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IMPROVING ACCURACY OF THE LOCATION OF SINGLE-FREQUENCY
GNSS RECEIVER WITH INERTIONAL SENSORS

Anton S.Shcherbakov
Institute of hformatics Systems A. P. Ershov, 6300(Russia,Novosibirsk, Lavrentie\Street 6,
postgraduated studengmail: dyp@perchine.com

Denis Yu. Pershin
Institute of Informatics Systems A. P. Ershov, 6300R0ssia,Novosibirsk, Lavrentiev Street, 6,
junior Researcheemail:dyp@perchine.com

Location of the receiver in the GNSS is calculated by the intersection of the spheresfénamntdi
satellites. The radii of the sphera® determined inaccurately because of the ionospheric amd trop
spheric delays, the relativistic effect, the effect of the reception of the reflected signahearidabors.
Without any corrections positioning accuracy is aboub@®netersHere conglered the model which
takes into account the maximum number of additioiagfor error corrections. For ionospiedelay
correction ionosphere state data IONEX is used, for satellite positions and clock errors corrections pr
cise satellite ephemerisr{éil ephemerides) are used. All used data isctmmehe international servers.

For positioning accuracy increasimgprtial sensors MEMSensors (accelerometer, gyroscope, reagn
tometer) araused.The kinematical point precise positioning methodassicered in this paper. To
minimize errors of satellite navigation devices and inertial sensors Kalman filter is used.
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The problems of economic efficiency of satellite systems application in land surveying are
considered.
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In paper are considered questions of topographic ancetieedbrks using eordinate system
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THE TECHNOLOGY AND DEVICES FOR DETERMINING THE GEOMETRICAL
PARAMETERS IN THE CONSTRUCTION AND OPERATION OF HIGHWAYS

Vladimir V. Shcherbakov

The citizen of the Russian Federation Thadidate of technical science, asabe professor, the
headofsud acul ty c¢Engineering gesiydotRayway TeahspoBheb er i a
service address: 63004Russia,Novosibirsk, Dusi Kovalchuk, str. 187, STU, phone: (383)3281,

e-mail: vws@stu.ru

Existing methods shortcomings and facilities for determining the flatness of the road surface
were examined. Universal Road Curvometer (URC "Rovnost")asepted. It was developed in
Siberian Stee University of Railways based on the coordinate method for determining thetgeome
rical parameters.

Key words: bearing of a railway, statement railway way to the design position, coordinate
methods, GLONASS, GPS, smoothing, reconstruction, rail tratcmated control system.
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ACCURACY OF POINTS LOCATION OF NOVOSIBIRSK
REGION FIRST-ORDER STATIONARY BASE STATIONS IN NATIONAL
SYSTEM OF COORDINATES AND HEIGHTS

Nikolai K. Shendrik

Head of the Laboratory of Satellite Geodesy, Department of Astngrand Gravimetry, iSerian
State Academy of Geodesy, 10 Plakhotnogo st., 630R08sia Novosibirsk, phone: 383 3610159,
e-mail: snk_aig@mail.ru

Calculation and accuracy assessment was made for points locastatiofiary base stations
(CPHC) on Novosibirsk region territory in national coordinate {€X and heighti(-1977) system.
The author offers the uniform key for this fragment of the geodetic network. It provides transition
from the global reference system (ITRF) to the national coordinate and height system.

Key words: estimation of precision, permanmtebase stations, national coordinate (@&
and h el9g7hsystern,igeodetic coordinate syst€RF2005, key of the transformation aso
dinates, region calibration.

g 1 wdzoaOtw 2012 6. &0 Ikjtdlststedd 1 ts9
B4 Mils dzOW  CiEddsHjdlgeols (fas 1a ). 169 0OY &jMm
ftedLoOdzO tjh dls: LOHOYd fworh jdadw Istsydzts
GitHjLduUiMEsets tsBiMJjyud dzedwvw dzO Isj tetcdlIststsc
s 18] odsyjdo etmMkzHOMmiss PREZOOYUNTEE |
shdzso dz" » desMmdIsj dzj 2 detseots2 d3d Misdets?2 MmMdMmisy
tcOMMdBzOIsted 9 Ols! 4 ls fzdzC sse f sMistsw dzdzts H
(lrasue 18 ). ] jtco OV sy tej H! dL 19 1lrai1ws
l ssteOW tsydtej H! diLls 1929 jfHlgj dHOIs oo B dEBHO2 N j |
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IlIsdds d eotLddS0Ojls, mMsB Mise j dzdzts, oftesm
fzdzCIstseo 1 9154 & dsPOC Y j /a7 . 9 "lintHSO dpdztsRl ¢ Itc OB
stsydesmisd o' § tsdzdgw dzfpw Hdzv WicOG 3§ dzls O tgPIsd
Coltstets?2 fftedo j H.Ld2O dzdy j dzO tod

tdm. 1. 4D jkO EisHjLdujMSE2 Ml

rdzv fzdzCIstse 1 rid4 HOdzdzts?2 Mmilsd B' dzO 9
fdzOdzy d 6 orMmtslsy M BAdqyddr fEdSIlstss ¢

