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TRANSFORMATION OF COORDINATES OF GEODETIC NETWORK
WITH USE OF SATELLITE TECHNOLOGIES ON THE EXAMPLE
THE TERRITORY ATTACHED TO THE CITY OF ALMATY

Abstract. This article discusses the method of satellite measurements at the points of the planned and high-rise
justification in the attached territories to the city of Almaty. In accordance with the decree of the President of the
Republic of Kazakhstan dated April 16, 2014 No. 798, land plots from the Almaty region with a total area of
23,200 hectares with 27 settlements located on them and a population of more than 92 thousand people were annexed
to the city of Almaty.

The increase in the territory of the city of Almaty is carried out in order to develop it, ensure security and law
and order, improve the functioning of industrial infrastructure, expand access roads, build social facilities, and bus
stations. The object of research is the Eastern border of the city of Almaty, the land of Kolsay and Sulusay villages,
with an area of 4412.0 hectares. The existing local system of coordinates (further - LCS) the city of Almaty
developed in the 60th years of the XX century was calculated on 20 — 30 years’ development plan for the city. Now
in connection with numerous expansion of borders of the city, LCS doesn't meet requirements imposed to their
accuracy when using modern methods of measurements.

Key words: the local coordinate system, state geodetic points, satellite technology, transformation of
coordinates.

Introduction. Today, for the successful use of LCS in modern conditions of widespread use of
satellite technologies, a number of problems are hindering:

- LCS is a flat rectangular geodetic network, therefore, when expanding the territory to use the local
coordinate system, for example, in the annexed territories, in the territories of nearby cities, airports, the
difference between the values of the parameters measured on the ground and on a large-scale plan
increases.

- When using modern satellite methods to achieve high accuracy, the contractor needs to know
either the parameters of the transition to the spatial geocentric coordinate system, or to the state coordinate
system of 1942 (SK-42), which are closed. Therefore, these works can only be performed in post-
processing mode, subject to the relevant regime requirements. These conditions greatly complicate the
processes of geodetic work and make them economically less efficient.

- In some cases, the city network in the process of their development and expansion of the territories
of economic development was thickened and supplemented by poor quality support networks that do not
meet modern requirements for coordinate accuracy and methods for fixing geodetic points on the ground.

- The accuracy of the local coordinate system created on the basis of the SK — 42 coordinate system
does not meet modern requirements and amounts to 1/50 000—1/150 000 or up to several decimeters at a
distance of 15-20 km [4,5]. In addition, in the process of development of thickening networks in LCS, the
state of things was aggravated by new additional errors. Some points in local coordinate systems have not
been preserved, and in many cases it is not clear on the basis of which support points the technical
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documentation of the engineering infrastructure was created. In many cases, on the borders of the annexed
territories that previously had different local coordinate systems, residuals occur, reaching a meter or
more. These shortcomings are inherent in the local coordinate system due to its significant size, because
there is a problem of distortion during reduction to the plane.

The choice of satellite geodetic measurement method. To date, the geodetic coordinate system
must meet two seemingly difficult compatible basic requirements:

- the coordinate system should ensure the effective use of modern technologies of global navigation
satellite systems (GNSS);

- the coordinate system should provide the maximum possible realization of the potential of geodetic
and cartographic data created to date by using traditional tools and methods.

An effective tool for topographic and geodetic production has proved itself to be the methodology for
determining spatial coordinates by means of satellite geodetic measurements. The homogeneous high
accuracy of urban geodetic networks is achieved by applying reasonable optimal methods for satellite
observations and appropriate methods for processing them, as well as by using the optimal geometry of
the points, their uniform density and the maximum possible combination of old and new geodetic
networks [2].

Static survey is a classic survey method, well suited for all sizes of bases (short, medium and long).
At least two receiver antennas, centered above the points, simultaneously collect measurement data at the
ends of the basis for a period of time.

These two receivers must simultaneously track four (or more) satellites, record data with the same
period and have the same elevation angle. The duration of the measurement session can vary from several
minutes to several hours. The optimal duration of the observation session is determined empirically and
depends on the following factors

- Lengths of the measured baseline.

- The number of satellites in view.

- Geometric factor (Dilution of Precision, DOP).

- The location of the antenna.

- The level of activity of the ionosphere.

- The type of receivers used.

- Requirements for accuracy.

- The need to resolve carrier phase ambiguity.

