

.

.

 ( )

-
-

,
3 /

, ,

1
. 

, 
3

1
3

-
,

1
3

, 

I 2-4-1 6887 29,6 0,0 232,7 0,429 203
II 1-4-1 6137 38,4 8,8 159,8 0,625 297
III 1-4-1 6137 39,7 10,1 154,6 0,647 307
IV 2-4-1 5660 32,7 3,1 173,1 0,577 274
V 1-3-1 6647 41,3 11,7 160,9 0,621 295
VI 1-3-1 6647 43,5 13,9 152,8 0,654 311
VII 1-2-1 6140 41,2 11,6 149,0 0,671 319
VIII 1-2-1 6140 45,1 15,5 136,1 0,735 349

, . 
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, .
,  3  29,6 .

25 % 

,  3,1 . 
.

 2-  1,3 
. 25-50 % 

.
50 %  7- 

 8-  3,9  1- 
15,5 . , 

, 

 6140 3 .

:

1.  
 1995-1996 .:  / ./

; . . . . - , 1996. – 76 .
2. .  // . / .

. . - .: , 1981. - . 178-227.
3. ., ., ., . 

 // 
. Water-

2003. – , 2003. - . 488-495.
4. . 

 // . «

». - , 2004 .

 626.810
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. , 
 49 % , 
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 60 % ( ., 2006). 

 18 % 
, .  1990-

. 
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: 1) 
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. .  1990 .  8600 
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 9000 3  34-38 3 ,
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 5-7 % , . 
 0,78  0,73,  30 3 , 

 20 000 ,
. 

, 
. 

, , , 
300 , , , 

.

, . 
. , 

.

 49 %, , , 
 60 %. 

 11 % , 
,  22 % - , ,  18 % 

,  ( , 1991; , 2006). 
, 

. , 
,

 1993-1994  2004 .
 1980- , 
, 

. , , 
.  1980- , , 

. , 
 1986  1993-1994 .  3,760 3  4,400 3.  1992 . 

, ,  8000 ( , 2006). 
 4,400 3  2,700 3 , 

, , 
. ,  1992 . 

 2  38 %
,  2007 . , 

,  74 % ( , 2009).
, 

, , 

.

1. 

:
1) 

. , , 
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 3000-10000 . 
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 15  19 % , . 
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.
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, , 

.

2. 

, 
 ( , 1974; , 1979;

, 1991; , 1978; , 1983).
,  33 % 

 (900 000 ) 
 30 % -  ( .,
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 1 - 

 1 
. ), 3 , 1 , 3

2825 21,9 129
2715 22,4 121
2428 22,0 110

, , ,
.

:

1. ., ., . . – .: 
», 1991.

2. . – ., 1956.
3. . – ., 1957.
4. . . - : ,

1973.

 556.06+627.141.1

-

. 
,

-
-

. 
. 

, , 

.
This article describes a method of determining the maximum discharge of mudflows and

floods by use of radar sounding data as based on GIS technologies. The program algorithm for
calculating the maximum discharge in sub-basins of the Chirchik-Akhangaran Basin is herein
described. The proposed forecasting technique describes only one way to use GIS, but it might
encourage researchers to make greater use of remote sensing and GIS capabilities in their
activities.

Maksimal sel yoki toshqin sarflarini GIS-texnologiyalari asosida radiolakatsion zondlash
ma’lumotlarini qo’llagan holda aniqlash uslubiyati tasvirlangan. Chirchiq-Ohangaron havzasi
daryolarida maksimal sarflarni hisoblash dasturining algoritmi bayon etilgan. Taklif qilinayotgan
prognozlash uslubiyati GIS-texnologiyalarini qo’llashning faqatgina bir vositasini ta’riflagan.
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Biroq, u tadqiqotchilarni o’z ishlarida distansion zondlash ma’lumotlari hamda GIS
imkoniyatlaridan kengroq foydalanishga turtki berishi mumkin.

, , 
, 

, .
, 

. , 
, , . 

.

. 

. . , 
, , , 

. 
.

.

, 
, .

, , 
, 

. 
.

.
, 

, , 
. 

. 
, 

, , 
. , 

 [1]:

îát÷m FKaQ δϕα ⋅⋅⋅⋅⋅⋅= 7,16 3 (1)

a  – , .; Kt – 
a

a , 
; F – , 2.;  – 

, ; ϕ – , 
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; δ  – ,
.

, , , . ,
 Arc Hydro Tools 9.2, 

 ESRI Inc. ( ) 
 [2]. 

, 
. ,

 Arc Hydro Tools, 
.  ( ), 

. , 
 SRTM.

 Arc Hydro Tools. 
 (flow direction),  (flow accumulation), 

 (stream definition), 
(stream segmentation). 

 (catchment grid delineation), 
 (catchment polygon processing).

, ,
, , 

: , 
.

 (1) - 
a . , , 

, 
. , 

. , 
, . 

. , 
. , , 

, 
.

. 
, 

, , 
.

 [3], 
Z R. 

. . 1a 
, 

 150 ,  ( . 1 ), 
.
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 2 – , 
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5,0 230 210
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 3 – 
 (So = 12 )

= 2,0  = 3,0 = 5,0  = 7,0  = 10,0 h2 3/ 3/ 3/ 3/ 3/
0,5 1,4 1628 24,9 3804,2 41,4 6453,8 58,0 8211 82,9 10072,5
1,0 14,0 803,4 20,9 2891,6 34,9 5563,7 48,9 7321,5 69,8 9176,1
1,5 8,9 - 13,4 575,1 22,3 3229,5 31,2 4979,7 44,6 6841,8
2,0 6,2 - 9,4 - 15,6 1367 21,8 3111,3 31,2 4979,7
2,5 2,7 - 4,0 - 6,8 - 9,5 - 13,5 613,8
3,0 0,5 - 0,7 - 1,2 - 1,6 - 2,4 -

. 3 ,  3,0 
 1,8–2,0 

 1,5–
2,0 . 3 . n

 7,0 

 1,5  4000–4300 3 . 
 2,0–2,3 .

: no
o M+= . : n – 

; - .

. 4.

 4 – 

, 
0,5 1,0 1,5 2,0 2,5

1320 2040 3480 4200 5220
1630 800 - - -2,0
2950 2840 3480 4200 5220
1320 2040 3480 4200 5220
3800 2890 575 - -3,0
5120 4930 4055 4200 5220
1320 2040 3480 4200 5220
6430 5560 3230 1370 -5,0
7770 7600 6710 5570 5220
1320 2040 3480 4200 5220
8210 7320 4980 3110 -7,0
9530 9360 8450 7310 5220
1320 2040 3480 4200 5220
10070 9180 6840 4980 561410,0
11390 11220 10320 9180 5834

. 4, 
.  1,6 

 10  3-
 2,0–3,0 .
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2. . 
 ( ) 

.
3. 

, 
45 %,  ( . 1).

4. , 
 2009 . ( ),

 ( ) .:
- ;
- ;
- .

 1 -  -
 –  ( )

 Q, 3
, 3  (

IV 305 -12 3,94
V 196 3 1,53
VI 563 62 11
VII 768 194 25
VIII 498 177 35
IX 283 127 45

–

. 436 94 21
IV 241 64 27
V 113 - -
VI 290 76 26
VII 309 74 24
VIII 140 39 28
IX 75 24 32

2008

 –
 –

. 211 55 27
IV 238 46 19
V 637 141 22
VI 907 373 41
VII 1455 253 17
VIII 1705 203 12
IX 801 205 26

–

. 957 205 22
IV 126 19 15
V 373 63 17
VI 534 116 22
VII 944 195 21
VIII 1259 169 13
IX 440 80 18

2009

 –
 –

. 613 107 17
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 (
):

 ( ) , % , % , %

 500 11 10 7
 500 – 750 16 13 9

750 – 1000 19 15 11
1000 – 1500 16,1 14 12
1500 – 2000 15 13,6 10

 - 

 2000 14 11 10
 500 12 11 9

 500 – 750 16 12 11
750 – 1000 17 15 12

1000 – 1500 18 14 11
1500 – 2000 17 14 13

 –  -

 2000 15 12 9

, 
 ( ) ,

, .

:

1. ., .  1969–1972
. // . - 1976. -  5.

2. ., ., ., . 
 // . . . / .

– 1974. – . 142, . 1. – . 67-78.
3. . - . – .: , 1959.
4. . 

 (
) // 

: . – , 2004. – . 8.
5. –

:  / . ; - , 2009.
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, 
2850 3 . , 

, 
 48-46 . . .

. 1 
.

 1 - 

. . 
.

252 3935 2852
86 1275 513
32 470 68

, 
 500-600 3.

 90-100 . . 

 ( . 2).

 2 - 

I 1. . - + +
 2. . - - -
 3. . - - +
 4. - - -

II 1. . . + + +
 2. - + +
 3. - + +
 4. . . - - +

III 1. . - + +
 2. . - - +

. 2, , ,
. 

. 

, , ,  (  2-3 ) 
.

, 
. , , ,  (

 4-6 ) 
, . 
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 ( ) 
.

 631.582

. 

The organized experiences on influence of the lucerne on mineral drained soils and her
importance as predecessor. Results of the studies of the nourishing mode drained of ground have
shown that the lucerne plays the important role in accumulation not only nitric forms of the
fertilizers in ground, but also phosphorus, and potassium. Most actively pass these processes of the
enrichment of ground by nutrients on the second - a fourth years of the use the lucerne.

. 
, 

, . 
 – 

.
, 

, , 
, 

. 
. 

, 
. 

 [1, 2].

, -
. 

. , 
, , 

.
, 

, 
 [3].

, . 
, ,

.

 7,5-8,5  13,5-15,0 
. , 

, 
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, 
 [4, 5, 6].

, 
 2-3 , 

 4-5  [7, 8]. 

 75-80 %, 
 - 20-30 % , 

. 
, , 

. 
, 

, , 
.

, 
, 

 – , .
, 

, . 
, 

, 
. , 

, 
. , . , . , .  [5], 

.
, 

.

, , .
 ( ) 

,  0-10  3,3-2,7 %,  10-
20  -2,1-1,5 %  40-60  - 1,1-0,53 %.

 1-  2- , 
.

. 1.

 1 - 
, .

 N03  100 
.

