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Abstract

The purpose of the scientific article is the implementation of an important part of the
agricultural spatial data infrastructure, planning of the domestic economy using geographic
information systems (GIS). Taking this direction into account, the work examines the following main
elements of designing the domestic economy: location of settlements and economic centers; design
of internal roads; placement of external engineering networks; use of types of land reclamation for
agricultural purposes; allocation of land for the construction of roads of various categories of local
importance; placement of agricultural machinery in land use; conduct a technical and economic
analysis of the effective use of road junctions and reclamation works as an engineering structure, as
well as systematize the engineering and geodetic process necessary to implement these studies based
on GIS technologies. With the help of geographic information systems technologies, it will be
necessary to determine the following directions of engineering and geodetic equipment of the
territory: Information about road transport and roads, Roads in plan, longitudinal and horizontal
profiles, Driving through bodies of water and bodies of water on the road, Road surfaces, Road
surveys and design of agricultural roads, The basic principle of organizing the construction,
maintenance and repair of agricultural roads.

Keywords: infrastructure of agricultural spatial data, design of the domestic economy,
Geoinformation systems, technologies, geodetic-engineering process, research, region, technical-
economic analysis, main elements.

Introduction

When creating the “National Spatial Data Infrastructure” [1] of the Republic of Kazakhstan, its
sectoral component “Agricultural Spatial Data Infrastructure” [2], it is necessary to design the
domestic economy, including the accurate determination of transport costs in the transportation of
agricultural products, the effective placement of road junctions. Therefore, the use of geographic
information systems for the effective location of road junctions, as well as the use of geographic
information systems in determining the location of road construction in the first place, is a very
pressing issue at the present time. The design of internal roads is an important part of internal land
use planning. In addition, a land surveyor, depending on his responsibilities, divides land for the
construction of roads of different categories, so it is necessary to have a good knowledge of the main
elements of a road as an engineering structure [1 — 5].

With the help of GIS technologies, it will be necessary to determine the following directions of
engineering and geodetic equipment of the territory [2; 6 - 8]:

1. Information about road transport and roads.

2. Roads in plan, longitudinal and horizontal profiles.

3. Driving through bodies of water and bodies of water on the road.
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4. Road surfaces.

5. Road surveys and design of agricultural roads.

6. The basic principle of organizing the construction, maintenance and repair of agricultural
roads.

Methods and materials

The purpose of the scientific article is the use of various types and technologies for reclamation
of agricultural land using GIS technologies and the research necessary for the placement of utilities
in the complex and on the territory - roads and external utility networks. local significance.

The location of the farm plot under consideration, the feasibility of irrigation and the intended
purpose of the planned irrigated plot are indicated. Climatic conditions (air temperature, precipitation,
lack of air humidity), evaporation, snow cover and the onset of frost for each ten-day period of the
growing season and days of the average daily air temperature change by 5 and 100 s and using an
agroclimatic reference book and 3-4 applications the sum of active temperatures is determined air
during the growing season. In addition, the degree of humus content, the amount of available
nutrients, particle size distribution, the depth of groundwater and its mineralization, as well as the
water-physical properties of the soil are described as follows [4; 9 — 12].

The design of the pond is carried out taking into account the economic and economic feasibility
of the rational use of water and land resources of the farm territory, taking into account the
topographic-geological, hydrological and hydrogeological conditions of the local area, as well as
sanitary and natural conditions. protection requirements.

The following indicators are used [13 — 18]:

1. Purpose of the pond: irrigation of agricultural crops on an area of 200-600 hectares with the
estimated volume of water; for rural water supply and livestock farming, fish farming or waterfowl
breeding;

2. Plan of a beam for constructing a pond and dam for irrigation and the adjacent area on a scale
of 1:2000 or 1:5000 with a cross-section of 0.5-1 m;

3. Plan of the arch, pond water collection area on a scale of 1:25000 or 1:50000;

4. The long-term average value of local surface runoff is 75% with a probability of exceeding
the calculated runoff, and with a good study of the territory this figure is reduced to 50%. This means
that 75 or 50 years 100 melt waters are equal to or exceed the calculated value and ensure that the
pond is completely filled with water;