For base lines, dual-frequency receivers are used. Dual frequency receivers have two big advantages.
First, measurements at two frequencies provide greater accuracy than single-frequency receivers when
determining long bases even during increased activity of the ionosphere (ionospheric storms). Secondly,
dual-frequency receivers require significantly shorter measurement sessions to obtain determinations of a
given accuracy [6].

The coordinates and heights of state geodetic points (hereinafter SGP) located in the north-eastern
border of the city of Almaty: the lands of the village of Almerek should have been used as starting
geodetic points:

- SGP "Pokrovka" class 2 with a height mark from the leveling of class 4,

- SGP "Pervomayskaya" 3 classes with a height mark from leveling 3 classes,

- SGP "Alatau" class 2,

- SGP "Kyzylgayrat" 1st category with a height mark from leveling 4 classes,

- SGP "Pumping" 1 category with a height mark from leveling 4 classes.

As a result of processing the obtained materials of preliminary observations and the calibration of the
initial SGP, the SGP Alatau, the center of which was destroyed at the time of the measurements, was
excluded from the source [7].

Also, when processing the results of GPS measurements in various areas (on the plain and in the
mountains) and the analysis of calibration and network equalization of altitude values, it was concluded
that it is impossible to obtain the heights of the determined polygonometry points with a given accuracy
specification. Therefore, all conducted static GPS measurements were used to obtain only the planned
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position of the polygonometry points of the developed air defense. The altitude values of points of the
developed network are obtained by the combined method. For some points, leveling courses of grade 4
were laid, and the heights of the remaining points were determined by RTK observations with control for
benchmarks and polygonometry points whose heights were obtained from leveling of grade 4 and above.

Using the GNSS Credo software package, processing of satellite geodetic measurements was
performed, according to the measured:

- the distance from the satellite to the receiver by code (pseudorange);

- the distance from the satellite to the receiver in the phase of the carrier frequency (Phase);

- the era (date and time) in which the measurement was made.

It should also be noted that the importance for calculations are ephemeris (satellite orbit parameters).

The initial data were satellite geodetic measurements and ephemeris in the format of Trimble satellite
geodetic receivers. The calculation of satellite geodetic measurements in differential mode is performed.
In this mode, the simultaneous operation of two or more receivers is assumed, with each pair of receivers
working simultaneously forms a baseline — a vector in space that can be calculated from observational
data. The main simulated value in the calculation of the baseline is the double difference of the phase
observations. Simplified positioning equation for phase measurements can be expressed as follows:

@rs = f/c * (prs + with * (8tr + 8ts) + dtr — dion) + Nrs + & (D)

where, ®@rs — the measured value of the phase for receiver r to satellite s; prs — geometrical distance
between the receiver and the satellite; otr, 6ts — corrections of hours of the receiver and the satellite; Nrs —
phase ambiguity (unknown number of the whole cycles of the phase bearing); dtr, dion - tropospheric and
ionospheric delays; € — other factors of influence; f — frequency of electromagnetic wave of the signal; ¢ —
light speed.

Double differences (2) are formed by forming the difference of the equations, first between two
satellites from one receiver (thus compensating for the correction of the receiver’s clock and partly the
influence of the atmosphere), then between two satellites along two receivers (the satellite clocks and, to a
greater extent, the influence of the atmosphere) are compensated . In this case, when forming the
differences, the integer nature of the ambiguity is preserved (3).

®dd = flc * (pdd + Strdd — Siondd) + Ndd + edd Q)

where,
Ndd = Nrlsl Nrls2 — (Nr2s1 Nr2s2) 3)

The preservation of the integer nature of the ambiguity in modeling is one of the factors ensuring high
accuracy in calculating the baseline. In the calculation, equations of double differences are formed, the
unknown of which are the corrections to the coordinates of the determined receiver and the values of the
ambiguities. Solving the system of equations using the least squares method, we obtain the values of the
ambiguities at which the sum of the squared corrections (VTPV) is minimal. However, these values are
not integer, which does not correspond to the initial definition of ambiguity. Each rounding of the
parameter obtained by solving the system of equations leads to a departure from the minimum VTPV. The
problem is to find a set of ambiguities that leads the solution in the least way away from the minimum
VTPV obtained by the least squares method and to prove that this set is indeed optimal. The criterion for
the acceptability of an integer solution is the ratio. Each of the integer sets of ambiguities - candidates
takes the solution away from the minimum VTPV by dVTPV. The ratio is obtained as the quotient of
dVTPV (best candidate) / dVTPV (second best candidate). Thus, the larger the ratio, the more reliable the
obtained integer solution can be considered true. If the ratio is greater than the threshold, the final
calculation of the baseline is performed provided that the ambiguities are fixed (fixed solution), if less
than the threshold, the solution obtained by modeling the ambiguities remains - a floating solution [8].