, 

0-10 4,8 4,2
10-20 6,0 3,1
20-30 4,7 1,4
0-10 3,7 3,4
10-20 3,7 2,7
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20-30 2,2 1,9
0-10 1,9 2,9
10-20 3,0 2,0, 

20-30 2,5 1,9
0-10 6,2 5,4
10-20 5,2 3,1, 20-30 3,1 1,8
0-10 3,1 3,8
10-20 4,7 3,1, 20-30 2,6 1,5
0-10 2,4 3,0
10-20 2,7 2,4,

20-30 1,5 1,7

, 
. , 

 5 .
, 

 0-30 
(N 3)  3,1  6,0  100 ,  -
2,7-3,7 . 

.  N 3  1,5-3,0  100 .
 0-20  N 3  2,4-3,0 , 

 - 3,1-6,0 ,
, - 1,9-3,7  100 .  - 4,8 

4,2  - 3,7  3,4  100 .
,  N 3

 0-10  10-20 , 
, , , ,  20-

30  N 3 .
, 

. 1 , 
, . , 

 0-20  N 3  5,7 
4,2  100 . , , 4,1  3,4 

 2,6  2,7  100 .  20-30 
,

 1,7-1,5  100 .
, 

. 
, . 2. 

.
2 5

, , 
2 5  0-20  6,8  7,9 .

2 5 , 
. . 2, 

2 5 , 
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. ,  0-30 
2 5  7,1 , 4,5  7,8  100 , 

, , 4,4 , 4,0  5,8 . 
 (0-10  10-20 ).

 2 - 
, .

 100 
2 5 2,

0-10 6,4 8,9 9,0 10,3
10-20 6,1 9,3 9,7 8,8
20-30 5,0 8,5 6,3 6,9
0-10 5,0 6,0 7,9 9,0

10-20 4,9 6,6 8,8 7,4
20-30 3,3 4,8 5,1 5,6
0-10 4,7 8,2 6,4 8,0

10-20 4,4 7,6 8,5 7,4, 

20-30 3,5 5,7 5,2 4,8
0-10 9,1 9,3 8,4 8,1

10-20 8,0 8,1 10,6 8,8, 20-30 6,6 5,7 7,1 7,7
0-10 8,1 8,8 8,7 6,6

10-20 7,3 9,1 8,0 7,6, 
20-30 6,4 7,3 5,3 5,1
0-10 6,7 6,6 4,7 4,4

10-20 6,1 6,9 5,8 4,1,

20-30 5,1 5,4 4,8 5,3

, 
. 

.
 0-20 

2 5  6,0  8,7 , ,
, 4,9  6,3  6,0  5,9  100 

.
, 

, , , . 
,

. . 2, 
2 .

, 

.  0-20 2
9,2  9,5 , , , 8,3  8,2 

 7,4  7,7  100 .

. ,  0-20 
2  9,5  8,4 , , , 8,3
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 7,1  - 5,5  4,2  100 .  20-30 

.
, 

, 
, . 

–
. 

, 
.

,  0,16-0,9 %.

. 

, 
.

, . 

. , 
.

.  [9] 
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)  ( ,  – 

). , , 
 8,9–16,0 %. , 

, , , ,  – 
, , . 

, 
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 1,5 . 

.
. .  [10] 

100. 
 14,6 ( )  83,3 , 

 5 . 
.

, 
, , .

, , .  25 
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. , 
. 

 60-65 
.

. , -
, 

, , , 
.

:
1. . 

 - : , 2006. – 432 .
2. .  //

. - : 1924. - . 2. - . 53-64.
3. ., ., 

. - , 1992. – 176 .
4. .  //

. - 1982. -  3. - . 36-38.
5. ., ., . 

, - : , 1986. – 232 .
6. ., . 

 // .- . . - ,
1983. -  9. - . 19-22.

7. . 
: . . .- . : -

, 1996. – 24 .
8. ., ., . . - :

, 1998. –  166-168.
9. . . -

.: , 1985. – 303 .
10. ., . 

 // 
. - : , 1965. - . 125-145.

 626.83.

. , . , . .

 4,3 , 
2,4 . 

 1500.  500 , 
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 (4) , 
. , 

, 
. 

, 
, ,

.
=2
, 

 31 %.

=2  280 3, -200 3. 
 37  1 3,  3000 

 1990 ,  1050  3150000 .

, L0=(2,6...3)
 ( . 1). L0

L0.
,  h1,  h2, , , Q,

. 
Q=0,021 3 : =1,6 ,; h1 =0,4 ; h2 =2,9 ; =0,2 .

. 
, 

.

. 
.

. 1 - :
1- ; 2- ; 3- .



46

,
, 

. , 

. 
 [1, 2].

, , 
. , 

, 
 ( . 2).

. 2 - 
.

,
, . 

 « » :

113.2
1

0

−







=

−
rn  , (5)

r- ;
0- .

, ,



47

, .

, 
, 

.

:

1. . . - .: ,
1975. . 227-229.

2. ., .. . - .: , 1971. - . 343-345.

 626.83.

. , . , . 

, 
. 

, 
.

, ,
. , , , 

, ,
, 

.

,
. 

, 

 V. [1, 2]. 
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h/d  1,0÷2,0 
, 

. 
, . 

, v=f
(h/d).

h2 ∠  0,5  , 
. 

. 
, , 

. , 

.

. 1. 

1, 2- . ; 3- ; 4-
.

 3-  2 -9 
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13,5 ,  16 % , . 
 10 %  28 %, 
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1-

, , % -

1
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 3 . 

.  2-
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 6  -988(  3)  1221 (  1) 3 , 
 0,275; 0,339 . 

 6  -957 (  3)  991
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. 

 ( :  1991-2005 ).
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hc - ,  ( );
V - ,  ( );

. - 
 - 25° - 0,74; 38° - 0,58; 55° - 0,32;

. -  ( . 1);
. . - ;

) 

..
.

. .
06,0 nnQ ⋅⋅⋅⋅⋅= , 3

(4)

Q - ,  ( );
n  -  ( );
n  -  ( );

. -  ( . 1);

. -  ( . 1);

. - , 
, .=0,96;

. - .
 (4) , 

.  0,4 
 0,94.

3. 
) 

.
1800 .

2

. ttg
hL

⋅⋅
⋅⋅⋅⋅

=
ϕ

, 3 (5)

L - ,  ( );
h - ,  ( );

. - , , 

.=1-0,005 l, l - ; .
 0,75 - 0,95 (  10 .=1);
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. - ,  (
.:  3 % - 1,0;  6 % - 1,2;  10 % - 1,5;  15 % - 2,0; 

 2 % - 1,0;  6 % - 0,85; 10 % - 0,7;  15 % - 0,6);
. -  I  - 1,1; II  - 1,2; III  - 1,25; IV  - 1,35;

j -  ( . 2).

 2 - 

. j tg j . j tg j . j tg j
1 2 3 4 5 6 7

35 0,70 45 1,00 25 0,47
45 1,00 35 0,70 15 0,27
40 0,84 40 0,84 35 0,70
35 0,70 45 1,00 27 0,51

:
- 25 0,47 30 0,58 20 0,36
- 27 0,51 35 0,70 25 0,47
- 30 0,58 32 0,63 27 0,51

40 0,84 35 0,70 25 0,47
:

- 50 1,19 40 0,84 20 0,58
- 40 0,84 30 0,58 30 0,36

t - , 

..
.

.

.

. 2O
O

O

K

K ttt
V
l

V
l

V
lt +++++= , (6)

l .,  l .,  lo. – , , 
,  ( l . = 5-10 ; l . - 

10  20 %  1,2,  20 % - 1,4; lo. = l . + l .);
V .,  V .,  Vo. – , , 

 ( ,  I, II, III );
to. -  (1,5 - 2,5 );
t . -  (5 – 10 );
t . -  (10 – 15 ).

) 

]):[(
)sin(3600

.
.

K tVLn
blL

+⋅
−⋅⋅

=
ϕ

, 2 (7)

L - , ; L=10-15 ;
l - ,  ( );
j - ; j=60-65°, sin 60°=0,866,
sin 65°=0,906;
b - , 

 (b = 0,3-0,5 );
n -  (n =1-2 );
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V . t . – .  (6).

4. 

..

.
.

3600
t

Q
⋅

⋅⋅
= , 3

(8)

 Q - , 3 ( );
. - ,  I . .=1,15; II . -1,1; III .-1;

IV .-0,9;
t . - , ;

.- ,  I . .=1,1; II .-1,2; III . -1,3;
IV .-1,35.

t .=(l .:V .)+(l .:V .)+(lp.:Vp.)+(l .:V .)+t .+2t o ., (9)

l ., l ., lp., l . - , ,  ( ),
, ;

V .,  V .,  Vp.,  V . - , ,  ( ),
,  ( :

V . - I ; V . - II - III ; Vp. - I - II ; V . - III - IV );
t . -  (  5-10 );
t . -  (  15-25 ).

hbK
nKQlK ⋅⋅

+⋅
=

.

.
.

.)1( , (10)

b -  ( ), ;
 -  ( . . 3).

 3 - 

, 3

15 0,32 0,16 0,114 0,088 -
10 0,28 0,17 0,13 0,097

6 - 6,5 0,26 0,22 - - 0,1

h - ,  ( . . 4).

 4 - 

, 3

2,75 0,15 0,12 0,1 0,07
6 0,2 0,15 0,12 0,09
10 0,3 0,2 0,18 0,14
15 0,35 0,25 0,21 0,16
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1
.

. hb
KQlP ⋅

⋅
= , (11)

h1 - ,  (
).

. 

. 5.

 5 - 

, , , 
± 1 - 40 - 50
± 2 50 - 60 70 - 80
± 3 50 - 60 100 - 110
± 4 50 - 60 120 - 130
± 5 100 150 - 180
± 6 100 190 - 210
± 7 100 250 - 270
± 8 150 350 - 400

5. 

.
60 2

. tgt
hl
⋅⋅

⋅⋅=
ϕ

, 3
(12)

l - ,  ( );
h - ,  ( );
j -  ( . 2);

. - ,  I . - 1,1; II . - 1,2; III . - 1,25;
t . -  ( ), 

t . = t1 + t2 + t3 + t4 + t5 + t6, (13)

t1 - ,

t1 = (l1 : V1), (14)

l1 -  (  10 );
V1 -  (  - 

);
t2 - ,

t2 = (l2 : V2), (15)

l2 -  (  10 );
V2 -  (  - 

);
t3 t4 - ;
t3 = t4 = 0,033 ;
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t5 - ; t5 = 0,0839 ;
t6 - ; t6 = 0,33 .

6.  ( )

ntVL
hBL

⋅+
⋅−⋅

=
]):[(

)(
.