(Pe8). ltwdowLCO of f sdzdgw dzOfy! tOHJOdz'Cdlzr &3
stse lratd € MmMilbd |1+ dL EkEtOodzdo Odzedw { t
NO.0098680.059 diBjlstc® (Mmditslsted §teddztsy j dedj 1

l HOdz dgj2h jd3 B dzd tcOmMmdisistej dz@é d tej Odzd

d fnfpdsjo Oded ¥ ) :
1Ltsyj dzS 0 Itsydetsmisd CtstcHddzOls d o' fipsls |
tcdOdzlstse fp tOLdzr i3 ydmdzsdz dMmeasHde = HLdzC Is
BOdz detsets 6 jBdHO © ctsmkzHOteMmlse j dedes?2 fdmls
2.MtcQo dzj dzdj tjL kdz! sOlstse dL yg &z2dd Gffls ts & Ot
ud mMs&d f§odazkzyj ddz &3d dL eisHjLduimis? fwdoe
3MsLHOdd] JHJdsets Cdzg yoO ftoj sBcOL 59 O dac
MdmMs|TRER 005 -EX5 wip977 (BjIssHdECO ~ 1) ;
4MBLHOR]] SCOdzdBteoatsydtsets kyomlse © H dzw
18] (BIbBHICO " 2)
5MtcOodzj dzgdj Ibisydesmisd ftoj sBtcOL 50 Odzgd?2 €t
[ dL MmMiRFsgEd ¢ ctsMmikzHOtemlise j dzdzts 29 5M)d frfls §
Zsd2MmMets?2 MdMmlsj gy o' Msls 1977 EBHO, o' {
6.smdztsoe dz" J or oesHT d tJ Stsd3j dzH Oyd d .
1 jtcosdy d obkttetd 1 IsOf O BT dzd o rfiff-ts dzdz]
Oktcdo Oj dizss?2 MmMjlsd M Wd¢ RO Yd jcs2dE0k@EksdH g dzO |
GUZU) , 1 OtcBARG)M S ((41 B dzisls dzts j MAIL)O i dzasuz@) fiptz
L J tMKRAP) ,( 1 OtcOB ddzM ¢ )  kz dgCdsifsrots H1dg" Int.  @- AW O
tcdOdzlstse BT dzd o' §f Sdzdzd dz'@ dMMdzj His9 Odzd™y- M ¢
Hjdzd ¢6jtdHO, d m ¢ 28A10dD, @SUKH, EGN-85d H O d3c
EGM20082 5 EGM20081 . 1 jStlstster j o OtedOdzs’ ' ftcOo ¢
ydmdzj ded? ftedejHjde do3ffteddzsy j dzd "V
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G dzOdzdL tjLEzdz sOIstse o' ydmdzj dzgd2 Hdzv 1 d
ssydetsls! CteHddzOl s odizlstej dadzgj 2 Mo ts
Csdzdyj Mlsotsds dMosHdr 7 fkdSlstses Dteshts Mt

ftewdisets MitcOo dzj dzd W , IstsJ dedglsdsd MS t € HsoffdgQ ldNA ¢

owLGCd ¢ fkzdSlkOd 4448 (M3, Joddsyjddy 2
NO. 02060. 05 d3j steO;

-ftoddsj daj dzd j twOL dzr = BSHJjdzj 2 ¢ dzsB O@*- dets ¢
LOdkts dzOdzduydj LOBjlsdr » t.OL d&zdyd?2 oj wizdrdfc
kOl or ydidzj dzd?2 YCOLOder dzdyj o Ily@emdzdy.
f dzOdzj ) mMih jMlse jdedz" = dL d3j dzj dzd 2 D#A1IOE0 v o dz
ffds. ©® sOBdz. 1). wdzjHEZjls tl&jlkdls: ottetshjj
GJBHJLduUJ MS 2 g dzZG:MR20089 5 HEGM20084 . t OJjied ® X H
HdzZw 1 Isdr BBHjdZj?2 6jJdHO &BjyHE MteBts?2 dO=A
10 3 d 4 1 10f0Or ttOMyj lstse oHEHEGMBOASAS. f to d d3j dzw