5. The depth of the timber under the pond should be from 6 to 12 m, since a small amount can
quickly settle, the water can be warmed by the sun, and it can be filled with vegetation;

6. The longitudinal slope of the beam for constructing a pond should be in the range of 0.005-
0.006;

7. The bottom and slopes of the beam must consist of impermeable clay, heavy clay or clayey
soils;

8. The dam beam is located perpendicular to the horizontal (banks) in the narrowest part of the
beam, which ensures a minimum amount of excavation work during the construction of the dam;

9. In order to prevent erosion of the dam body, in the presence of springs, the outlet of the dam
should be slightly lower than the outlet;

10. Ensure the maximum capacity of the pond with a minimum water level and minimum
excavation and economic costs per 1 m3 of water. If there is more than 15-20 m3 of water per 1 m of
a pit for a dam, this is considered economical;

11. When placing a pond on local land, it is necessary to prevent water pollution from nearby
livestock farms, storage complexes for mineral fertilizers, pesticides, as well as flooding due to rising
groundwater levels and populated areas.

One of the main directions of the article is the determination of hydrological conditions using
GIS technologies. The drainage basin is part of the territory. Surface local runoff enters the designed
reservoir above the dam site. It is limited by the watershed line from the axis of the dam, which is
marked on the plan at right angles to the horizontal. This line represents a watershed; inside it there
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is a drainage area, which can be determined by digital, planimetric or geometric methods, expressed
in square kilometers (Fig. 1) [19 -20].

1 — water body; 2 - axis of the dam.
Figure 1. Cross-section of the pond's catchment area

The hydrological report determines the volume of meltwater runoff from the pond's catchment
area. Taking into account the average long-term norm of spring runoff in the region under
consideration, as well as the coefficient of variability (variation) of this value (0.6-0.7 for the right
bank; for the northern left-bank microdistricts) 0.7 region; central left bank 0.8 and south-eastern
microdistrict 0.9) and calculate the modulus coefficient, spring runoff layer and volume of spring
runoff of a given probability of exceeding a certain coefficient of variation of spring runoff (Table 1)
[14 - 20].

Table 1. The quantity and volume of spring flow entering the pond with a catchment area of 82
km?2. Volume of spring flow probability of overflow, WP, thousand m*

- - Layer of spring flow Volume of spring flow
ProbablIltyPofo/exceedance, Modular éoefflocgent KRat prob)::lbility gf ogerflow, probability 01[‘) ovgrflow,
» 70 V=0 hp, mm WP, thousand m3
0,1 5,30 185 15170
0,5 4,19 146 11972
1 3,71 129 10578
3 2,94 103 8446
5 2,57 90 7380
10 2,06 72 5904
25 1,37 48 3936
50 0,80 28 2296
75 0,42 15 1205
80 0,35 12,3 1008
90 0,21 7,3 598
95 0,13 4,5 369
99 0,04 14 115

The volume of water with the calculated probability of exceeding the spring runoff layer, flow
from the catchment into the pond is calculated using the following formula [14 — 20]:
W=1000- F-hp; 1)
where W — is the volume of water, m?; 1000 — replacement coefficient; F-catchment area, km?;
HP —layer of the spring with the probability of overflow, mm.
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The layer of spring wastewater on the territory of the farm under consideration in the area with
a probability of 50 and 75% of its average annual value exceeding 35 mm (presence of runoff) will
be, respectively, as follows:

hp 50% = Cr hay = 0.80 35 = 28 mm;

hp 75% = Cr hay = 0.42 35 = 15 mm.

Let us determine the volume of runoff for a catchment area of 82 km?:

- with a 50% probability of exceeding

Wp 50% = 1000-82-(0.80-35)=2296000m?;

- with a probability of exceeding 75%

Wp 75% = 1000-82-(0.42-35)=1205400m°.

Using the indicators in Table 1, a theoretical curve of the volumetric flow of a spring with
different probability of overflow (providing flow) is formed (Figure 2).
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Figure 2. Volume of spring runoff from the catchment taking into account the
probability of overflow.

By carrying out water management calculations when designing a pond, characteristic levels
and volumes of water are established. The volume level represents the unused volume of water in the
pond and serves to collect sediment and overwinter fish for 30-50 years. The depth of the dead water
volume is taken to be at least 2-3 m compared to the bottom of the dam and the pond mark.