, 3
(16)

L - , ;
 - ,  ( );
 - ;  = 0,2-0,3 ;

h - ,  ( );
V - ,  ( );
t . - ,  0,01 - 0,02 ;
n -  (  -  4-6; 

2-6;  4-10)

ntVL
BL

⋅+
−⋅

=
]):[(

)(
.

, 3
(17)

,  (16).

7. 
)

ntt
LhB

P

P

⋅+
⋅⋅⋅

=
)(

60

.
. , 3

(18)

 - , ;  = ( . - 0,2);
. - , ;

0,2 - , ;
hp - , ; 

hp = (0,6-0,8) × ,  - 
; ;

L -  100 ;
L = 100 ;
tp - , ; 

tp = L : (0,8 - 0,9) × V, (19)

V - , 
, ;

t  - , t  = 1,4 – 2 ;
n -  (1 - 3).

)

nK
tnhBV PP

⋅
⋅−⋅⋅⋅⋅

=
]60:)(1[1000 .

. , 3 (20)
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n
tnBVP ]60:)(1[1000 .

.
⋅−⋅⋅⋅

= , 2 (21)

Vp. - , , 
Vp. = (0,8-0,9) × V, (V - .  19);

, h , t . - .  18;
 - , ;  = 1 ; =

2 ;
n -  (n = 1-3);
n . - ;
)

. =  × Vp., (22)

, Vp. - ,  20  21.

 ( )

 0,5 3;
0,65 3; 1 3; 1,25 3.

 « »  (9 ) 

.

.
. =

, 
 ( .),  - t .

 IV 
 90°. . -

 ( ) - 
.

 (9 ) 

, 3 , ( .)  ( ) . = ( . 2: . 3)
1 2 3 4

0,5 15 32,1 0,46
0,65 15 31,7 0,47
1,0 20 38,7 0,52

1,25 21 37,5 0,56

:

1 > 0,46 < 0,48; 1 > 0,47 < 0,48; 1 > 0,52 > 0,48; 1 > 0,56 > 0,48

.,  0,48; 0,48; 0,52  0,56.
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 «  II -
5111  ( ) 1 3»

1.  (  1)

15,158
8,0112,123

97,00,136003600

.....

.
. =

⋅⋅⋅⋅
⋅⋅

=
⋅⋅⋅⋅

⋅⋅
=

t
Q 3

Q - ; Q = 1,0 3 (
);

. - ;  II . . =
0,97;

t . -  ( )  III . 
,  135°, t . = 23 ;

. - ;  II . . = 1,2;
. - ;

. = 1;
. - ;

 135° . = 1;
. - ;  II .

. = 0,8.

2.  - .

. = 0,80 -  3 .

3.  - .

,5,0
1,32

16

.

.
. ===

. - , -
;

. -  ( ).
0,5 > 0,48, . = 0,5.

4. 

)..(0158,0
50,080,015,158

11

...
.. −=

⋅⋅
=

⋅⋅
=

 100 3
.=1,58 .- .

5. 

:
 6  - 1;
 5  - 1.

6. ,  ( .)

. = 1,58 × 2 = 3,16 .-  -  100 3 .
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-5111
, 3 1,0

,  12,5
,  9,4

,  12,2
,  6,1

:  74
.) (100)

,  35

 II 
, , , 

, , .

1. .
2. .
3. .
4. .
5. .

 100 3

 6 . - 1
 5 . - 1 1,58 3,16

 631.671:631.43:556.01

-

. , . , . , . 
. ,

, 

,
.

 – , 
, 

, . 
, , 



116

, , 
.

, 
. , , 

, 
.

, 
, ,

, 
.

, 
, 

, , . 

,  – 
. , 2004; . , 2004; . , . , 2004;

. , . , 2004; . , . , .  2006).
 – 

, 
, , , , ,

. 

, , 

, , -
.

-
, 

. 
, 

, , 

. 

, 
.

-
, . 

, 
, , 

. 
-

, .

 – , 
, 
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 ( ) . 
, 

.  (2000) . 
(1997).  ( ) ( ),

, 
:

21
1

)/1( KK
n

i
ifF ⋅⋅∑

=
= ,

F -  ( ); if - i -
; 1K - ,  – 1.0; ,

 – 0.79;  – 0.63;  – 0.62; , ,
 – 0.43;  – 0.38;  -0.14; 

 ( , .) 
, 

 -1 ( . , 2004); 2K -
, , 

, , , ., 
 1.0  0.70 – .

., 2004): < 0.33 – ; = 0.34-0.50 – ;

= 0.51- 0.66 – ; = 0.67 – 1.00 – .

 ( )
.  (1997):

)
1

( kmkk
n

i
if ⋅⋅⋅∑

=
= ,

if - i  ( , 
), , oFiFif /= , 

iF  - i , ; oF - ; sk -
, ; k -
, ;

k - , .

, sk , k k ,

, , ),(Sfk = ,
),(fk = ),(fk ∆=  ( . 1).
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 1 – 

sk k k
1 2 3 4 5 6

<1.00 1.00
1.00-3.00 0.75
3.00-5.00 0.50

5.00-10.00 0.35
1.00 <1.00 0.85

<10.00 0.25
<1.00 1.00

1.00-3.00 0.85
3.00-5.00 0.65

5.00-10.00 0.55
0.85 1.00-2.00 1.00

<10.00 0.35
<1.00 1.00

1.00-3.00 0.95
3.00-5.00 0.75

5.00-10.00 0.65
0.60 2.00-3.00 1.00

<10.00 0.40
<1.00 1.00

1.00-3.00 0.97
3.00-5.00 0.85

5.00-10.00 0.75
3.00-5.00 1.00

<10.00 0.70
<1.00 1.00

1.00-3.00 1.00
3.00-5.00 0.95

5.00-10.00 0.93

0.35

<5.00 1.00

<10.00 0.90

, k k , 
 - k , kkk ⋅= .

, , 
. 

, :
fkfkk ⋅+⋅= , f - 

; f  - 
.

 ( . , . ,
. , . ), , 

 ( k ) 
, ,

, .
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, ,  1960-
 0,639-0,988,  2000-

 0,600-0,750. , 
 1960-  0,171-0,2766, 

2000-  -  0,100-0,125.
, 

, 
.

, 
 – 0,454-0,818,  -  – 0,454.

, 

, , 

.  – , 
, 

, - 
.

:

1. . .- ., 2004.
– 52 .

2. . 
. - , 2004.- 306 .

3. ., . 
 // . - 2004. -

 1. - . 16 – 18.
4. ., . 

 // . -
2005. -  5. - . 40 – 47.

5. ., ., . 
 –  // . - 2006.-

 2-3. - . 25 – 31.
6. . 

. - ., 1997. – 213 .
7. ., ., . 

 . – , 2007. – 218 .
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 631.6

. , . , . , . 
. , 

.

, 
, .

.
, , 

, 
 ( . ,

. , .  , .  , . , 2009). 
 ( ν∆ ), 

, , 
, 

, 
.

, 
,  - 

, -
, 

.
, 

, 
 « » 

.

:
- 

, ,
;

- 
, , 
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 ( ), 
, ;

- 
, 

, , 
 –  – », 

;
- 

, , 
.

, ,

, 
.

, 
. , 

 « » 
» 

, 
.

, 
, 

 « ».

:
- , 

 - 

;
-  - 

;
-  -

;
- 

, 
, 

, ,
, , , , 

;
-  - 

,  - ,
, 

.

, 
, .
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, 

, 
, , 

.

 - «  -  - 
-  - ».

.

, ,
,

. 
, -

 « »  « » 
. 

. 

 -  -  -  -
».

. , . . 
(2006), 

, 

:

min→− ; min→∆− ,

- ,
3 ; - ,
3 , 

, ( ) cOLRR −⋅= / , R - ,
2; L - ; R -  « » 

; cO - , ; T∆ - 
.
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 ( )
, 

 ( ) 
 ( T∆ ) 

 (  ), /= /∆= ,  

:

oioiM /)( 



 ⋅⋅∑ −= ρ

oioiM ∆



 ⋅⋅∑ ∆−= /)( ρ ,

oiM - i ; oiρ - i -
.

:

−=1 −= 1

 ( )

:

( )dh ββ −⋅⋅

+++
=

100
,

∆

+++
= ,

- , 3 ; -

,
3 ; - , 3 ;

- , 3 ;
h - , ; d - , 3; β  -

; β - ; ∆ - 
.

 - ( )dh ββ −⋅⋅100 , 
 ( ).
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:

−= 1

, :

oiρ⋅
= oi

∆
⋅

=
ρ

:

QQ /= Q ∆= / ,

Q  - , 3 ; Q - 
, 3 .

 ( ) 
 (η ).

: −=1 .

 ( ) 
:

SARQ

SARQSARQ

⋅

⋅+⋅
=

SAR

SARQSARQ

⋅∆

⋅+⋅
= ,

SAR - ; SAR

SAR  - , 
, :

[ ])4.8(1 pHcSARSAR −+=∗ ,

)()()32( kAIpmgCApCaCOpKpKpHc +++−=  - , 
 ( . , . , 1978).

, 

 ( ) ,  ( , ,
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),  ( , , ). 

»  « » 
.

, 
, 

. 
 – .

.

: 
–  – , 

.
, 

,

.

:

1. ., ., ., ., .
 // 

, 2009.-  2. – .2-12.
2. ., ., . 

. – , 2007. – 218 .
3. ., ., . 

 // 
, 2006.-  4 (12). – .7-9.



 631.675:633.18

-3-

. 
. . 

1973 
, 

:
- 
;
- ;
- ;
- ;
- ;
- ;
- .

:  - 
;  - 

,  ( . 1).
 1974  (6 ) 

 145 . 

.
 467,5 . 8,1 

: , , , . 
 -  « » , 

1020 3.  1974  2 
7 .  -  3  8 .

. , 
. :  (

), 15 % ,  ( ),
 85 % . 

 5  10 . 
 23,6-25,2 . 24  1974 .

,  1 
2 ,  -  3,4  5 .  cicay,

 – gir 880. 
, 

.
 23,30-

25,500 ,  - 23,60-24,50 , 
 - 22,100

,
 1974  ( ), 
 2,5 

 150 .



2

, 
 15 0 , , 

, 
. ,  50 

 15 0 . 
,  2,5 

.
 (  22  18 

1974 )  354,4 . 
. 

:
 - 50 ,  – 50 .

 35 ,  - 
.  ( ).