After importing the statistical satellite measurement data, the baselines between the SGP points are
calculated: Nasosnyi-Kyzylgairat, Nasosnyi-Pokrovka, Pokrovka-Kyzylgairat, Nasosnyi-Pervomaika,
Pervomaika-kyzylqairat, Pervomaika-Pokrovka which is shown in figure 1.
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Figure 1 - Scheme of the SGP network of the studied area

Based on the processing of baselines, the following statements are compiled:

- processing of baselines, which contains the results reflecting the quality of the performed GNSS
measurements (UPC and covariance of the elements of the baseline)

- coordinates of points along baselines, containing coordinates in the WGS system of 84 stations

the position of the receivers for points along each baseline, as well as the length of the baseline in
space and the ellipsoidal distance between two stations, obtained by solving the inverse geodesic problem
on an ellipsoid.

The main simulated measurements in calculating the baseline are the double differences of the phase
observations.

With the development of geodetic networks by satellite methods, closed figures can be formed from
vectors, the so-called polygons. Checking the closure of polygons before adjusting the network is a way to
check the quality of the calculation of baselines and reject bad decisions.

Closing polygons consists in summing vectors within a closed shape. In the absence of measurement
errors, the sum of the vectors forming a closed polygon will be zero. In reality, even under good
observation conditions, obtaining zero values. In addition to the quality of the decision of the baselines,
the closure of the polygons also reveals errors in measuring the heights of the receivers.

After processing the base lines, in the presence of redundant measurements or several starting points,
it is necessary to carry out the adjustment of the satellite geodetic network. In the GNSS system,
adjustment is performed in the spatial geocentric coordinate system WGS84, the adjustment results are
reduced to the projection plane of the user coordinate system.

The initial data for adjustment are processed baselines (vectors) reduced to the centers of points and
their covariance matrices, as well as the coordinates of the starting points. The adjustment module
simulates the coordinates on an ellipsoid, which allows you to assign points as initial points in plan and
height separately.

According to the adjustment results, a statement of corrections of equalized vectors and a catalog of
coordinates of the equalized points are shown which are shown in table 1 and 2.

Table 1 - Statement of corrections of equalized vectors

Vector Correction X | Correction Y | Correction Z Norms. Norms. Norms.
correction X correction Y correction Z

nasosnyi-kyzylqairat -0.011 0.003 - 0.005 -3.168 0.520 -0.739
nasosnyi-Pokrovka 0.007 0.008 0.006 0.007 0.008 0.006
Pokrovka-kyzylqairat 0.002 - 0.005 - 0.008 0.657 -0.861 -1.179
nasosnyi-pervomai 0.000 0.007 0.009 -0.026 1.054 1.284
pervomai-kyzylgairat 0.000 0.010 0.031 0.044 1.199 3.554
pervomai-Pokrovka 0.001 0.003 - 0.004 0.320 0.421 - 0.596
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Table 2 - Catalog of coordinates of equalized points

Name Coordinates, m H (ell)
N E H
Pokrovka 4810726.660 660950.703 586.880 586.880
kyzylgairat 4801558.739 674802.845 769.999 769.999
nasosnyi 4803889.719 662299.424 607.457 607.457
Pervomaiskaya 4802656.158 656706.149 628.650 628.650
kyzylgairat 4801558.736 674802.842 769.991 769.991

The list of corrections of equalized vectors contains corrections to the components of the baselines
(VAX, VAY, VAZ) obtained from the least-squares solution of the system of parametric correction
equations. Also, the normalized correction calculated by the formula is displayed in the statement:

Vnormi = Vi/ci 4

where o1 — vector component of base line (AX, AY or AZ), by results of three-dimensional equalizing.

After receiving the catalog of coordinates of the equalized points, the point of the State Enterprise
"Kyzylgayrat" was excluded in which the error in the conversion exceeded 5 cm. Coordinate
transformation parameters were determined in the CREDO TRANSKOR software package, where
3 points participated. A graphical representation will help to display project points and show comparisons
of the relative positions of the combined points. Figure 2 shows a visual representation of the calculated
coordinate offsets in the UTM43N coordinate system relative to the local coordinate system.