v OB dzd yo 1
t OL dzsisd S BBEHJAZOIs d o Mls § k& dzl Ists
BjBBSHjd&zd € jtsdHO d f ¢ dtsB Od df & o
. & I f dA@Yz] 1 o' Mslsy ( &)
g/ R BY DMA DMA EGMO08&
Is sy ¢ 10x10 1ox10 | EGM-96|~ ¢ EGMO08-1 SU91A
dX dy dH dH dH dH dH
1 BARA | -0.001| 0.000 | 0.528 | -0.188 | -0.091 | -0.091 0.920
2 BOLO | -0.001| 0.010 | -0.444 | -1.131 | -0.843 | -0.843 -0.426
3 CHER | -0.003| 0.014 | 0.439 | -0.685 | -0.386 | -0.387 -0.148
4 CHUL | -0.002| 0.004 | -0.139 | 0.125 | 0.438 0.437 0.600
5 | DOVO | 0.002| 0.004 | 0.612 | -0.053 | -0.171 | -0.170 0.807
6 ISKT | -0.001| 0.013 | 0.168 | -0.318 | -0.178 | -0.177 0.043
7 KARG | -0.001| 0.004 | -0.161 | -0.335 | -0.061 | -0.060 0.409
8 KOCH | -0.001| 0.000 | -0.114 | -0.155 | 0.335 0.335 0.071
9 KOCK | 0.002| 0.000 | 0.429 | -0.016 | 0.035 0.035 0.924
10 | KOLV | -0.001| -0.001 -0.304 | -0.666 | -0.438 0.437 -0.274
11 | KRAS | 0.003| 0.002 @ 1.206 | -0.327 | -0.358 | -0.356 0.733
12 | MASL | -0.001| -0.08 | 0.374 | -0.788 | -0.526 | -0.524 -0.316
13 | MHKV | -0.002| 0.007 -0.265 | -0.872 | -0.392 | -0.392 -0.483
14 | NSKW | -0.001| 0.008 -0.076 | -0.542 | -0.065 | -0.065 -0.173
15 | ORDN | 0.000| 0.005 0.354 | -0.152 | -0.019 | -0.017 0.246
16 | SUZU | -0.005| -0.004 0.727 | -0.582 | -0.622 | -0.622 -0.164
17 | TOGU | -0.002| -0.007 -0.179 | -0.494 | -0.221 | -0.221 -0.088
18 | UBIN | -0.001| 0.001 0.036 | -0.502 | -0.280 | -0.279 0.329
19 | zDVI 0.002 | 0.001 | 0.939 | -0.313 | -0.151 | -0.152 0.465

Min= -0.005| -0.007 | -0.444 | -1.131 | -0.843 | -0.843 -0.483

Max= 0.003 | 0.014 | 1.206 | 0.125 | 0.438 0.437 0.924

Med= -0.001| 0.003 | 0217 | -0.421 | -0.210 | -0.210 0.183

Sko= 0.002 | 0.006 | 0.456 | 0.321 | 0.306 0.306 0.462
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Cdzt yo (o] sBtcOL 8o OdedW S BBsSteH d ZOBTRE 09 SMtels
#s-9 5 d7 71 edkO 9 j M WOk dzls dr 19 1ras1 e 7
¢ 62 h jMmMsdcetcOHEZMdes?2 L tsdBj* g toiPtc EHzOC Y Gefizd jf @
MscoeMmMCtsets. stststeHd dzOIsT f LTEARIOOS B lsiaff W tsidaz -
BBd ded BBOdz! dets 56 te Oded YJ dzetB)©Ots| d f & O & dzdS dc ® dgiz® Is ) |
or Mslsj dMn tsHGHN (51 W olzia§dseOd o € ) . v sydetsmis!
fzdzC Istse olTRFRAOMPISS] d3g yd dzd @ O 4 Isfypw 9 § dzd ud dzO d3d
ddzOlsr d or mMslsr f EzdgS-lsso

Biltc® [1]. stGitoH
Bi CssEH G dOsls Lwisr fts %OCkk dL G§BHJjL
Istse 1 raw e, O Mrddd Mibd (Mmd. twdMh.

Mo sdztsds ¢ * e . dz sOIsr MtcOo dzgj dzgdwv o1 y

)
1
tJ 0
L dz2Oyd dedw dsd dL f te wi Cd 6 2 KdEtdstendy dgQlt do
18 fkzdSIstso Mmjlsd J 18] fHtojHMlsOo dzj dz" ¢
SBGL &ZOYj ded W & dzO ZBVE, PE3IO, ORBNs KOCH, dgOLY 1 CHER)
dzfj bkEZyoOmlseotse Odzd o dzj dz2dd G dzte yO d Wwo
fzdzC sOdizdy C o ©®H icals Ovw ftsetej h dztsfls H (
YyJ izsds fmtsmils ©e d dzO j NO.061 d3j ste®,
OB dzdIskzHr o tOL dz CsteHd dzOls o ftej HJ
10 yjlbejtolstsdy 1 J togh O &Oigzd B iuc@w &wy6zs i t
HOdzdzts2 G J tSHJ L iMes2 MmMjlkd lri1a 1 v,
OdzH Otcls dzts 2  d3j Is STHmb BusivessBpmgen | 115 Opdz®@dzts 6 d
3 LHjM' BOSYJ Brdzd or" ydmdzj dz@é tdOL dzts i
§ @dedz” i3d d HOdzdz" 3, §sdzzyj dzdz’ Bg - §
sOlsr s 3 d 4 {sOfOd3 Mo jHjdzr o tsBHN
HJC OB e dzOMmMEze hdds f OtcOd3j Istesd3  Wjo dzw dzf
| MSs2 Mmilsd.
¢
d
J