To determine the actual permissible period of pond siltation, the annual volume of siltation
should be calculated using the formula [14 — 20]:

Vo = VX B-u; (2)

where Vo — is the annual volume of wetting, kg; Vx% — annual water consumption, estimated
forecast probability (supply), m3; B — the number of floating particles in 1 m® of water, kg (0.5-1);
u — sediment porosity coefficient (1.1-1.5).

Normal Support Level (NSL) - This pond is completely filled normally and is located at the
bottom of the drainage prism. The height of the drainage prism, that is, the calculated layer of
permissible water above the mark, is the water level at which the pond is completely filled normally
and is located at the mark of the lower part of the drainage prism. The height of the drainage prism,
that is, the calculated layer of permissible water above the mark, is the water level at which the pond
is completely filled normally and is located at the mark of the lower part of the drainage prism. The
height of the drainage prism, i.e. the calculated layer of water allowed above the mark for water
drainage during a flood, is 1-1.5 m.

The forced (maximum) water level is the level observed during the design flood or pond flood.
Its sign is placed 1 m below the dam crest, at the level of the height of the discharge prism, that is, 1-
1.5 m above the normal support level, taking into account waves (Fig. 3) [14 — 20].
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Figure 3. Water levels of ponds and reservoirs.

In the topographic description of a pond or reservoir, a graphical representation of the areas of
the water surface S=f(H) and the volume of water W=f(H) is made depending on the filling from the
lower horizon to the horizontal corresponding to the normal level of support for the pond. To do this,
a territory bounded by a horizontal line and a dam embankment is determined on the pond plan.
Drawing the topographic curves of the pond makes it possible to carry out hydrological calculations
and use them in the subsequent operation of the pond, since it is possible to determine the volume of
water in the pond and the area of the groundwater table. depending on the water depth (Table 2) [14
—20].

Using these calculations, topographic curves of a pond or reservoir are drawn. To do this,
horizontal marks of the area of the groundwater table are placed on the ordinate axis, as well as on
the abscissa axis, to determine the curve S=f(H) depending on the depth of filling of the reservoir.
The construction of the second topographic curve of the dependence of water volume on the depth of
the pond and reservoir is carried out in a similar way.

Table 2. Calculations for constructing topographic curves of ponds and reservoirs

Avrea of the groundwater table, ha Increase in volume of
Hori Depth of Difference between water
orizontal Average . water to a
designa- water at the horizontal between horlzc_)ntal volume, given horizon
X dam (H), m . designations, m thousand. 3
tions horizontal e thousand.m
415 0 0 0,20 0,5 1,01 0
420 0,5 0,40 1,05 1,0 10,57 1,01
43,0 15 1,71 2,87 1,0 28,70 11,58
44,0 2,5 4,03 5,30 1,0 53,05 40,28
45,0 3,5 6,58 7,83 1,0 78,35 93,33
46,0 4,5 9,09 11,07 1,0 110,75 171,68
47,0 5,5 13,06 15,06 1,0 150,60 282,44
48,0 6,5 17,06 19,57 1,0 195,75 433,04
49,0 7,5 22,09 24,57 1,0 245,70 628,79
50,0 8,5 27,05 29,54 1,0 295,45 874,49
51,0 9,5 32,04 35,06 1,0 350,60 1169,94
52,0 10,5 38,08 35,06 1,0 350,60 1520,54
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Results and discussion

Thus, according to the level of the topographic curve of the dead volume of water in the pond,
the water depth at the dam is 43.5 m, the horizontal mark corresponds to 2 m, while the area of the
groundwater level is 2.87 hectares, the water volume is 28.7 thousand m3. The progressive (highest)
level of water support is located 1 m below the dam crest, i.e. The area of the groundwater table is
35.06 hectares. and the volume of water is 1170 thousand m?, it is located at the horizontal level of
51.0 [14 — 20].

Normal level of support (NLS), i.e. the total calculated volume of the pond is 1 m below the
NLS, i.e. 50.0 at the horizontal level, which corresponds to the formation of a mirror water basin with
an area of 27.05 hectares with a volume of water. volume 874.5 thousand m?®.