. Pokrovka

Nasosnyi

Pervomaika

WL 1:100000
Vectorscale:m 1 cm-0.02m

Figure 2 - The difference between the coordinates of the points of the coordinate systems UTM 43N and LCS

According to the results of the search for parameters by the coordinate systems UTM - LCS, we
obtain the accuracy that meets the requirements of regulatory documents:

- the largest planned error is 28 mm;

- the smallest planned error is 7 mm;

- the transition parameter from UTM to the local coordinate system is determined by applying the
Helmert transform method, which is shown in figure 3.
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Figure 3 - Transition parameters from WGS 84 to LCS

Where the fields “x17, “y1” are designated as the coordinates of the starting point in the UTM 43N
coordinate system, “x2”, “y2” are the coordinates of the starting point in the local coordinate system, the
calculated scale factor is displayed in the “m” field, in the “ a "is the value of the angle of rotation [9].

Using the transition key shown in Figure 3, we perform the coordinate transformation, the results of
which are shown in Table 3.

Table 3 - Transformed coordinates of SGP points

Initial coordinate system of UTM Final coordinate system LCS Standart error

Payment
order N Point name N E Point name N E Vn Ve Vs

1 2 3 4 5 6 7 8 9 10
Points participating in determination of parameters
1 Pokrovka 4810726.660 |660950.703 | Pokrovka 18907.970 [2622.040 |0.017 |0.007 0.018
2 Nasosnyi 4803889.719 |662299.424 | Nasosnyi 12073.948 |3989.915 -0.008 |-0.028 |0.029
3 Pervomaiskaya | 4802656.158 | 656706.149 | Pervomaiskaya | 10824.730 |- 1600.680 |-0.008 |0.021 0.022

The proposed algorithm for calculating the parameters of the transition to the local coordinate system
is applicable only for this study area.

The results of the work revealed a number of problems in the state of the existing SGN in Almaty.
Based on the work done, a conclusion is made about the unsatisfactory condition of the existing geodetic
base of Almaty. This is also confirmed by the study of information from various works, the actual state of
network points, used coordinate and high-altitude systems, static GPS observations at points of the state
geodetic network (hereinafter - SGN) of classes 1 and 2, it was decided to make a large number of GPS
observations on points of the SGN in order to identify their suitability for use in the development of air
defense.

According to the measurement results, it was found that determining the relative position of the GHS
and the observed air defense points in terms of and especially in height within the tolerance is possible
only in small local areas.

The initial coordinates of the points used have marginal errors in terms of and in height of the relative
position and orientation. The use of reference stations of different companies located in the city of Almaty
was not used due to the fact that single reference stations in Almaty were determined by various methods
and their spatial position is heterogeneous, which does not contribute to high-quality high-precision
measurements. They are not suitable not only for the development of air defense, but also for the
production of topographic surveys at a distance of more than 10 km from the reference station, and
centering works for capital construction more than 3-5 km.
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Conclusion. Based on the foregoing, there is currently an urgent need to modernize the existing GHS
and create on its basis a new unified frame geodetic network in Almaty using satellite measurements.

Thus, the local coordinate system, to one degree or another, is characterized by the main
disadvantages:

- low and heterogeneous accuracy of the reference geodetic networks;

- the impossibility (due to operational restrictions) to effectively apply modern satellite technology in
the existing local coordinate system.

As a consequence of these factors, a complex of problems arises, without the solution of which the
operation of the local coordinate system is difficult, and sometimes impossible. The problems are related
to the need to determine with high accuracy the parameters of the transition from the local coordinate
system to the state system of geodetic coordinates SK-42. Coordinate errors of the reference geodetic
networks in the LCS, and often the unknown coordinates of the points of these networks in the SK-42
coordinate system, make this requirement quite difficult.

The solution to this problem is very complicated, because the errors of the old local geodetic networks
and the local coordinate system affect. Consequently, there is a need to modernize geodetic structures
(urban geodetic networks) and, on their basis, modernize the LCS of the city, provided that the
discrepancies in the catalogs of local coordinate systems and, accordingly, in the large-scale maps and
plans available, in engineering and legal documentation are minimized.