n#d o

&
=

odHdts dL IsOB dzfadzgl yRqedetejj Ltztelzy S@bsylz
B COdzdBtetso sydesets EZyomlss O, HEBPSOIst:
B OLdshisj?2 C(ttteHdd&Ol d o' ftly- H dv
MSdds OO steOd3 tsyj dz€ d Istsydesfmisd H
fHdpd ke OL B tesMO Bddzd BOdz! dz' = d KOS fd RO
Odz , §ft5 MejHddd o OHEPSJGORHE dds st alA
S OB, ©OC d o GetBN | ddBd SiRddy tostsss
iflso jdzdz’ | Y S OL O dfOdEOf desMBER @ s A
ez n fzdeCIstso 1l a4, Coltster j daj btsdz-Cts |
2 wodws kv ftesh s Mse zOMse Odzde” &8 o j ©
or ydimdzj dedd s Hobkds wOLd &3 d3jIssH S Od
i)y pr hj fMCOL Odzdzts jfiyls Qs wdsEzvig dsi jikHlg (iaCd
lsudzlsfr]lsq’ tcj OdzdL Oydd ftsimtcj Hlse -5 Mglsd
Is j d3r o7TMisls O wldlzOydls d dzetso 52 3 Mis dzts?2
1t dz2Ohddz tyj 2 O3 f slsj dzyd Odz dzOwW  Ists
jls MemMsO&s@OIs 06 I Ised (usl) COC G f{ dz
Istsydzsmis: wdzv § jidejodfry dd & ts telzsdndidsly daf 2 o rh
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wWodzwe Isipw f2dzC st lrawaw 1w, WwWodzw JjlIsmwy-k&zxJ

dettf otsdL otsHMlse jdzdzg" 7 L OH Oy dzO0 ftpth lcly digf Caslaisc
Isjrdzesdzsec d?2 dzj sBatHdBS ftseor Mdls! IsBRFZsMIS!
1 1sO LOHOYO sy jIsjiesRIs! 1 dzif sdzdzjsc s ® dzd s
sdztsy d Is ¢ o Mdatbs, &z frpddRENIizO% § ¢ M d tc ts 0 Gsdzdzlz ©

e 1tk d W] Wddyd tdisa(d) dgdzifHis stds [ 1, 2] .

H 18 d&Bsyjl Hj2Mseadlsj dzv dzs MisOls! B+ IsOdz
tcHd dzOIls o t tsMmimdd.

v, B > e R
T v

v OB d&zd yo =

{ OL desflsd StSBteHddzOls d o' Misls frdSlstss
fssqQtz §d SOt sydsdk EyOmlsS |

t OLdesmiIsd CtststcHddzOls d o
T /R BB C Its Cdzs yz takegwse 1t COdzdBtotso tsyd
dX dy dH dX dy dH
1 BARA* -0.085 -0.044 0.038 -0.093 -0.041 -0.017
2 BOLO* -0.085 0.090 -0.029 -0.103 0.085 -0.002
3 CHER 0.039 0.011 0.031 0.030 0.004 0.069
4 CHUL* 0.035 -0.040 -0.008 0.028 -0.045 -0.025
5 DOVO -0.022 0.017 0.021 -0.030 0.010 -0.002
6 ISKT* 0.022 0.011 0.001 0.018 0.006 0.028
7 KARG* 0.003 -0.014 0.115 -0.007 -0.016 0.089
8 KOCH 0.053 0.027 -0.008 0.045 0.026 -0.002
9 KOCK* 0.033 0.021 0.043 0.026 0.013 0.030
10 KOLV -0.032 0.067 -0.024 -0.042 0.065 -0.017
11 KRAS* -0.024 -0.002 0.049 -0.031 -0.007 0.024
12 MASL* 0.033 -0.023 -0.018 0.023 -0.032 0.032
13 Mhkv* -0.053 0.056 -0.070 -0.063 0.053 -0.051
14 NSKW* 0.016 -0.031 0.033 -0.008 -0.032 0.041
15 ORDN 0.034 0.012 0.017 0.033 0.009 0.027
16 SUZU* 0.080 0.003 -0.108 0.074 -0.004 -0.085
17 UBIN* -0.014 -0.017 -0.023 -0.022 -0.016 -0.065
18 ZDVI -0.075 -0.013 0.034 -0.082 -0.018 -0.011
19 UBIN* -0.014 -0.017 -0.023 -0.022 -0.016 -0.065
Min= -0.085 -0.044 -0.108 -0.103 -0.045 -0.085
Max= 0.080 0.090 0.115 0.074 0.085 0.089
Med= -0.002 0.007 0.005 -0.011 0.003 0.003
Sko= 0.049 0.036 0.049 0.051 0.036 0.044
3D Sko= 0.078 0.076

ltedd3j yoOdedyj . wddotsdzsds ¢ * & fts®d ud d&' dfmntsH
MLHOdY Cdtyo0 d fttd COdzdesttse § j.
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1 tod dztsy J dzd
[ Yy &zC O bydtsmlsd e jtsHjLdyjMmMéts?2 HftodowrL

dL ktcOQodzd o OdzedW™ s o dzlif@sde'j dizdalg 2 d3jmis tisHH t8] A3t
_ dtcj Hdzd §J GfigCOH jtc © Y d i dztsHdz fif- ts
| B3] R d3V fscetejh desfls d fdsS stse 4