When calculating various items of water consumption, it is taken into account that the total
estimated volume of the pond consists of: 1 — useful volume of water (Wuserur) for irrigation and water
supply; 2 — dead water volume (Wpbwv); 3 — volume of water loss due to evaporation and filtration
(Wloss) [14 — 20]

WiiLs = Wuseful + Wpwy + Wigss; 3)

When constructing a pond for land irrigation, the cost of supplying water to the village and
livestock complex (Wwater) is assumed to be approximately equal to 10 percent of the total estimated
volume of the pond (WcTp).

Water losses due to evaporation and seepage are determined by the following formula:

Wuseful = (hpercolation + hevaporation)' Savg-; (4)

where: hpercolation 1S the layer of water loss per percolation per year, m. This value depends on
the water permeability of the soil: 0.5 and 0.7 m for clayey and heavy clayey soils, 1.0 m for medium
clayey soils and 1.5-2, 0 m for sandy and sandy loamy clay soils. hevaporation — layer of water
consumption for evaporation, m. It is assumed that this value is equal to evaporation over this area
and a small area. 0.6-0.7 m for forest-steppe, 0.7-0.8 m for black earth steppe; dry brown steppes 0.8-
0.9 and semi-deserts 0.9-1.0 m.

The average water surface area of a pond (S,y,) is determined by the following formula:

S _ SDWVFSNLS (5)
avg 5

The amount of water that can be used to irrigate the land (Wirrigation) is determined by the
following formula:

Wil‘rigation =W DWV — (WNLS + Wloss + Wwater), m3 (6)

The approximate area of irrigated land (Savg) is determined as follows:

Wi
S — water’ ha 7
avg Mgross ( )

where Mgross IS the weighted average total irrigation rate for agricultural crops in crop rotation,
taking into account water consumption in canals, pipes, m*/ha.

Mgross = 2, m*/ha 8)

where Myt is the net-weighted average rate of irrigation of agricultural crops in crop rotation,
allocated to irrigated fields without taking into account losses, m3/ha. This value depends on the type
of plant, the type and degree of aridity of the region, microregion. 1500-1800 m*/ha for forest-steppe
conditions, 1800-2000 m*/ha for chernozem steppe, 2200-2500 m3/ha for dry brown steppe and 2500-
2800 m?/ha for deserts; n — coefficient of beneficial effect of the irrigation system. In an open
irrigation system with surface watering, 0.6-0.7 is taken, and in a closed irrigation system - 0.8-0.9
with sprinkling.

According to Table 2, the amount of water in the pond is 874.5 thousand m? at the normal
support level (NSL), and 28.7 thousand m3 at the dead volume level (LDV).

Wioss = (0.9 m+0.7 m) - 149600 m? = 23936 m?®. (9)

Approximately 10% of the volume of water used for water supply is taken as the normal

reference level (NRL) in the eastern pond.
Wiater=874500- 0.1=87450 m®.
Substituting the values into formula (6), we find the volume of water for irrigating the land:
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Water=874500—(28700+239360+87450)=518990 m?.

The weighted average irrigation rate is 2350 m®/ha, the efficiency coefficient of the irrigation
network is 0.8, the weighted average irrigation rate is gross.

Conclusion

In conclusion, it should be noted that an important part of the agricultural spatial data
infrastructure, designing a domestic farm, using GIS technologies, is to obtain a working design of a
pond on a farm at the place of residence, natural and economic conditions, and soil and hydrological
conditions. and climatic characteristics of the farm territory, as well as the irrigated crop rotation
scheme adopted on the farm. In addition, the correct definition of engineering and geodetic processes
is necessary to accurately determine transport costs when transporting agricultural products, quality
placement of road junctions and evaluation of land development project options. From space using
the ArsGIS program digitalization of a populated area by combining captured images and a situational
plan of the area we can create [20]. Therefore, the use of GIS is a very pressing issue at the moment,
to conduct a technical and economic analysis of the effective location of road junctions when placing
settlements and economic centers in land use, as well as where to build roads in the first place. Using
GIS technologies, it will be necessary to determine the following areas of engineering and geodetic
equipment of the territory: information about road transport and roads; roads in plan, longitudinal and
horizontal profiles; crossings over water bodies and water bodies on the road; road surfaces; road
research and design of agricultural roads; the basic principle of organizing the construction,
maintenance and repair of agricultural roads.