A. C. Ypazanues!, I'. M. Keiproizoaesal, C. M. Hypakbinos?

'Cor6aes YuuBepcureti, AnMarsl, Kasakcran;
2HMonocdepa unctutyThl, « ¥F3TO» AK, Anmarsl, Kazakcran

AJIMATBI KAJTACBIHA KOCBIJIFAH AYMAK MBICAJIBIHJIA
CIIYTHUKTIK TEXHOJIOTUSIJIAPJIBI TAVJIAJTAHA OTBIPBIII,
TEOJIE3USAJIBIK )KYUEHIH, KOOPJIUHATACHIH TPAHC®OPMAILUSIAY

AnHotanmsa. bByn wmakamama AJnMaThl KanacklHA KOCBUIFAaH ayMaKTapJarbl >KOOANbIK-OMIKTIK HEri3
MyHKTTEPIiHIETI CITyTHUKTIK OJIIey dfici KapacTeipeutansl. Kasakcran PecriyOmukacer [Ipesunentiniy 2014 sXbUTFBL
16 coyipaeri Ne 798 JXapnbireiHa colikec AMaThl KaJlachlHA Kanmbl ayaansl 23 200 ra, oHaa opHanmackaH 27 enmi
MEKEH JKOHE XaJIbIK CaHbl 92 MBIH aJlaMHaH acaThIH XKep ydJacKelepi KOCBUIIHL.

ATnMaThl KalachIHBIH ayMarblH YJIFAHUTy OHBI JaMBITy, KayilCi3AiK IMEeH KYKBIKTHIK TOPTINTI KaMTaMachl3 €Ty,
OHEPKACINTIK HH(PAKYPHUIBIMHBIH JKYMBIC ICTEYiH JKaKcapTy, Kipy MarucTpajbIapblH KEHEHTY, oJIeyMETTiK
00BEKTLIEP/Ti, aBTOBOK3AJAAPAbI CAly MAaKCATBhIHAA XKYPri3iieni. 3epTTey 00BbeKTiCi AJMAThl KAJACHIHBIH IIBIFBIC
mekapacbiHaarel aymarsl 4412,0 ra GonareiH Kescaii sxone Cyutycait aybuinapbl. XX - FacsipabiH 60 >kpuigapsl
a3ipieHreH AJMarhl KalachIHBIH JKEPTiTiKTI KoopauHara dxyieci (Oyman opi - JXKKOK) kamaHbl nambITyabIH
20-30 >KBULABIK JXKOCHAaphIHA FaHa ecenTenreH. Ka3ipri yakpITTa Kaja IIEKapachIHBIH OipHENIe peT KeHEHTimyiHe
OaitnanbicThl, KKK kaszipri 3amanayu omicTep/i maiganany Ke3iHAEri OJNIAp.bIH AQJIITiHe KOMBUIATHIH TajanTapra
kayan Oepmeiini [1].

Kpeno T'HCC GarmapmaManblK MakeTiH KOJMAAHY apKBUTBI CITYTHHKTIK T€OAC3HSIIBIK OIIeYJIep OHISN I, MYHIa
CIYTHHUKTIK TEONE3WsUTHIK ojmeyiiep MeH 3demeprnep Oactamkbl nepekrep 00imbl. CTaTHCTHUKANBIK CITyTHHKTIK
OIIIICyNIep MACPEeKTEepPiH HMIIOPTTaFaHHAH KeWiH KelleCli IYyHKTEp AapachlHAAFbl HETi3Ti CHI3BIKTAp ECemTeNIi:
Hacocupiii-Ke3puraiipar, Hacocubiii - ITokpoBka, ITokpoBka - Kemwiraiipar, Hacocubiii - IlepBomaiickas,
ITepBomaiickas - Ke3euraiipat, Ilepomaiickas - IlokpoBka. bazanslk eHneyaiH HeTi3iHAE >KacajAbl: OPBIHAAIFAH
GNSS emneynepiHiH camachlH KOPCETETIH HOTHXKEIEP/II KAMTUTBIH Oactamnkel chi30anbl exjey naparsl (OKK sxone
0a3aJIbIK 3JICMEHTTEPAIH KOBAPHUAIUSICHI ); SJUTUIICOMT OOMBIHIIIA KePi T'€0IC3UsIIBIK €CEIITI ISy KOJIBIMCH aJIbIHFaH
FapbiaiTarbl 6a3am>11< CBI3BIKTBIH Y3bIHJBIFbI KOHC eKi CTaHIYA apacblHAarbl SJUTUINICOUATHIK KallbIKTBIK, COHBIMCH
Kartap op Oa3anbIK CBI3BIK OOWBIHIAFBI HYKTENEp YIIiH KaOburmay craHimusuiapeiHelH WGS84  skyitecinaeri
KOOpAWHATANapAaH TYPATHIH HETi3r1 KOOPIMHATTAP ITapaFhl.