. 1

 1

IX X XI XII

1 5,56 5,67 4,16 4,51 4,28
2 5,92 6,40 4,71 4,72 5,74

5,74 6.03 4,43 4,65 5,2

. 1  1
 4,16  5.67 ,  4,71 

6,40 . , 
. , 

 0,46 . 
.

=0,0018(25+to)2(100+a),

to – , 0 ;
 – , %
 – .

. 2

 2.

2 / 2 

. .

IX 5,56 5,92 3,74 1,49 1,59
X 5,67 6,40 2,90 1,96 2,21
XI 4,16 4,71 2,58 1,61 2,93
XII 4.51 4,72 1,57 2,99 3,13

4,98 5,44 2,68 2,01 2,46



3

. 2 
 - 1,58-3,50. 

.

». Q=f(h).
.

, , :

Q = q1t1 + q2t2 +….+ qn-1tn-1 + qn tn = ∑
n

1

 qn tn , 3
.

q 1,2…n – , ;
t 1,2….n –  ( , , ).

. , :
Mh = (E+T-KpP) + (W+Fb+Fo) + (Sn+Sh+So),

Mh  – ;
E – ;

 – ;
Kp – ;
P – , ;
W  – , 3 ;
Fb – ;
Fo – ;
Sn – ;
Sh – ;
So  – .

. .
 3- 

, 
28-29.08.1974 . 2
16-17.09.1974 . 20

30.09. 1974 . 40
08.10.1974 . 54,5
18.10.1974 . 61,01
19.11.1974 . 72,50
07.121974 . 72,85

,  cica-y 
 73 .

. 
.  4.
,  61,22 , 

 - 50,33 .  24 %.
 ( )

-3 – 16207 3



4

– 3954 3

: 20161 3

 4.

, 

 0.25 2
0,25 2 , ,

1000 , .

124 64 42 19 22.61 47,10
158 40 70 29 22,75 100,71
153 61 58 16 23,25 80,53
130 45 62 25 22,05 71,11
133 41 36 34 23,12 77,98
114 37 66 30 22 67,42
138 35 89 61 21,92 107,69
74 21 52 37 21,95 33,79
60 23 71 54 21,87 37,27

cica-y 1974

54 8 82 28 22,05 39,06
1221 389 739 377 246,82 728,38
111 35,40 67,18 34,3 22,44 61,22

 – 1894 3

– 8210 3

–513 3

–1351 3

–2025 3

–4498 3

1670 3

: 20161 3

:
– 22,42
– 6,51

 3,4  5 . 
 YK-880

 73,5 %, 
 55  94 %.

 26,60 , 
 28,58  32 ,  -  17,44 

20,46 .
 25,50 ,  

 27,14 .
 23,15 , 

 18,31  27,1 . 
.

 1975 .  273,3 .
, 

. 
.

 3,30 , 
 - 1,3-1,79 .



5

 5 - 

, 
m
3

q
/

m
3

q
/

4.01-14.01. 1975 11 10 3133 330 1042 1,10

15.01-28.01.1975 14 5 1774 1,47 521 0,43

29.01-02.04.1975 64 14 9895 1,79 3127 0,57

03.04-25.04.1975 23 15 2778 13 - -

26.04-02.06.1975 21 15 2400 1,32 1563 0,86

: 133 - 19780 - 6253 -

, 
 34,94 %,  - 43 %  - 23,6 %.

 ( )
 3 – 98,6 ;
 4 – 85,8 ;
 5 – 93,5 

 92,64 

 – 99,14 . 
 6,5 .

 6 - 

, 
(0,25 2,

) .

 1000
. , 

2 38 124 58 10 27,4 98,55
3 36 115 41 7 23,9 56,11
6 37 126 74 14 25,8 120,28
7 34 118 63 9 25,7 95,53

10 33 126 68 2,5 27,7 118,67
11 39 152 57 9 24,4 105,70

 37 127 60,17 12,33 25,80 99,14

1975 . 
 YR-880

 (01.01. 1975– 02.06. 1975):
– 2245

  –1126,

-3-

:
- 

;
- 

 20161 3 ,  – 3954 3 ,  –
19780 3  – 2733 3 .
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, :  – 34,97 %,
 – 41,43 %,  - 22.6 % .

. ,
. 2.

 50,33 , 
 – 92,64 .

 ( )  2242 , 
– 2245

 7

- /

1969 20031 2684,1 127258 58538,6 635,3 21,8 1133,9 15194,2 673748 307924 595,9 20,2
1970 602 8066,8 464228 211344,5 771 26,4 1953,8 26180,9 856759 394108 438,5 15,5
1971 801,69 10742,6 626256 2870708 781,2 26,7 1415,97 1939739 368661 169584 260,3 8,9
1972 800,32 10724,2 278923 128305 348,2 11,9 603,83 80913 - - - -
1973 1500 20100 1081438 497461 720,9 24,7 1513 20100 387092 454064 658 22,5
1974 1500 20100 1238893 569890 825 28,3 1600 21780 1017277 467947 671,6 23
1975 2002 21866,8 1261135 582000 641 22,0 1364,83 18316 798445 360847 585 19,7
2010 3891 14172,1 7254473 333516,7 674,7 23,12 1369,33 18376,61 783663,66 359079 534,88 18,3

:
1. . . - .: , 1972.
2. . – .: , 1965 .
3. . – .  « » . 1968  1975 .
4. : 

 / ; . . . . – 1975.
5.  / . –

, 1970.

 631.675

 « »

. , . 
. . 

 « » 
, 

, . 

.  ( , , ,
, ), , , ,
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, . 
, .

, 

.

. 
. , .  (1936)

:

mp
k
zM = ,

:
– ;

z – ;
k –  ;
m – 
p – .

, 
. , 

:

= t,
∑

+
=

t
TEX ,

–  ( );
– ;

t – , .

, 

. , 

∑
+

=
t
TEX

 1,14 3 , .  1,14 3 .
, 

, ,  1,14
 2 3 .

, 
. 

.  (1951 ), .  (1952), .  (1940),
. .  (1949), . .  (1950) 

.
. 

:
+ ,

– , 3 ;



8

– , ;
–  2,75÷2,17;
– ;

. – , 3  ( ).

.
, 

. 
 « », 

 25 .

. , 
, 

. , 
 :

Z= -Y +W +Y

Z – ;
X – ;
Y – ;
W – ;
Y – 

. , . ,
. . , . , . . ,

. , . . 
. 

. . 
. :

=[0,0018(25+t)2(100-a)] k,

t – , ;
– , %;
– ;

k – , 
 26 ,  0,80.

. 
, 

:
Ey=K1K2Eo

1 – 
 0,59  0,60,  - 0,63–0,65;

K2 – 
 IV-V,  0,62-0,76;

Eo –  , 3 ,
Ey – .

. .



9

= (Wn-Wm)100 h+k

Wn – ;
Wm – ;

– , 3

h – , ;
k – , 3 .

:

∑ +∆+=
n

AWMM
1

W∆ – , 3 ;
– , 

,  0,8-0,9,  0,4-0,6.

, 
, , . 1, 

 - . 2.
. 1  2, 

, , - 123;  -  99,4; 
1,56 ( )  1,67 ( ). , ,

 – 3241,  2342 3 ; 
 –  2817 ( )  3630 ( ).

 1×5×1  1×2×1
 400  800 3 .

 1 -  1
 (  « »).

, 3 ,

.

3
3

 !

2006-2007 . 3817 2831 1507 2624 41.35 63.46 1,33

2007-2008 . 5019 2697 1757 3040 26.71 188 1,43

 2008-
2009 4776 2437 1275 3010 37.30 128 1,80

4367 3303 1647 4000 38.41 114 1,68
3241 2817 1547 3169 36 123 1,56

 2 -  1
2007-2009 . ( )

:
-  – ;
-  – ;
-  – 2-3 
-  - .
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 40 , 
 -  70  100 .

, 3 ,

.

3
3

2007 . 2975 3778 2253 5440 24,61 121 1,43

-65-24
2008 . 3682 4115 2423 5240 47,84 77 1,72

2009 . 3345 2998 1787 4330 33,45 100 1,94

2342 3630 2154 5003 35,13 99,4 1,67

:
1. .  // . – 1961. -  9.
2. . . 

 //  – 1951.

 631.587+631.559.001.573

. 

A hike is offered for authentication of models of dependences the „productivity is a
complex of factors” which take into account the basic laws of agriculture. On the example of
model of sunflower dependence which takes into account co-operation of fertilizers and irrigator
water is got.

 «  –
», . 

, 
.

, 

. 
,

, -
, 

. 

, 

 [1]. 
.

-
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, 

, -
. , 

, . , 
 [3, 4], , 

 «  – » 
, 

.

. ,

, , , , .
, 

. 

. 
. 

, 
, 

. 
, 

. 
. 

 [6] . 
, .

.

, , 

. , 
.

 [2] 

:

( ) ( ) ( ) ( ) ( ) yKfffKfKfy /,max
5544332211 ⋅⋅⋅⋅⋅= (1)

y – ,
; ymax – 

, ; fi (Ki) – 
Ki – , (0  fi ( 1 1); 1 – ,

(0 1 1); 2 – 
, (0 2 1); 3 – 
 ( ), (0 3 1); 4 –

, (0 4 1);
5 – , (0 5 1).

, 
 ( fi(Ki)) 
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.

f1(K1)  [5]:

( )
























+
+

+







+
+

+









+
+

+







+
+

+=

,

,

,1

2

210

2

21011

ububb

uauaaKf

ωω

ωω

,

1

1

1

1

1

Ku

uK

K

<
+
+

≤
+
+

≤

>

ω

ω
(2)

K1 – ;  – , 

, 3 ;  – ; a0, 1, 2, b0, b1, b2 – ,
.

2
:

( ) ( ) ( )2
22210

max

22
ii

iy
yKf ⋅+⋅+=








= , (3)

y - , ; ymax - 
, ; ( )iK 2 - 

,  (0 ( )iK 2 4,
),.

 «  – » 
:  - y=ymax ,  -

2=4
:





=++
=+

193
06

210

12 (4)

 (4) :





−=
+=

21

20

6
91

(5)

0 1  (3), :

( ) ( ) ( ) ( )2
22222

max

691 ii

iy
y

⋅+⋅−++=







(6)

 (6) 2

2<4. , , 
2 :

( ) ( )( )∑

∑

=

=

+−









−

= n

i

ii

n

i i

i

KK

Y
Y

à

1

2
22

1
max

2

69

1
(7)
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 ( ) f3(K3), 
f4(K4)  f5(K5).