LN st d mx my mH 1 GQizz 1 5 89 jm
1 BARA 0.017 0.017 0.016 12 10
2 BOLO 0.019 0.019 0.025 6 5
3 CHER 0.018 0.018 0.019 12 12
4 CHUL 0.024 0.024 0.027 9 10
5 DOVO 0.015 0.015 0.017 12 12
6 ISKT 0.023 0.022 0.034 9 9
7 KARG 0.035 0.035 0.029 12 12
8 KOCH 0.026 0.025 0.030 5 5
9 KOCK 0.040 0.039 0.033 12 12
10 KOLV 0.027 0.027 0.059 7 7
11 KRAS 0.043 0.043 0.037 10 9
12 MASL 0.020 0.020 0.020 10 10
13 mhkv 0.018 0.017 0.015 9 9
14 NSKW 0.022 0.022 0.023 17 17
15 ORDN 0.011 0.011 0.014 11 10
16 suzu 0.039 0.039 0.038 10 8
17 UBIN 0.024 0.024 0.021 11 11
18 ZDVI 0.009 0.090 0.010 12 12

Min= 0.009 0.009 0.010 5 5

Max= 0.043 0.043 0.059 17 17

Med= 0.024 0.024 0.026 10.3 10.0

Sko= 0.010 0.010 0.012

1 tod dztsy § dzd |
t OL desMmisd CtstcHddzOls d or Msls § ZdzS ss@zddfL ¢

l sHj d dmaléxi 8 d MO H o & dsW {850 taydff Gcitiz © df BIsoH dz” 7

5 s, R W t OL desilsd CtststcHJdzOls d o
111/&4 S tf d VOo dzgd o Ocded j Vi Oo@Agp] M 4
dx dy dH dx dy dH
1 BARA 0.000 0.000 0.000* 0.000 0.000 0.000 *
2 BOLO 0.000 0.000 0.000* 0.000 0.000 0.000*
3 CHUL 0.049 -0.065 -1.297 0.066 -0.045 -1.398
4 ISKT 0.029 0.007 -0.495 0.049 0.011 -0.537
5 KARG 0.027 -0.029 -0.674 0.037 -0.007 -0.767
6 KOCK 0.035 -0.005 -0.616 0.065 0.020 -0.839
7 KRAS -0.003 -0.047 0.379 0.000 0.000 0.000*
8 MASL 0.049 -0.020 -0.058 0.000 0.000 0.000*
9 mhkv -0.026 0.030 -0.492 -0.029 0.035 -0.447
10 NSKW 0.027 -0.041 -0.686 0.041 -0.032 -0.716
11 SUzu 0.000 0.000 0.000¢ 0.109 0.005 -0.226
12 UBIN 0.033 -0.035 -0.360 0.033 -0.012 -0.459
Min= -0.026 -0.065 -1.297 -0.029 -0.045 -1.398
Max= 0.049 0.030 0.379 0.109 0.035 0.000
Med= 0.018 -0.017 -0.358 0.031 -0.002 -0.449
Sko= 0.023 0.027 0.448 0.039 0.021 0.436
lteddBj yOdedj. swdBobdzsd ¢ * & f§dj yjd JmMotHE
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l od dztsy § ded 4

{t OL dztsfylsd CtststeHddzOl d o' fitsls fzdzS lstso
d dL LtcOs dzd o Odzd YEGH2008B 6 | dz' o O& § © dais O iBd
fts ydiftzdzi 7 §zdeC stso
_ t OL dfsfflsststcH d dzOIs d o' MEsls
L&) ¢ R OBV Vs Oo dzd ® Oz j LcOo dzd ® Odzd j
gt/ 4 Ists Y&
dX dy dH dX dy dH
1 BARA 0.000 0.000 0.000* 0.000 0.000 0.000 *
2 BOLO 0.000 0.000 0.000 * 0.000 0.000 0.000 *
3 CHUL 0.052 -0.065 0.012 0.074 -0.052 -0.018
4 ISKT 0.028 0.006 0.075 0.054 0.008 0.011
5 KARG 0.030 -0.029 0.119 0.043 -0.014 0.098
6 KOCK 0.039 -0.001 0.094 0.073 0.017 0.016
7 KRAS -0.001 -0.037 0.098 0.000 0.000 0.000 *
8 MASL 0.044 -0.027 0.082 0.000 0.000 0.000 *
9 mhkv -0.027 0.033 -0.027 -0.024 0.038 -0.049
10 NSKW 0.027 -0.040 0.083 0.048 -0.035 0.042
11 Suzu 0.000 0.000 0.000 * 0.121 -0.005 -0.122
12 UBIN 0.036 -0.038 -0.034 0.037 -0.020 -0.045
Min= -0.027 -0.065 -0.034 -0.024 -0.052 -0.122
Max= 0.052 0.033 0.119 0.121 0.038 0.098
Med= 0.019 -0.017 0.042 0.035 -0.005 -0.006
Sko= 0.024 0.027 0.055 0.042 0.023 0.053
ltedd3j yodedyj . swddiotsdztsdz ¢ * e fddud d dMmntHd
JRIJRJJTIT OARY[HSREBE dwlRrRHY[S

l.zjdHtcdS, 1. s.
fdmlsj 3 CIERE® a2 dz@I3 s HEjsL dswid S ugedt@ W [ Is jj € hd B
| j-8d B d2@12. 162 0
ddeW stcd3OIsd € O,
2-238b.