Gratitude: The work was financed under the scientific and technical program “Formation of
spatial data infrastructure of the Republic of Kazakhstan using technologies and principles 2.0”
(individual registration number — BR 22886730) within the framework of targeted funding from the
Ministry of Agriculture of the Republic of Kazakhstan.
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NH)KEHEPHO-TEOJIE3UYECKOE UCCIIEAOBAHUE TEPPUTOPUUN
C UCIIOJIB3OBAHUEM 'EOMH®OPMALIMOHHBIX CUCTEM

Annomauusn

Ilenpr0 Hay4yHOUW CTaTbU SBIIACTCS HCIIOIB30BAHME PA3JIMYHBIX BHUJIOB M TEXHOJIOIUI
MEJMOpPALlMM  3€MENIb  CEJIbCKOXO3MCTBEHHOIO HA3HAYEHUS C HCIOIb30BAHHEM TEXHOJIOTHH
reonHpopmarmonHsix cucteM (I'MC) u nHXeHepHO-Te0Ie3NIEeCKUX UCCIeI0BaHUN, HEOOXOAMMBIX
JUTSL pa3MEIICHUS] HHKEHEPHBIX KOMMYHUKALIMI JTOPOT M HAPYKHBIX MHXKEHEPHBIX ceTeil. [loatomy
UCMOJIb30BaHUE TE€OMH(DOPMAIIMOHHBIX CHCTEM I 3((EKTUBHOIO PACIOJIOKEHUS JOPOKHBIX
pa3BsI30K, a TaKK€ HCIOJIb30BaHUE TE€OMH(POPMAIIMOHHBIX CHUCTEM TMpU OINpeAeNeHUH MecTa
CTPOUTEIBCTBA JOPOTH B IIEPBYIO OUEPENb SBISAETCA BECbMa aKTyaJbHBIM BOIIPOCOM B HACTOSILEE
BpeMs. [ IpoekTpoBaHye BHYTPEHHUX JOPOT SBJISIETCS BaKHOM YaCThIO INIAHUPOBAHUS BHYTPEHHETO
3emJienoap3oBaHusa. KpoMe TOro, HHKEHEp-3eMJIEyCTPOUTENb B 3aBUCHUMOCTH OT CBOMX
00si3aHHOCTEHN pa3fenseT 3eMJu JUIsl CTPOUTENbCTBA JIOPOr pa3HBIX KaTeropuil, MO3TOMY
HEOO0XO/IMMO XOpOIIO 3HaThb OCHOBHBIE JJIEMEHTHI JOPOTM KaK WH)XEHEPHOro coopyskeHus. C
nomouipto ['MC-texHonoruit HeoO6xoaumo OyneT ONpeNeinuTh CIEAYIoIUe HalpaBIeHUs
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MH)KEHEPHO-TEO0Ie3MUECKOro 000pYyIOBaHUs TEPpUTOpPUH: HHPopManus 00 aBTOMOOHIBHOM
TPAHCIIOPTE H JIOPOTax, JOPOTH B IJIaHE, IIPOAOIEHOM U TOPU30HTAIEHOM NPO(UISIX, IPOE3 bl 4epes
BOJIHBIE OOBEKTHI U BOJIHBIE OOBEKTHI Ha JIOPOTe, TOPOKHBIE TOKPBITUS, TIOPOKHBIC U3BICKAHUS U
IPOEKTHPOBAHUE CEIILCKOXO3IUCTBEHHBIX JOPOT, OCHOBHOM MPUHIIMII OPTraHNU3allMi CTPOUTEIbCTBA,
COZIep KaHUsl M PEMOHTA CEJIbCKOXO35HCTBEHHBIX JIOPOT.