.

.
 [6] 

, .

,
.1ïðè679.8358.17679.7

;1ïðè1
2max










<
+
+









+
+

−







+
+

+−

≥
+
+

=

ξω
ξ

ξω
ξ

ξω
ξ

ξω
ξ

UUU

U

Y
Y

,  « » ( 1) 
. 1) :

. 1 -  « » .

:

Y, Y/Ymax K2 Y/Ymax-1 9-6*K2- K2
2

0  31,6 0,712 0 -0,288 9
1 N30P45 37,2 0838 1 -0,162 4
2 N60P90 41,8 0,941 2 -0,059 1
3 N90P135 44,4 1,000 3 0,000 0

-0,509 14

0  30,3 0,708 0 -0,292 9
1 N30P45 35,4 0,827 1 -0,173 4
2 N60P90 40,3 0,942 2 -0,058 1
3 N90P135 42,8 1,000 3 0,000 0

-0,523 14

0,0

0,2

0,4

0,6

0,8

1,0

0,4 0,6 0,8 1,0

Y/Ymax

65 70 65
65 70 70
70 80 70
Y/Ymax
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Y, Y/Ymax K2 Y/Ymax-1 9-6*K2- K2
2

0  30,2 0,699 0 -0,301 9
1 N30P45 35,9 0,831 1 -0,169 4
2 N60P90 40,3 0,933 2 -0,067 1
3 N90P135 43,2 1,000 3 0,000 0

-0,537 14

:

( ) ( ) 828,0019,091;114,0019,06;019,0
141414

537,0523,0509,0
012 =−⋅+==−⋅−=−=

++
−−−

=

0,4

0,6

0,8

1,0

1,2

0 1 2 3

Y/Ymax

N30P45
N60P90
N90P135
y/ymax

 2 -  « » 
.

, :

( ) ( ) ( )yKfKfy KKK /,max
,2211 5,43

⋅⋅= (1)

f1(K1) – 
; f2(K2) - 

; ( )
max

, 5,43 KKKy  - ,

3, 4 5.

.
 – » , 

, . 
, 

, .

:

1. . 
:  / . . . – 2- .,
. . – : , 2003. – 296 .

2. 
. .2.4.-1-99 «
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 (  3. )».
3. . . - .:

, 1989. – 320 .
4. . 
. - .: , 1994. – 252 .

5. ., . 

 // . - 2004. - . 91. - . 83–91.
6. . 

: . . .- . . - ,
2003.

 631.67

. , . , . 
,

The method of management water, landed and financial resources is developed,
application of which possibly for allocation of insufficient water resources, and also to the
process of allocation of present water and financial resources for providing of maximally
possible income from the products of plant-grower. An ecological model which allows to,
estimate an ecological situation in relation to underflooding of earths of the probed territory is
presented, to recommend the proper types of irrigation and watering technology, set a limit on
irrigator’s norms with the purpose of non-admission of harmful action of waters.

, ,
, 

.
, 

, 
, 

.

. 
, 

, 
, . 

.

. 
» , ,

, . 
 –  -

 (
, 
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). , 
,  –  ( ):

, ,  ( . 1).

2-

1-

. 1 - 

. 

 ( ,
, , 

). 
.
:

; 
; 

. 
, , 

 - , ,
.

. 

. 
,  ( ) 

 ( . 2).

, 
. 

, 
, 

.
 [1] 

, :

( ) ( ) ),()(,, )(

1 1 1

)(
221

n

i

n

i

n

i
iii

ii
iii ygSSByKUfCSKUF ∑ ∑ ∑

= = −

−−= (1)

Si - , ; Ci -  1 
, 1; f(Ui,K2

i)-
U 2; Ui - , 3 ; K2

i - ;
Y (M ) - , ; Bi- 

1  ( ) – .
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, ; )( )( -
 1 

; )( yg -  ( ) 
;

( )∑
=

n

i

ii
iii yKUfCS

1

)(
2, - ; ∑

=

n

i
ii SB

1

 - 

, .; ∑
=

n

i
i ygS

1

)( )()(  - , .

,

,

,

, 

, ,

,

- 

, 

-

,
, 

. 2 - 

 [2], 
 ( . 3).

. 3 - 
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 [3], 

max)),(),,(( 212211 →KUFKUF (2)

. 
 «  –

». 
 (

, , 
, ). ,

, 
. , , 

, 
 «  – ». 

, 
:

( ) ( ) yKfKfy /,max
2211 ⋅⋅= (3)

y – ,
; ymax – 

, ; fi (Ki) – Ki
; 1 – , (0 1 1); 2 – 

,
(0 2 );  – .

 ( . 4).
, ,

. 
, 

.

. 4 - (U1) (K2)

.
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. 
, 

, .
, 

, 
, 

, , 
.

, 
.

,  [4].

, 
, , .

 – 
, 

, 
.

, 

. 
,

. 

 « »
.

. 5, , 
 8 , 

, .
.

1. , 
, 

.
2. 

, 
, 

.
:

1. ., ., ., . 
. - : , 2008. – 204 .

2. ., ., . 

 // . – , 2007. - . 4(40). - . 277-284.



20

3. ., ., ., ., .
, 

 // . . -
: , 2007. - .52. – . 86-92.

4. ., . 

 / . – : , 2007. – .
55. - . 122–128.

. 5 -  „ ” 
.

 631.445.52(084.3-223)

. 
, 

. , . , . 
 ( )

 ( )

.  47,5 % 
,  95,9 %  11,5 % . 

, 
, , .
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 60- . 
, ,

 100-150 . 
 ( ) 
. 

 1980-
. 

 ( )  ( ) 
, 

, ..

, 
 (Singh ., 1992). 

. Evans . (1995) 

, 
. Dwivedi . (1998) 

, , 
 Landsat MSS . Karavanova .

(2001) , 

 (510-600 nm),  (600-700 nm) 
 (700-900 nm) . Metternicht (2003)  (fuzzy)

, , .
Khan . (2005) IRS-1B

.
 Mougenot . (1993), 

 10-15 % . 
, 

. Wiegand . (1994)
 (NDVI)  

, , 
.

 (NDVI)  (1998-2001) 
 (Landsat-5 TM  Landsat-7 ETM+).

:
•  ( , , )

 (Landsat) ;
•  (NDVI) ,

NDVI NDVI ;
• , 

NDVI ;
• NDVI

.
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, , 
 –  ( ) 

 ( )  4  (1998-2001). . 1.

 1 - 

, 
L5_154032_1998_0410 100 50.000 137.000
L5_154032_1998_0816 228 55.000 131.000
L5_154032_1999_0429 119 56.000 133.000
L7_154032_1999_0827 239 54.100 140.800
L7_154032_2000_0407 98 51.100 143.000
L7_154032_2000_0829 242 53.047 141.115
L7_154032_2001_0426 116 57.044 138.140
L7_154032_2001_0731 212 59.578 129.419

ERDAS
Imagine WGS-84.

GeoCover .
, 

, 
, 

.

 ( , ), 
. 

Landsat-7  29.08.2000 , 
. 

 (3  4) .
 (NDVI) 

:

NDVI = (Band4 - Band3) / (Band4 + Band3),

: Band3, Band4 - 
, .

NDVI
NDVI,  – NDVI . 

NDVI  5 
, . 2.

 2 -  NDVI 

NDVI 
0,6–0,75
0,45–0,6
0,3–0,45
0,15–0,3
0–0,15 
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-38
.  (2000 )  2005 . 

110 ,  GPS Garmin-12.
-38  ( )

 (dS/m) :  (  0-75 )  (0-
150 ).  (

 50 ), 
. 

, NDVI .
, NDVI

-38 , 
R2 = 0,4706 ( . 1).

. 1 - NDVI
 0-75 cm ( )

NDVI  (0–4) dS/m,
. ,

, 
 4 dS/m , , 

R2 = 0,6337 ( . 2).

. 2 - NDVI
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 (> 4 dS/m)  0-75 cm

. 
, 

1989 . ( . 3 ).
. 3b ,

 1998-2001 .
,  1989  1998-2001 . 

, 
, 

. 
 ( ., 2001), . 

, 
. 

, .

Figure 10

(a)          (b)
. 3 - . , : (a) 

 1989 .; (b)  (1998-2001) .

, 
, , :

• , ;
• .

, , 
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 626.823.6

. 
. . 

. 

.
, 

, 
, 

.
, , , 

: , ; ;
; . 

,
, . 

. , 
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. , 
, , , .

, , 

.

, 
, 

.
,  (

) , , 
, . 

 ( ,  20-30 ) 
, , , , 

, 
. 

, , , 
.

 ( ) – 

.
, , 

h/H  0,2, 
 - 

σ:

Q  = σ Q (1)

 Q , 
.

, :

σ =1,085[1–1/11,7(1-k)+1], (2)

k = h/H.

. 1 - 
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k
– h/H, . 1.

 1 - k  ( . 1)

, , 
.

 ( ), 
, Q=0,6–1,0 3/

 ( . 2).
, 

 ( ) , 
. 

Z= –h,  ( ., 
).

. , 
, , , 

.

. 2 - 

, 
, 

, , 
 ( ) , .

h/H k h/H k h/H k h/H k
0.10 0.99 0.58 0.90 0.77 0.79 0.88 0.63
0.15 0.99 0.60 0.89 0.78 0.78 0.89 0.61
0.20 0.98 0.62 0.88 0.79 0.77 0.90 0.58
0.26 0.97 0.65 0.87 0.80 0.76 0.91 0.56
0.32 0.96 0.67 0.86 0.81 0.75 0.92 0.52
0.38 0.95 0.70 0.84 0.82 0.73 0.93 0.49
0.42 0.94 0.72 0.83 0.83 0.71 0.94 0.45
0.47 0.93 0.74 0.82 0.85 0.69 0.95 0.40
0.50 0.92 0.75 0.81 0.86 0.67 - -
0.55 0.91 0.76 0.80 0.87 0.65 - -
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. 3  - 
 ( ) , 

.

.  (  90°). 
, 

. , , 

, .

:

Q = µω √ 2g (1)

:

. 3 -  ( )

Q=µω√2gZ, (2)

µ = 0,82 , 
,

ω -  ( ),
g = 9,81 2 – ,

,
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Z= –h - , .
 1  2 

, , :
:

Q=0,138√ ; (3)

:

Q=0,138√Z (4)

, 
. 2,  1), , 

, , 
Z, , 

 h : Z= -h.