2.7 j dzgHted §J

2012.7 o .

©j dw

mMétsets BBy MY Jyd ddy | seosmde Jqtem s d B g2AXR2AB2JOY [-Qs § € M
2012¢., 1 totsMmMdedtemMS j i dYyHEZdPed ditd®zdiOIs § SE@
aBbBtsMge dtcme : Tud ) |20 201 2.

BOESh j Hj c@Mee O dism .

[B dmMfsd LtsoOdedd fEdzSIsso

1 BosmMdedtemMC: 5y j Y H
dieIds j f tgj dls@ distsrpd B e tedIS

Oftejdzv 2012¢. ,
¢ Ot RaE(t@OW diy's, .

E 5. zZJjdHtedS, 2
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tRECVEOVRR 1 o drrayRrRyYyres s 1tosuvrRs t{HHRR
rovémds srtfrRUISTILRR 8§ P L1vCURCS cuRruU[ O §
s{ftrree fa1fl¢oe

Sted?2 IdjSdgjsio d u o k2 tedzd dz

sdBdtemC Ow GMmMkzH Otemliso j dzdzOW GJ Bfgﬁ]q\’u fip S
E dz. ] ZOR tslsdzts G ts, 10, ftoesW j Mts COWJHto
e-mail: surnin@ssgaru

@S i) OE Ot
0150, s & s d

r-

Il eimygmed fo0fisde (tsmMimdd dzjls tsSHdztsL W@y dzts Gt
CBeB8 twWOLHJjdzjddY d f§tddj dj dzedv § 5 &fdeedc@SystBgey Hikz dzO te
cReferenceFramed . v J RefrfedreSysteng | fteJ Hd&ZOGOj Ismw { ji®&] 9 BHC
Myd s@®yosh d2 IkjttttjlsdydimMésty (HJ]SZOttOIsdodetsj ) i
dzts 3 Istcd d . Refergriceggntg cf o j H ZOG Oj Isfpw  f jtoj o sHJIsts- € OC
tcOV B3OIsj ted Odzd L Iz j RefedgrfdBystgnmiiz yste iy j s PO dzr § tstsBi j €
SteHAHEsH 20 dL MtsMmlsQeadzr 1 yofmlsj2 godwisdw ¢ fipdMmisj o3
dzso-Mhas Mils O dzOwW Y OMmils+ ¢tslsmyl sdets? Bhdetse r €.

sdz¢ yd o' j: MmagseHOj L dw, MmMdMmisy 30 by lsoO, tlsmudls
SteH d dzOl dzOVW shdzse O.

APPLICATION OF RUSSIAN GEODETIC PRACTICE
OF THE INTERNATIONAL LANGUAGE THE CONCEPT
OF COORDINATE SYSTEM AND COORDINATE FRAME

Yuri V. Surnin
Prof., department of Astronomy and Gravimetry, Siberian State Academy of Geodesy, 10
Plakhotnogo st.. 630108, Novosibirsk, phone: (383)@B%59, email: surnin@ssga.ru

In Russian geodetic practice is not single translation, clear separation, and application of co

cepts and terminology ¢Reference Systeme and
of fered to translate as ¢Reference Systemé me
timing. Term of c¢Reference Fr amee of fered to
as Reference System t hr oughs roenael coobnjpeocsti.f- e¢c Gooaor
erence Systemée. Term of ccoordinate framee i
Key words: geodesyreference system, reference frame, coordinate systemginate frame.
,[J>1HIZdZOthSHdZRe?eI’ehI:gSﬁtBMISiEGQISIZJ sfqfw o Ofmlstets
fp. 44], wdrd&¢j [2, WCO0Q1%j dfv lsizj & digasd§-4 s 7 ¢
Yi MaED®E OBfr]lsteOledzOW cidMmlsj BO tkyPkoe
sdo dzsdts) s dMOdkALcOizEE) Btedd Rfetsdztsdzj Isted d
sBl jJHddzw jIs He O ftdvisdw c¢Mmdmisj 3z SCGstcH d
dzdée (rntodetdi3diIstcd® ) o© BGHddts s te]) RJ3kzd dzd § ¢
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g dMmisj BO (Refergme) Sysdem

. 1,
edMlsj BO C it cffr] d3 o 1o
(cdsd3d stedw™w { tg (m dzts d3j Is tg

tdBuvd s isdud M) MisY g 1 JSERIBoCESYSBY

| wjdvksdodmlsMSs?2 &jirOdkdSj [2], o %]
slsfyjls0e fwjHmsOodyjlshy ¢ O -opjj sk, tegdis®]
sqdzeds. 1 CdzOMMdyuj MS B2 ojnOddCj [ 36- § tot
dz2¥ s dd'migdn3O0 CttteH ddOlse d c¢cMmMdMmisj &3O o tej d&3j d
Hicze BlIs HitkZcGO.

vjedd &z ¢ s i)y jRefdzencdrasg dztsas@S Is(z j sfw o [ 1]
BOlj tedOdz' dzO" w©hdse O Hdw WdLdyjMSs?2 ] Od

( [ s uj Is dzO(RefeseiaiEmmdd _‘

stteH d dzOls dzOw 2000 o] dj

tdBadrdui mcoY i OddL oydw mdmlsd &'