Knrouegvie cnosa: nudpactpykrypa arpapHbIX IPOCTPAHCTBEHHBIX TAaHHBIX, TIPOSKTUPOBAHHUE
BHYTPEHHEN SKOHOMHUKH, T€OUH(OPMAIIIOHHBIE CUCTEMBI, TEXHOJIOTHUS, UHKEHEPHO-TEO0Ie3NIECKUN
IPOILIECC, UCCIIEA0BaHNE, PETHOH, TEXHUKO-3KOHOMHYECKHUN aHAJIN3, OCHOBHBIE JIEMEHTHI.
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} T'EOAKITAPATTEBIK KYWEJEPAI HANJAJTAHY APKBLIBI
MAWJAJAHBLUIATBIH AYMAKTBI MH)KEHEPJIIK-TEOJE3USIIBIK )KABJBIKTAY

Anoamna

FbuiblMM MaKasaHbIH MaKcaThl arpapiblK KEHICTIKTIK JepeKTep HH(PPaKyphIIbIMbIH MaHbI3 bl
Oeutiri, IMKIMapyamsUIBIKTE K00amayapl reoaknapaTTeik xyienepai (I'AXK) maiimanany apKbUibl
opbiHAay. Ochbl OarbITThI €CKEpe OTBIPBIN, KYMbICTA 1HIKIIIAPYaIIbUIBIKTHI jK00aIayAblH MblHaIAH
HETI3T1 DJIEMEHTTEPl KapacTHIPBUIFAH: €I MEKCHJIep MEH IapyamblUIblK OpPTAIBIKTapbIH
OpHANACTHIPY; IMIKIMIAPYAIIbUIBIK >KOJI TOpaNnTapblH >k00anay; CBHIPTKBI HHXKEHEPIIK Keniaepii
OpHANIaCTHIPy; aybll MIAPYaIlIbUIBIFEI MAaKCATHIHIAFBI JKEpIIEpIi MEIHOpalUsUIayIbIH TYpJepiH
naiianany; >KeprulikTi MaHbI3bl Oap opTypili KaTeropusulbl aBTOMOOMIIb >KOJIJaphbl CAJIbIHATBHIH
xKepiaepai Oery; Kepal NaijanaHyla aybul LIapyalllbUIbIK KaOJIbIKTapblH OpHAJIACTBIPY; KOJI
TOpPANTapblH JKOHE MEJMOPATHBTIK JKYMBICTApJbl HMHXKEHEPIIK KYPBUIBIC pETIHAE THIMII
naiilaanpuTy YIIH TEXHUKA-9)KOHOMHKAIIBIK TaJAay jKacay JKOHE JIe aTalFaH 3epTTeyJepai Ky3ere
achIpy/ia KaXXeTTl I'e0/1e3UsUTbIK-UHKEHEPIIIK MPOLECCTI TeoaKnapaTThIK XKyHenepi TeXHOITUsIapbl
HeTi31Hae XyHheney. ['eoakmapaTThIK KyHenepal TeXHOJOTHUsUIAphIH TMaildalaHbIl, TEPPUTOPHUSIHBI
MH)KEHEPIIK-Te01e3UsIIbIK KaOAbIKTay YILIIH TOMEHJErijiell cajanap/bl aHbIKTay KaKeT Ooiajbl:
ABTOMOOWJIb TachIMaJIapbl MEH KOJIAPHI Typaiibl MaiMeT, [lmanmarsl, OOMIBIK KOHE KOJJCHEH
npodunbaepaeri sxongap, JKongarbl cyOyFbIIITap KOHE CYaKKBIIITAp apKblIbl eTkenaep, Ko
KampuIFbUIapel,  JKom  i3meHicTepl  KOHE — aybUIIAPYAIIBUIBIK — JKOJJIAPBIH  JKOOBLIAy,
AybUTIIapyanbUIbIK KOJIJIAPbIH CaTy,KYTY MEH JKOHCY/1 YHBIMAACTRIPY/IbIH HET13r1 NPUHILIUIII.

Kinmmi ce30ep: arpapiblK KEHICTIKTIK JepeKkTep MHQPaKYpbUIBIMBI, 1HIKIIIAPyallbUIbIKThI
kKobanay, reoaknapaTThIK XyHenep, reoJe3usUIbIK-MHKEHEpIiK MpoLecc, 3epTTeyiep, TeXHHUKa-
SKOHOMUKAJIBIK TaJay, HEri3r1 AJIeMEHTTED.
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