 2 - 
 ( D=200 )

;Z ( )
Q

)
;

Z ( )
 Q

)
2 16 26 58
3 20 27 59
4 23 28 60
5 25 29 61
6 28 30 62
7 30 31 63
8 32 32 64
9 34 33 65
10 36 34 66
11 38 35 67
12 39 36 68
13 41 37 69
14 43 38 70
15 44 39 71
16 46 40 72
17 47
18 48
19 50
20 51
21 52
22 53
23 55
24 56
25 57

, , , 
, , ,

, , , 
.

, 
 ( ). , 

.
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, , 
, . 

. 
.

. 
. 

, 
 0,5 .

. 
 220 ,  2010 .

.
. 3 

, D=200 , .
. 4 .

. 4 - 
, , D=200 )

 626.862.7

 – 

. , . 
. . 

. 
, 

.
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, 
 ( ,

, , .).  (
) 

.
, 

, 
, . 

, , 
.

, :
- ,  65-70 % ;
- 

90-95 % .

. 
. , 

, , ,
, ,

. 
, 

, , . 
, , .

, 
, 

. 
. , , 

, 
. 

.

 19- .

, 
, . 

, , 
 0,5 .

, , 
, 

.

). , 
, .
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 627.157

. , . 

. 

 (1 ).
, 

SiO2, Al2O3, Fe2O .
, 

 – .
, 

. 
. 

. 
, 

. 
, 

. 

. 
. 

. 
, 

, , 
 (  d<0,1 ) 

. 
, 

.

70  0,05 , 
 60  0,05 

, 

. 
. 

. , 
, , 

.
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,  “
.  ” ”

,  “ ” 
. 

, 
: 

, .
, 

 SiO2, Al2O3, Fe2O 
.

 1 - 

0,1÷0,05 0,05÷0,01 0,01
SiO2 61,6 55,5 46,7
Al2O3 10,8 9,2 11,5
Fe2O 3,6 3,9 6,1
CaO 9,3 10,6 12,7
MgO 2,1 2,7 3,9
K2O 3,1 1,7 1,8
Na2O 2,5 2,3 1,8
P2O5 0,12 0,15 0,21
CO3 6,6 11,3 14,0

, 

 – .

:

1. , .  //-
. – 2007. -  5. - 24 .

1 . 
 // -
,  15-  (24-27  2007 ., ),

, www.icwc-aral.uz /15 years/.
3. , . 

 // «
» , 23-24

 2007 . - , 2007. - I- . - 309-311 .
4. ., ., . 

//«
» , 23-24  2007 . -

, 2007. - I- . - 437-439 .

http://www.icwc-aral.uz
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 1 - 

.

EC
w

,d
S/

m

, 

H
C

O
’ 3

C
l’

SO
” 4

C
a”

M
g”

N
a’

∑

, %

%
 

H
C

O
’ 3

l’

SO
4”

∑

C
a”

M
g”

N
a’

∑

%

SA
R

EC SA
R

C
l

1 0,97 1,070 0,279 0,200 0,309 0,200 0,060 0,039 1,087 -1,6 4,576 5,640 6,42 16,643 9,980 4,932 1,696 16,608 0,2  0,62 1 0 2

 / 

0 1 2
EC,dS/m <0,75 0,75-3.0 >3,0

 SAR <3 3-9 >9
Cl, <0,14 0,14-0,36 >0,36

), %
>0,063 0,063 0,2 0,63 1,0 2,0

1 1,0 6,0 41,0 12,6 25,8 13,6
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 502.654

. , . 

Impact oh glaciers on the quality of the river water.
Runoff of the river depends on the amount of precipitation in the river basin. The share

of the glacier runoff in summer of the low-flow period is more than 25 % from the total runoff
river, decreasing till 10-12 % in high-water year.

Presence of glaciers and snow patches in riverheads reduces total and carbonate
hardness of water has been revealed.

, 
. 

 25 % ,  10-12 %.
, 

HCO3, Ca .
 (Qi) , 

 (Xi). 
 25 % , 

 10-12 %.  ( ) 
 HCO3, .

, , 
.

, 
, 

. 
, 

. 
.

, , 
, .

(Qi)
(Xi) . , 

. 
, 

.  5 - 

. 
. , 

, 
 ( : ).

. 
. 1.

 1 - Qi=a*Xi+b

., 
R a  b

 3.01 0.89 0.67 -0.08
 3.13 0.74 0.78 0.49

 2.78 0.67 1.07 -0.05
2.03 0.88 0.54 0.20
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: « »  «b» - , 
(Qi) (Xi)

.

(R).  « »  «b»,
, , , 

.
Qi . 

. 
:

1.  1 2,
2. ,
3.   ,
4. ,
5.  (

),
6. .

- 
. ,  1957  2001 
 29 %,  40  100 .

, 1997; ., 2008).

 25 % ,  10-12 % (
., 2008). , 

, .
.  (

).

 2 -  ( ) 
.

Xi/
1983 0.97 35.25 122.0 165.6
1986 0.77 22.84 115.9 141.2

: , 
 .  – .

.  2009 .
. . , 

,  250 . ,  - 
. . 

 ( . 2, 3).
. -1 ( , 1968)  (

54 )  ( , 1970) .
Ca, HCO3 ,

. 
HCO3, ,  (  4).

, 
, , 

. 

.
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 3 - . , 
 ( , 2009 .)

, 
, .

1 * . 2100 =42º 08, =70º48 1,6 1,3

2 * , 2065 =42º06´, =70º46´ 1,4 1,1
3 * 1440 =41º58´, =70º46 1,35 1,10
4 2100 =42º 08, =70º48 2,4 2,1

5 ** 1200 =41º54´, =70º21 2,20 1,80

: * - 
                       ** - , .

. 
 (Ca+Mg). . 

 1970  2008 .,  19,4  3, 
(P) :

1. , .
.  P  31 ./ .

2. , 
. 

(P)  42,7 . ./ ., .  38 % .

.
:

1. 
.

2.  ( ) 
 - HCO3, , Mg.

:

1. . . – .: , 1970. – 444 .
2. ,  14, .1, .1. - .: , 1968-

1980 . – 48 .
3.  – , , : .

- , 1996. – 279 .
4. ., . . , , . – :

, 2008. – 84 .
5. . 

 1980  ( ). - , 1997. – 149 .
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 627.157

. , . 

. 
. 

. 
. 

 « » 

. 

, 
.  630+00  933+00 

, .
 630+00 :

: Q=125 3 .
b1=22 ; m=3,0;

 - n = 0,022; i = 0,00005.
 933+00 :

: Q = 100 3 .
b1 = 20 ; m =3,0;

 - n = 0,022; i = 0,00006.
, 

. , 
. 

.
,

. 
. 

, 
, 

. 
, ,

. 

.
 (  2.06.03-97) 

:
) :

V = A×Q0,2; (1)

 – , 
.

) :
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V = 0,3 R1/4; (2)

: R – ;
 630+00 

 1- Q=f(ϑ )
.

 1 -  630+00 

h , 2 x, R, C ,
ϑ , 

Q,
3

 (1)

ϑ , 

(2)

ϑ , 
1 0,5 11,75 24 0,48 40,35 0,19 2,34 0,39 0,25
2 1 25 26 0,96 45,15 0,31 7,82 0,49 0,29
3 1,5 39,75 28 1,41 48,18 0,40 16,13 0,57 0,32
4 2 56 30 1,86 50,43 0,48 27,28 0,63 0,35
5 2,5 73,75 32 2,30 52,24 0,56 41,35 0,69 0,36
6 3 93 34 2,73 53,75 0,62 58,46 0,74 0,38

0

0,2

0,4

0,6

0,8

1

1,2

0 20 40 60 80 100 120 140 160 180

Q

v

 (1)  (2) 

 1 - 

 933+00 
 2- Q=f(ϑ )

.

 2 -  933+00 

h, , 2 x,  R,  C ,
ϑ , 

Q,
3

 (1)

ϑ , 

 (2)

ϑ , 

1 0,5 10,75 22 0,48 40,34 0,21 2,34 0,39 0,25
2 1 23 24 0,95 45,13 0,34 7,87 0,49 0,29
3 1,5 36,75 26 1,41 48,15 0,44 16,29 0,57 0,32
4 2 52 28 1,85 50,39 0,53 27,66 0,64 0,35
5 2,5 68,75 30 2,29 52,19 0,61 42,07 0,69 0,36
6 3 87 32 2,71 53,69 0,68 59,66 0,74 0,38
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0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

2

0 10 20 30 40 50 60 70 80 90

Q

v

 (1)  (1) 

 2 - 

, (1) 

, (2) 
.

, 

.

.
Qn= 21-

82 3 , Qn = 100-125 3  2 
, 

. 
, 

. 

. 
ϑ

.

:

1. ., ., . 

» , 23-24 , I- ,
, 2007, 437-439 .

2. , .. 
 // , , 1994 ., 110 .
3. . . 

 // ., , 1994, 301 .
4. , , 

 // . , , 2004 .,  60-
62.
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 621.313.13:626.83

. 

)  4 . 
 4  12 

, 
.  20 % ,

.

. 
, 

, 
.

. 
 8-10 % , 

8 % [1]. , 
, , 

.

. 
, .

, 

, , 

.

:
1. 

[1].
2. 

[2, 3].
3. 

[4].
4. 

.
 (

, .) 
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:

1. . 
 // 

: . . . . . 25–27  2002. –
, 2002. – . 288–289.

2. . 
 //

. – , 2006. –  4. – . 33–36.
3. . 

 //  XXI
:  2- . .– . ., 27- 28  2004 . – , 2004. –

. 286.
4. . 

 // 
. – , 2005. –  1. – . 20–24.

 626.84

. 
. . 

Has been Conducted study on the detering water components of soil on the cotton
when furrowition watering.

.

.

, .
, 

, , .

.

.
, 

.  – , 
. , , 

, 
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 « » 
-6524.

.
 - 

.
, 

 « ».
 2009 . 

3  3 
:  (  5 2)  (  10 2).

.

, ,
, , 

.
 ( . ) 

.
 ( . , . , . ) , 

 750-3000 
 2000  3,2-3,4 .

 ( . , . .) 
 (

) . 
 4 

.
, 

, 
,  40 . 

, , 
, 

, , , .
 ( ) 

. 
 446 3 ,  – 875 3 , 

 - 621,0 3 . , 
: 1  - , 

 2  - .  3 . 
 10 

1763 3 ,  594 3 , -
 - 615 3 ,  - 553 3 .