[ HdOC 5, o 1 WJjdigjtedHdzs?2 0OMmlstctsdzRafgderdce d3j X
Systeneé  @RefegenceFrame ff jtoj 9 SHW IsMw M Odze dzd 2jiC 56 &
BO CtteHddOlse d ¢mMdMmilsj BO slisfifyjtdg@esH[ 40,9 5
CtodzdzdL s o Isjtedzgddesdzseds dBiyHE WL B2 |
d +WJBBJtedrHdzs?2 OMmMstesdesdsdJ?2 [ 4] d GJBHJ L C
LIss?2 C sdzdzd LRfdrentseJyteisgy] dzdzle yh j  j toj @ SH dds ¢
ﬁ]uJI_sOé, qJQc@Bgeﬁmcﬁﬁqlﬁ?)Jlso@OQOQ o [4], . Jg-, s
LdCi d &jR0ddCj [2, 3], &uj I ddd- (;fnd
MlsOoadzr = YoOMmisy 2 Is§ ted3d dzO0 ¢ Md MBejedg@dranssn yJ Is
fteOoddz dzj § f§jtejotsHdls! 6 dsds Qs lsidgap s
Yy a3 ¢0¢ ¢cMmdmlsj @O wslsmyj IsOe, COC 1 Ists HJdZ
WdLd<ed [2] d d3j~0dedCj [-RéferelscgSistgngdz zophy d fiyls
dzvils: dz BL dzZ0yoj s OBMistcOCIsdetsy Y dMOdzd J

sjteddddz ¢MmMdMmilsj &3O SCtstcH ddzOlsée L dzZOOj Is
Yy M s?2 MsmisOoadvwen j2 MdMmisj ' slujlso. [
o C dzt yoOls! Ited BhMdzsodz' » R OOSCISj ted Mis & d :

tc

|
sdiecso Sk CttcHdOIde » B8J2 d odH CtsteHdd
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|’ g dMmisj 30 QBBtﬁHddZﬁ?hffn(Sg“

) sdesy j dad [tedj dZsdttse 1 d H
CtststeH d dzd C ststcH d dzd CtsstoH d dzC

t dBud Se] sy igz) igeflj 3" < BSKHJdOLS

sijttdisddz CttteHd dzOdzOY Ghdses O L ZOYO, Is
&ZOls, ddd dJddoOyji, $¥drdyjmCks tjOdkdL®yds*
yjlsdes?2 Gfdeser &) detsiss@sist doiClsstiiwic sty 5 45 O dzg
fMlsots WdLdujmMSdn desmdlsj dzj 2 CttstHdd@s d
Mdlsd dzf 2 lsdtsmdls| dz' dztdt  dz@ ez ssd M MdM)sd 3" €

sssteH d ZOls ZOW sy

/\

Adrduimedj desmd [BHjd HodyJded"

v Btedlsdud MEty | [ Ol BOIsd yd M¢ ydmazse ' j L
fMdMmisj 3" ¢ ts Bts H j dzq fOtcORj Istets o

td®adedud MSOw e indsddis @y GRasttdzo § dzo0w O M de

AdLrdyuyd mMéddd desfdlsy dzv dsd, dzOf ted 3 @ L d
s lsfw  yjddster GisHjLdUiMSHdE flkdSistso,d-x] Ml
Ud ME&dy OffOwOls” GRSSPEK ) 4| Bshdas/ Myudls®is!
Bs? (stedsOd ds?2) (it O sndgsd -
Bs?2 Mdmlsj dj BlMuilko. 1 diejmks? C(sseH(

wogdwe lsfqw CoOLOtr, LojLH" d Isj &zO Mmtsdzdzj yd

l Mmetss tyjte H! , BOIj B3OIdyj M OV d@sH | d
oS dztk Yyojls tsfdmodsd OgdMmMb | GslsEesBH MsLd-Oj Isf
Ud meétsgy fdmOdedy hBsHjdd d udmdse '’ j di-dzOy.
i34 tc, GJBHJjLdUJMSd] GCOlsOdzsed MBHj)yOl
mMeky dqdzd Cddzi BOISdyud Mk dBsHj d&z2  otsdzs yd
CotcHddzOls e jtsHjLdyiMSdr fE2zdzCIlstse (Hezw Mk
L dz2OyJ dedw MmMEtstetsMmisi 2 Hodydddw fEdzIstse
(Hdzw Cddzj @3OIsdyd ME 2 d&BsHJ dzd s OCddp -5B t6C

dzv jlsmw Btdzjj BN d'd, M dunish dfos
StHd Ol dOw fMdflj O, ¢OC GH
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1dBHILdUIMEd?2 Isjtedsddz ¢tsBh jL j &3dz0O- iyd f
dzj dzls j dz ¢ jtsdzjIsted yJ MEs2 MMmMisOo dzw s h jTer- Is | toc
restral ReferenceSystem(TRS) é , Cslstster 2 dMmf sdz' L k& jelsmw
Bdtsdzsedd 1 WJjdigdtscdHds?2 OmMlstesdzsazsdd [ 1, 4,
pootsHdIsMY o CcjtsHjLdd MtedzOMmdets toj § tsdfg-dzH O
e ML O ([fow) [1] o dssbpihdEmEs dd |t Fdpp
tcd Hdzm = @&egt@ldaal TefrestrialEphemerisOrigins, CEO and TEO) d dzd
CteOIsC s Ctsdzyd f ydj 2 ¢ dzj Now@tati@gofigin,d\NB®) 1, 4dz0 y O«
5].