Bazanbik ecenrtey camachklH TEKCEpy JKOHE AYPHIC eMec MIemiMaepai KaObuigamay YIIiH HOJHTOHAAp JKENiHi
TEHECTIpy alIbIHAAa TYWBIKTANAB. ba3amblK CHI3BIKTApAbl OHAETCHHEH KEHIH JKEPCepiKTIK TeONe3WsUTBIK Keli
teHectipingi. GNSS xyitecinge Tyzery WGS84 KeHICTIKTIK T€OIEeHTPIIIK KOOPAMHAT KYHECIHIEe KYPri3iiai, Ty3eTy
HOTIDKENIEpl TaHJadFaH KOOpIWHATanap >KYHECiHIH NpOCKIMsIaHFAaH J>Ka3bIKTHIKKA oTeli. Ty3eTy HOTIKenepi
OOMBIHIIIA TEHECTIPINTeH BEKTOPJAPABI TY3ETY Typaslbl €cell JKOHE TEHECTIpUIreH HYKTelep KOOpAWHATTaPBIHBIH
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KaTaJorel kacanajapl. Ty3eTUIreH HYKTeNlepAiH KOOPAMHATTAPBIHBIH KAaTaJIOThl JKacal/pbl, KaTeliK 5 cM-JieH acKaH
Kp3puraiipat reoqe3usuIbIK IyHKTIH bl TaCTay Typabl HIeNIiM KaObUTTaH b

UTM 43N sxone KKXK apacsianarsl KoopauHaTagapabl TpacGopManysuiay napameTpiiepiH aHbIKTaya 3 MyHKT
kateickal Kpenmo TPAHCKOP Oarmapiamanblk MakeTiHAe SKyprizuimi. I3gey HoTwkesnepi Oo#bIHIIA ©THENI
napaMeTpiiep aHbIKTAJIbI: €H YJIKeH Kate - 28 MM; eH a3 kare - 7 mM; ConbiMeH Katap, UTM-feH &eprurikti
KOOpJHMHAT JXKYHECiHe aybICy IapameTpi XenbMepT TYPJCHIIPY 9[ici apKbUIbl aHBIKTajalbl. Ajaija, »Keprilikri
KOOpAMHATTAp KYHECIHE KOIy MmapaMeTpIIepiH ecenTey aJrOpUTMi TEK OCBI 3ePTTEY aliMarbIHIa KOJAaHBLUIA b,

Onmey HoTwkenepi OOWBIHIIA JKOCIAPAAFbl TEONC3HSIIBIK IYHKTEp MCEH OaKbUIAaHATHIH HYKTEIEPIiH
CANIBICTHIPMAITBl  TIO3WIISICEIH JKOHE OWIKTITIH aHBIKTAay TEK IIAFbIH ayAaHAapia MYMKIH eKEHIIT1 aHBIKTaJIbI.
JKorapbia aiiThUIFaHAapFa CyHeHe OTBIPBII, Ka3ipri Ke3/ie KOJAAaHBICTAFbl Te0Ie3HsIIbIK JKEITiHI XKaHAPTY HKOHE OHBIH
HETi3iH/le CIYTHHUKTIK OIIIEyIepIi KoJmaHa OTBHIPHIN, AJIMAaTHl KaJachIHBIH XKaHA OipbIHFAl Te0e3HsUTBIK JKENiCiH
KYPY K&XKETTLJIIr TybIHIAWIbI.