 5 2

1706 3 ,  – 437 3 , 
 – 806 3 ,  – 463 3 .

, , 
. 

, . 
 ( )  24,7 , 
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 -26,5  - 8,3 . 
 - 2-4 .

% .
 ( 3 )

:,
3 - - -

16.06
1 9,5 13,6 446 294,4 35,7 53,5 62,44

07.07
2 10,0 18,1 875 568,7 71,8 107,6 126,9

-

11.08
3 11,65 20,5 621 405 52,8 77,0 86,3

16.06
1 8,6 12,4 437 286 35,4 52,9 62,5

07.07
2 10,7 18,0 806 525 67,7 96,7 116,95 2

11.08
3 7,5 16,5 463 303 37,0 57,9 64,8

16.06
1 12,3 17,8 594 389 49,3 73,1 82,56

07.07
2 10,6 16,0 615 400 51,6 76,3 87,310 2

11.08
3 13,3 17,4 553,5 363,5 44,3 66,42 79,7

, , :
1.  236 3

 – 179 3 .
2.  - 28,3 ,  4 ,

 - 26,5  (  – 2 ).
3.  10 2 .
4. .
5. 

.
6. 

.

1. . 
 //Agro Ilm.- 2009-  2(10). – .4-6.

2. . 
 // Agro Ilm.- 2009-  1(9). – .4-6

3. .  // Agro Ilm.- 2008 - 
4(8). – .13-14.

4. ., ., . 
 //

Agro Ilm.- 2008.-  3(7). – .4-6.
5. . 

. : - 2007 - .126
6. . 

. - :  2005. .418
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 502.654

 (
).

. , . , . 

Article is devoted studying of a modern condition on migration of polluting substances
of the rivers of Uzbekistan. The carried out monitoring of water objects of this system has
allowed to state an estimation of anthropogenous influence on reservoirs for the purpose of
their preservation and savings as national property of Republic Uzbekistan

. 

.

, 
. , 

, . 
. 

. , 
, 

, .
, 

, , ,
. , 

, .
, 

 (
)  ( ,

) [1-4]. 

.
:

» 

 ( , ) . 
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:
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. 
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.
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, 
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.
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 - 
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, 

, .

. 1 -  « » 
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: 1.1- , 1.2- , 1.3- , 1.4- ,
1.5- , 1.6  1.7- , 1.8- .

 ( ) . 
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 ( ), , ,
.

; 
, , .  [5]

 8 ,  -  48.

 [6].
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. , 
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.
 1962-1967 . 
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. . .
,  - 

. 
 ( , , ,

) .
 - 

.

. 3 - 
. .
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. 4 - .

 1980-2008 . 
,  ( . 4).

, 
, 

-
, 

. . 
. 

. 
 1,5 , 

, 
 2,8 .

.

:

1. ., ., . 

 // . – 2007. -  8. – . 21-23.
2. ., ., ., . 

 // . – 2007. -  3. – .
35-36.

3. ., ., . 

 // «
»: . . .,

 « » (23  2008 , ). – , 2008. – .
84-89.

4. , , . 

 // . . . «
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», (23  2009 .). - , 2009. – . 23-28.
5. . . 

 // . – 1982. - . 262,  5.
6. 

 / . – , 1984.

:529.71:631.587

)
. , . , . ,

In accordance with the article, There has been found out empirical correlation
between winter wheat crop capacity and emission power of the sun based on example of
Sirdarya region.

, 
 ( )  .

, , 
.

, ,
. , 

.
, 

, 
. 

 ( .1)

 1 - 
)

,
2 , , 

1 2 3 4 5
1993 1367,1 13,7 17,8 16,80
1994 1366,9 16,4 17,0 0,36
1995 1368,3 27,0 22,4 21,16
1996 1366,3 16,5 14,6 3,61
1997 1368,5 16,7 23,2 42,25
1998 1367,5 16,6 19,3 7,29
1999 1368,5 21,5 23,2 2,89
2000 1369,1 19,7 25,5 36,0
2001 1369,5 - 27,1
2002 1368,7 26,9 24,0 8,41

, , 
, 
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. 
 - ,  - 

. 
, . 

, 

, 
, , 

 ( . , . , . , . , . , . ,
. , . . . , . .).

: , .
1. 

. 
.

2. 
 ( ). 

:

∑ ∑= t1,0/0 , (1)

∑0  - 

∑ t - 
).

3.  ( ) 
, , 

 ( . ) 
 ( . , . .).

∑
∑

−

−+
=

VIV

VIVB

t
W

K
01,0

0
1

, (2)

BW  - 
 50 , ;

∑ −VIV0 - , ;

∑ −VIVt .

, ..
 - 

,  -
 ( ) . 

:

∑
+

=
BC

BCB

t
RW

01,0
, (3)

BW  – 
, ;
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BCR  - 
, ;

∑ BCt  -  (  50 ) 
:

HrK KC001,0= , (4)

KCr -  1 2

:
 – , .

, , , 
, .,

Hr
t

RWKKK KC
BC

DCB 001,0
01,021 +

+
=+=

∑
, (5)

. , 
, .

, .
. 1 

. , 
. 

:

= 3,87 -5283,5038 + 5, (6)

- , ( );
- 2 ; 3,87; 5283,

5038 – ;
+5 – .

 (6)  4  1, 
 (6). ,  10 

,  R=0,8806

=4,0775  - 5556,7274 + 4,1 (7)

 (6).

.
, 

, .

:

1. . 
. – .: , 1988.

2. , . 
. - .: , 1988.
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:529.71:631.587

,

. , . , . 

In the article impact of not flattened area of irrigating field on growth of cotton plant
is showed in observations.

.

.

.

), 
, 

, 1953). 
.

, , , 
. 

 5 . .  ( . 1), , 
 (  1;

. 2).

 (
).

 1 - 

, 
)

,  .

,

, 

100 
, 

%
1 2 3 4 5 6 7 8
1 -5 300,37 0,0 0,043 83,63 20,66 30,06
2 -5 300,28 -0,091 0,024 32,92 16,85 8,84
3 -5 300,23 -0,14 0,035 66,19 17,66 16,57
4 -5 300,20 -0,17 0,031 39,49 11,96 4,07
5 -5 299,89 -0,48 0,045 22,56 6,57 4,85
6 -5 299,94 -0,43 0,038 59,91 12,04 31,64
7 -5 300,50 0,13 0,021 67,50 15,84 10,71
8 -5 300,43 0,06 0,042 72,13 14,96 19,69
9 -5 300,00 -0,37 0,036 116,52 13,42 59,88

10 -5 300,20 -0,17 0,043 76,32 18,90 32,90
11 -5 300,67 0,30 0,020 150,05 43,68 25,01
12 -5 300,54 0,17 0,042 91,40 23,42 31,61
13 -5 300,43 0,06 0,035 88,01 20,51 24,01
14 -5 300,35 -0,02 0,032 87,79 16,94 48,20
15 -5 300,33 -0,04 0,029 64,81 14,12 36,18

300,37 76,68
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, , 

, (  1). R=0,8352.

=186,3125h-55887,395+28,21 . (1)

 - , ;
h , ;
186,3125; 55887,395- ;
28,21- .

, 
: ;

; ; ; 
. , 

 ( ) ,
. 

 80-90 %.
,  ( ), 

, , 
, 

.

, .
 5  1  4 

. 

. 
.

I Ca>-Cl>K>-Na>N>Mg>P
II Ca>- N> Cl>Mg>P >K>-Na
III Mg> K> Na> N>Ca>Cl> P
IV Cl>K>Na >Ca>Mg>-N>- P
V Ca>Mg >Cl>-K>Na>N >P

 2 - 

1  2 3 4 5 6

I Na
-0,44

Mg/Ca
-0,39

Ca
0,31

K
-0,24

Mg
-0,21

P
0,12 S∑ −⋅−= 4105,191.0..

II Na
-0,506

Mg/Ca
0,269

Mg/Ca
0,187

P
0,08

K
0,045

Ca
0,006 S∑ −⋅−= 4108.416.1..

III Mg
0,60

Mg/Ca
0,59

P
0,48

Ca
-0,128

K
-0,124

Na
0,028 S∑ −⋅−= 4102,585.0..

IV Mg
0,51

Mg/Ca
0,48

Na
-0,46

P
0,40

K
0,25

Ca
0,06 S∑ −⋅−= 41012,655.0..

V P
0,78

K
-0,21

Ca
0,15

Mg
0,10

Na
-0,047

Mg/Ca
0,041 Se∑ −⋅−= 41013,1489.0..
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:

1. .  //
 – 1953. -  12.

2. . 
. – : , 1985.

3. . 
 (

). – , 1991.

 529.71:631.587

. , , . 

.
In the article main assessing methods of salinity dynamics of sail are showed.

.

. 
, 

, .

, 

. , 

, .
, ,
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1. 
. . 

.  (1985) 
.

2. , 
.

3. , , 
 ( ).

.
4. , , 

, ,
, . 

, , 
, , 

. .  –

. 
, . 

, . 
, 

 5-7 . 
, , , 

. 
.

, , 
, .

, 
, , ,

.
, 

 (
)  1

 10 . .

: R=0,869
S . = 490,4347 P-11544,674+18,743 

: R = -0,5227
S  = 4724,4752-3442,9032 P+11,59 

: R=-0,9946
S =4142,8318-3028,4 P+4,8 

: R=-0,8418
S =4306,264-3146,562 P + 6,6 

R ;
P – , 2;
S – 
4306,264; 3146,562 – .

•  10 . .  – 
. .

, .
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• . 1 , 
, , ,

, , , 
.

•
, 

.
•

.
 1 - 

 1997-2007 .)

R A D +D

2 3 4 5 6
-0,797 1095807,3 -798,4 707
0,8593 -695916,3 510 265
0,7009 -6021894,2 4404 1986
-0,9190 802811,1 -581,8 447
0,9154 -2325141,6 1703,7 1019
-0,8845 604610,0 439,1 415
-0,6697 527714,6 -382,9 478
0,7499 -2469705,3 1810 1321

.- ; - ;  –
.

:
1. ., . 

// «
»: -

 ( , 5- 8  2003 .). , 2003. - . 307-309.
2. .,.

. - , 1993. – 135 .
3. ., . 

. - .: , 1988.

 631.4

, 

. , . 
. . 

,
. 

:
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 [1].

, 
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 ( ). 
 [2].

 ( , ) 
 - -
 ( )  (

). 
,  ( ) 

. , 
 [3, 16].