Tyilin ce3jep: >KeprijikTi KOOpIMHATA OJKYHeci, MEMJIEKETTIK TeO0Je3HsUIbIK MYHKTTEpP, CITyTHUKTIK
TEXHOJIOTHsIIAp, KOOPIUHATA TPaHC(HOPMALUSICHI

A. C. Ypasamues!, . M. Keiproiz6aesa', C. M. Hypakbinos?

I KasHUTY um. K. 1. CarmaeBa, AMaTsl,
2 UuctutyT nonocpepsr AO «HLIKHUT», Anmmarsl, Kazaxcran

MPEOBPA30BAHUE KOOPJIUHAT I'EOJIE3UYECKOM CETH
C HCNIOJIb30OBAHUEM CIIY THUKOBBIX TEXHOJIOI'MH
HA ITPUMEPE TEPPUTOPUMH, IPUCOEJUHEHHBIX K I'. AJIMATbBI

AHHoTanusl. B naHHOW cTaTke paccMaTpUBAaeTCsl METOJl CIyTHMKOBBIX H3MEpPEHMH Ha IMyHKTax IUIaHOBO-
BBICOTHOI OCHOBBI B IPUCOEIMHEHHBIX K ropofy Anmatsl Tepputopusx. B coorBerctBum ¢ YkasoMm I[Ipesunenta
Pecriy6mmkn Kazaxcran ot 16 anpens 2014 roga Ne 798 x ropogy AnMaThl IPUCOEANHEHB! 3€MeJIbHbBIE YYaCTKH C
AnmMaTtHHCKOH 06nacty odmielt miomaasio 23 200 ra ¢ pacnoiaoXKeHHbBIMU Ha HUX 27 TOCENeHUSIMH U YHCIEHHOCTHIO
HaceneHus 6oiee 92 Thicsd yenoBek [1].

YBenuueHne TeppUTOPHH TOpoaa AIMaThl MIPOBOAUTCS B IEISIX €0 Pa3BUTHA, 00eCHeUeHUs] O€30MaCHOCTH U
MIPABOIIOPSIZIKA, YIIydIIeHHS (PYHKIMOHUPOBAHUS TNPOMBIIUIEHHON HH(QPACTPYKTYPHI, PACIIMPEHUS BBE3THBIX
MarucTpaiei, CTpPOUTENBCTBA COLMATBHBIX 0OBEKTOB, aBTOBOK3aJI0B. OOBEKTOM MCCIIEJOBAHHUS SIBIAETCS BOCTOYHAS
rpaHuna ropoga Aiamarsl, 3emin ¢. Komnbcaii u c. Cymycaii, miomazpio 4412,0ra. CymiecTByromas MecTHasi CHCTEMa
koopauHaT (manee — MCK) ropoma Anmarel, paspabotanHas B 60 rombr XX-Beka, Oblia paccuutana Ha 20-30
JETHUH IUTaH Pa3BUTHA Topoja. B Hacrosiiee Bpemst B CBSI3M C HEOJHOKPATHBIM PACIIMPEHHUEM TPAHUI] TOpoja,
MCK He oTBedaeT TpeOOBaHHUSIM, NMPEABSIBISEMBIM K MX TOYHOCTH IPH HCIOJB30BAHUM COBPEMEHHBIX METOJIOB
HU3MEpeHuH.

C mnpumenenueM nporpammHoro kommuiekca Kpeno I'HCC Obuta BbImoiHeHa 00paOOTKa CITyTHHKOBBIX
Te0/Ie3NYECKIX H3MEPEHMH, TJe MCXOAHBIMH JAaHHBIMH ITOCTY)XWJIM CIYTHUKOBBIE T€0J€3MYECKHE W3MEPEHHUs U
a¢emMepuabl B hopMaTe CIIyTHHKOBEIX T€0JIC3NYECKUX MpHeMHUKOB Trimble.

[locne mMmopTa NAaHHBIX CTATUCTHYECKUX CIyTHHKOBBIX HM3MEPEHHMH pPacCUMTaHbI 0a30BbIC JMHUHM MEXIY
nynkrtamu [TTI: Hacocueiii - Kebuiraiipar, Hacocuslii - IlokpoBka, IlokpoBka - Kei3buiraiipar, HacocHslil -
[epBomaiickas, [lepBomaiickas - Ke3putraiipar, [lepBomatickas - [TokpoBka. Ha ocHOBe 00paOoTKH 0a30BBIX JIMHUHI
COCTaBJICHBI: BEIOMOCTH 00pabOTKM 0a30BBIX JHMHHH, KOTOpas COIEPKHUT pEe3yIbTaThl OTpakaollee KadecTBO
BeimosHeHHBIX GNSS-uzmepenwnii (CKIT 1 koBapuanuu 3JeMeHTOB 0a30BOM JIMHUM); BEAOMOCTh KOOPJAWHAT TOYEK
Mo 0a30BbIM JIMHUAM, COIEpIKaIIas KOopAuHATh B cucteMe WGS 84 craHiuil cTOSHUS MPUEMHUKOB TSI TOYCK I10
KaxJ0i 0a30BOii JIMHKUH, a TAKXKE JUIMHY 0a30BOW JIMHUW B NPOCTPAHCTBE M AJUIMIICOMIAILHOE PACCTOSIHUE MEXIY
JIBYMSI CTAaHLIMSIMH, TTOJY4E€HHOE MYTEM pellIeHHs] 00OpaTHON reo1e3n4ecKol 3a/1auy Ha JJIIMIICOUIE.

BeirosiHeHO 3aMblKaHKME TOJMIOHOB IEpejl YpaBHHBAaHMEM CETH Ui NMPOBEPKH KauecTBa pacueTa 0a30BBIX
JIMHUH 1 OTOPAaKOBKH TUIOXHX PELICHUH.

[Tocie 0OpaboTKM 0a30BBIX JIMHUK BBHINOJHEHO YpaBHUBaHHE CIyTHHKOBOHM reojie3mdeckoil cetu. B cucreme
I'HCC ypaBHHMBaHuE NPOU3BOAMIOCH B IPOCTPAHCTBEHHOH TreoLeHTpUuYecKkol cucreme koopauHat WGS84,
pe3ynbTaThl ypaBHUBAHUS pPEAyLMPYIOTCS Ha IUIOCKOCTh IPOEKIMH BBIOPaHHOM cucTeMbl KoopauHatr. Ilo
pe3ynbTaTaM ypaBHMBAaHHS COCTAaBICH BEIOMOCTh IIONPABOK YPABHEHHBIX BEKTOPOB M KaTaJol KOOPAMHAT
YpaBHEHHBIX IyHKTOB. COCTaBIICH KaTaJOr KOOPJMHAT yPaBHEHHBIX ITyHKTOB, ObIIO peleHo HCKIounTh myHKT ['TTI
"Kp3piaraiipar" B KOTOPOM MOTPEITHOCTH MPEBHIIIAT SCM.
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Omnpenenerne mapameTpoB ImpeoOpazoBanms koopamHaT Mexny UTM 43N u MCK ocymectBisiace B
nporpammaoM koMmiutekce Kpeno TPAHCKOP, raoe yuactBoBano 3 myHkra. Ilo pesymbraTaM moicka mapamMeTpoB
nepexoga BbIABJICHBI: HaI/I6OJ'lbLLIaSI IIJ1aHOBast omn61<a COCTaBJIACT 28 MM, HauWMMCHbIIAs ILJIaHOBas oum61<a
cocTaBiiieT — 7 MM; IIOMHUMO 3TOro, onpezaeneH napaMerp nepexojga u3 UTM B MecTHyHO CUCTEMY KOOpJHUHAT,
MPUMEHHUB MeTOo.I ipeobpazoBanus ['enpmepra. OQHAKO, MPEIIOKEHHBIN AITOPUTM pacyeTa MmapaMeTpoB Mepexoa B
MECTHYIO CHCTEMY KOOPJIMHAT, MPUMEHUM TOJIEKO JUTSI JAHHOTO UCCIICAYEMOTO YJIacTKa.

ITo pesynbraTaM W3MEpeHWIl BBIABICHO, YTO oOmpenaeicHue B3aumHoro mnojoxenus [TC u HabmromaeMmbIx
myHkToB [IBO B miaHe u 0cOOCHHO 1O BBICOTE B Ipeeiax JOIMyCKa BO3MOXHO TOJIEKO Ha HEOOJBIINX JIOKATEHBIX
wromansx. Mcxonsd w3 BEHIIIECKA3aHHOTO B HACTOAIIEE BpPEMsI CTOUT OCTpas HEOOXOOMMOCTh MOJIEPHH3AIUN
cymectBytomeid [TC u co3manms Ha ee 0a3e HOBOW €IUHON KapKACHOM T'€OHE3MYECKOW CeTH T. ANMATH C
HCTIOJIH30BAHUEM CITyTHUKOBBIX U3MEPEHUI.

KiroueBble cjioBa: MecTHasg CHCTeMa KOOPAMHAT, TOCYAapCTBEHHBIE I'€OJe3NYECKUE ITyHKTHI, CITyTHUKOBBIC
TEXHOJIOTHH, TTpeoOpa3oBaHUe KOOPANHAT.
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