, 
 ( ) , , 

 ( , ) 
.

pF  5, , . 
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. 
, , , 

.

 -  [9-17], 
.

 [11] , , 
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, , 
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, 
. 

.

, ,

, 
θ ( 3 -3) –

Ψ ( . ) :

ab )(1 ψ
θ

−+
−

+= (1)

,  b – . 
:

, , , 
Ψ Ψ ,  -15000  -330 , 

. , .  [10])∗.
. , . , . .

 [14]. . 
 [15] , 

 ( ) 
 50 % ,  (1-5)

. 
 ( ) 

, .  [16].
 [17] 
: 

, 
. 

, , 
, 

 van Geukhtena. 
, 

.
, 

, 
 (Sand, Silt, Clay). 

. 
. . 

.  [13]. -
, , 

. 
, ,  ( ) 

.

∗ =(1,15+0,002(N -1)3,38)* ,
 N  =1,2,….. 9 – . ;

 1  9, , ,
.
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 [13] , 

if
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∑

∑
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=

=

=

N

i
RiiN

i
ii

N

i
iiiN

i
Riib Wf

fW

hSWf
WfWh

1
,

1
0,

1
0,

1
,0

)(
)( ρθ , (2)

W0 –  [ -1];
Wi,0 – i  [ -1];
Wi,R – i  [ -1]; Si(h) –

i ; if  – i
; N –  [ -1].

. .  [10] 
.

. . 
,  ( ), ,

(fi), , . 
 ( ) 

 ( ). 
. 

.

ιεει f•= (3)

i - , i
; fi- i

:

εει =∑
=

=

Ni

i 1
(4)

 N- .
, 

, i , 
, 

. , , 
, , 

, :

i
if

Ni

i

)()(
1

ψ
ιψ ∑

=

=

= (5)

: Mi( )- , i ;
Mi –  i-

. , . . . 
, 

. . 



64

.

. 
: 

, . 
.  768  ( ) 

. ,
, , , , 

 EXCEL.
 - :

)
− ,  7 

− ,  100 3

 -
 ( , .)

− , .
:

(pF 2,0:2,7:3,0:3,5:4,2).  (EXCEL)

 « »  ( ), 
, . 

.
 (  100 3, 

 5 ),  1 . 
,  3 . (  3

),  24 . 
: pF 1,7

=0.05 ., pF 2 = 0,1 ., pF 2,5 = 0,3 ., pF 3,0 =1 ., pF 3,5 =3 ., pF 4,2
=15 ., pF 7 =104 . 

 105°
, .

, ,
 [10],  <ZVAG3-P> «

 -  -
 - 

» ( . ) 
 HydroPhisic ( . 1).

 ( , 
, )  pF , .

, , 
: 

 ( . 2, . 1).
 ( , 

), 
, 

. 

 ( . 2)..
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. 1 -  HydroPhisic 
, 

). 

(PF) ) .
4,18 150,00 0,046 0,066 0,091
3,48 30,00 0,077 0,109 0,131
3,00 10,00 0,122 0,174 0,169
2,48 3,00 0,184 0,262 0,201
2,00 1,00 0,283 0,402 0,216
1,70 0,50 0,309 0,438 0,255

) :
, ;

;
.

−  -3…1 
−  1…0,5 .
−  0,5…0,25 .
−  0,25…0,05 .
−  0,05…0,01 .
−  0,01…0,005 .
−  0,005…0,001 .
−
−  >0,001 
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 1 - 

, ,
.- ., , , 

, , ,
3) pF .  %

4,18 0,028 0,084 -0,06 -67
3,48 0,036 0,109 -0,07 -67
3,00 0,076 0,134 -0,06 -43
2,48 0,232 0,161 0,07 44
2,00 0,419 0,180 0,24 133

 2004,  2, 95-116 0,50 1,32

1,70 0,464 0,246 0,22 89
4,18 0,037 0,122 -0,09 -70
3,48 0,061 0,155 -0,09 -61
3,00 0,123 0,202 -0,08 -39
2,48 0,286 0,232 0,05 23
2,00 0,456 0,250 0,21 82

 2004,
 3, 0-30 0,53 1,25

1,70 0,497 0,294 0,20 69
4,18 0,099 0,131 -0,03 -24
3,48 0,129 0,189 -0,06 -32
3,00 0,198 0,241 -0,04 -18
2,48 0,324 0,275 0,05 18
2,00 0,387 0,342 0,05 13

 2004,
 1, 97-123 0,42 1,54

1,70 0,403 0,363 0,04 11
4,18 0,121 0,145 -0,02 -17
3,48 0,167 0,184 -0,02 -9
3,00 0,251 0,210 0,04 20
2,48 0,330 0,277 0,05 19
2,00 0,382 0,339 0,04 13

.,

, 

. 

 2004,  3, 115-130 0,41 1,56

1,70 0,395 0,390 0,01 1
4,18 0,034 0,034 0,00 0
3,48 0,043 0,066 -0,02 -35
3,00 0,110 0,108 0,00 2
2,48 0,325 0,146 0,18 123
2,00 0,433 0,178 0,26 143

 2003,
 4, 80-120 0,47 1,42

1,70 0,457 0,205 0,25 123
4,18 0,063 0,108 -0,05 -42
3,48 0,080 0,159 -0,08 -50
3,00 0,104 0,199 -0,10 -48
2,48 0,154 0,220 -0,07 -30
2,00 0,289 0,243 0,05 19

 2006,
, 28-68 0,34 1,75

1,70 0,320 0,283 0,04 13
4,18 0,070 0,112 -0,04 -38
3,48 0,147 0,170 -0,02 -14
3,00 0,274 0,219 0,06 25
2,48 0,373 0,269 0,10 39
2,00 0,445 0,349 0,10 28

.

,

 2003,
 56, 55-82 0,48 1,37

1,70 0,463 0,372 0,09 24
4,18 0,080 0,050 0,03 60
3,48 0,118 0,090 0,03 31
3,00 0,191 0,110 0,08 74
2,48 0,318 0,220 0,10 45
2,00 0,410 0,250 0,16 64

 2004,  1, 0-37 0,45 1,47

1,70 0,432 0,320 0,11 35
4,18 0,092 0,136 -0,04 -32
3,48 0,144 0,176 -0,03 -18
3,00 0,236 0,194 0,04 22
2,48 0,364 0,267 0,10 36
2,00 0,470 0,299 0,17 57

.

,
.

.  2004
 1, 37-74 0,53 1,25

1,70 0,498 0,358 0,14 39
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)

0,0
0,5
1,0
1,5

2,0
2,5

3,0
3,5

4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50

, 

pF

.

)

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55

, 

 p
F

.

)

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45

, 

pF

.

)

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45

, 

pF

.

pF

pF

A)

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
, 

pF

.

)

0,0

0,5
1,0

1,5
2,0

2,5
3,0

3,5
4,0

4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35
, 

 p
F

.

)

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
, 

pF

.

)

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5
4,0
4,5

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50

, 

pF
.

. 2 -  pF, ,
 HydroPhisic



68

. 2

:
1. 

 ( . ), ,
.  [10]  EXCEL,

 (
), , 

.
2.  HydroPhisic 

.
3. 

.  [13] 
,  (sand,

silt, clay).

:

1. . , . Website http://www.water-
salt.nm.ru

2. .
//, . . . «

» /
. . – , 2007 2010\sb-07_1_31.htm

3. . 
. (

) http://www.tarsu.kz/lib/arxiv/Vestnik-2003/%B91%202003%E3/Axmetov.doc
4. . . – .: , 2005. – 432 .
5. . 

. – .: , 1987. – 428 .
6. ., ., . 

 // . . - 1988. -
 11. - . 40-42.

7. . 
 // . – .:

, 1986. . 308. . 39-45.

,
, 

:

) -  2003 .,  4, . 80-120 , ,
 0,47,  1,42 3;

) -  2006 .,  B, . 28-68 , ,
 0,34,  1,75 3

.,

. ,
 2004 

) –  2, . 95-116 , ,  0,50,
 1,32 3;

) –  3, . 130-200 , ,  0,47,
 1,42 3

.
,

. . ,
 2004 .

) –  1, . 0-37, ,  0,45 ,
 1,47 3

)  1, . 37-74 , ,  0,53,
 1,25 3

,

. ,
 2004 .:

) –  1, . 97-123 , ,  0,42
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.
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 - -

 - . 1. 
2008 . . 
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 2 .

.
, 

, 
.

. 1.

 1

, 
. V  . V

5 18,8 27,7 0,15 18,7 2,0 0,1115.07.08 10 19,0 2,6 0,14 18,8 1,2 0,06
18,8 2,65 0,145 18,8 1,6 0,09

5 21,3 3,0 0,14 21,2 2,3 0,119.08.08 10 20,5 2,8 0,14 21,6 1,1 0,05
20,9 2,9 0,14 21,4 1,7 0,08

5 17,9 1,8 0,10 18,2 2,0 0,1118.09.08 10 18,1 1,0 0,06 18,8 0,9 0,05
18,0 1,4 0,08 18,5 1,45 0,08

: . ,0 ; - 
,0 , V.- 

, .

. 1 .  (15.07),

, , 
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 (9.08) 
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 – 0,08  0,14. 
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, %,
2)

0-50 , %,
3)

,  ( 4)

15.07 19 30 50 16 0,80
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=3,17+6,53*10-6
1–8,7*10-2

2+0,39 3+17,4 4,

: R=0,89; R2=0,794; 
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. 1.

 1 - 

, 

, % , %
 

, , 
2

, 
2

-
 1

 

-
, 

3

I 23,5 1 0,5 0,00063 0,025 381 2,3 149
II 16,0 17 1,1 0,0044 0,027 371 2,7 133
III 14,5 29 2,1 0,0033 0,039 271 3,2 85
IV 12,5 21 6,3 0,0041 0,020  1,4

 2 - 
) ( . , . , . , 1987)

-

I , 

II , 
dw>0,004 

III  (>5 %), 
, dw<0,004 

IV  (>5 %), dw<0,004 

 3 - 

,

, 0,6-1,0 0,3-0,6 0,2-0,35  0,1  0,1

, 1,5-3,6 0,5-1,5 0,25-0,55 0,15-0,25 0,12
,

) 
3-4 . 1 2 3-4 4-6 

, 
, 

, .
, 

, 
.

, 
. 
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)  ( )
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 (  10 ) ;
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•  2,5  5,0  - 

;
•  II :  1,5  2,0  -  3-5 ;
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