14BJ MR L jdEVjRjtcdude j dOYOdzO 9 9 tsH
sftegzwy sy Htoke ®lsdsmdlsy &z dzts HEkzc O f tod dz
ptON Olsj dz desets HoadyJ dzdv CEQIEAL Q4 @¥ 3 v [de@
BjMds?2 d L jdsdes?2 MW JjtcOF Hobkd&hi If©tcPasd dath s
MY jted, NjMmMSt fowL Odgdgdws hinj 26 tscisopiHedjdiEdsmERs 21)
fnuJ B CedestialReferenceSystem(CRS . | j dz3dzDW s ti) W jj HodDdzd y dzO W
jfMlsCt MowL OdedzO" ) CotstHddzOdzs?2 fshlsO
(TRS) . s WGFOg Wpdad P smw  dzj B j Mder 2 PCEO) Bj te
d ¢ dzj WedsdbiE® O ddO( § SH o > @Eak By MaBR sl J t

N
g

=>
L]

]
f®
J LY slmd sy tejTEQ azg tzd g Isfyw L § dzdets2 L ¥ ] &BJ
P(TEOQ) d c¢cdaj fsHo dYHERPY dzOlssig& @ ¥ [ ¢ sQdg-y dztsd
dats?2 MW jwer Y §ERtidr 2 LW ] BCEQ 1 dE | igliagus 6 d
dz 2§ B@EEON ek kMY SSUCOG] M uj dd"
1d dB3dzd f dgj BJ Mdes?2 d L j dsdats? QWij@fesd dz  H tizw
CEOd TEO.

l [1484s d&OYoOdzts ki Ojlsmw o vy, j dzlstds-dz0OMmf
RISy ISt Y @ WD), STy dzO disfls dats MECS] s wgse
P(TEO) dTEQ)( dzO@ L j d@Bgdes?2 MW Jitej. [ M+ Of hed ¢ Ol
dzr 2 e tldtsmdlsj dz@ dzts pEFEAZQ 1L OERP Of wtz? ) dz0 L
sted 3w k6 dztse " d3dxy(F)yiehs 8 (@)dz0ts ©dge M d Is § dz¥ ggs L 4 d
tcd Hdzs e STERO YyPHzEj o 52 dBjtcdHdOdz [ s oo tSH
L j d3dzts 2 pYTE@Es fif dzj § sH o d 3 TED)Y de@® ydejzf tvH o d 3 dats ¢
1 CoOlststej .TEQ s WwSaG@ HY] Is(MW BlsdesMdlsj dz/ dets L j d3dz
TEOH 9o Zd3v kG dztseo r d3ds (T Sg(B)H. d dEOID g ), bz )= (T)
wWodwe Isfqw dzj tej Glzdzw toder d3d W EZdzC ydw dsd ediej d3j
90t Ismw [ JYHERZOWBH 2 MmMdzzy s’ otcOnh j AW |
Bdzt Hjded2 dBdtetsots?2 Mmijlsd MlsOdzyd?2 ftcPesipls o O
ZOLBLddzsC Oydd [ kZdzr d dmCEkmmlse j dzdlGPS MY Iz
dL®jted ded?2 d Hkzed~ MdMmisj &,

sO0Cdd3 tsBtCOL 53, sBh jLJjdBRZOW MdMmlsj dd3e ¢ st
fnc ow MeMisOo dzv s h OW L TR&dzWR] tdyjdif Isdeids J IBfssiAy v .
MYUJARO( o' ff sdzdgV 8 BBELOF 9 ¢ wOMMd yj MEs2 d&jEF-O0dzd €
Odz' dets?2 MmdMmilsj d3r CtsteH d dzOIs) B3sH j dz! Ho d)
S URB@sdm. 5). [BHjd Hodxjddw ) Jtgazd o
cts d otcOh Olsjdz' desets HodyjdedW 7 j dgdzd, O Is
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Isj dz Mmtsdzdzj ydats 2 mMdmisy d3r . [ sH | dz o tc Oh j ded
zlsOydtdedetsy Hodyjded] Md o tcs@fagadgpv, By tizdze
Mise j dzdzlz 8 dzzlsOyds WwHLO | j d3dzd, cysWdL dyud
[sH]jdzZ@ tstBdlsOdz detscts H o s j dzgf v slf jogzH fiy dzeizgzls
BOGdY] dste0 Misdds uds?2 fJaRS | df G dgom Odad) ©
sted j dZICRSsddzts i d s j dz! des + C o Olsste® d tcOdEdsH
td Odz dzgs?2 MdMmlsj d5r Ctststen d dzOls fls OdzH O to@s-dzts 2
fpls+ & o1 dsBQMZ dedv ) J dBdzd YJteiL cwOoadlsOyd
J dzr , wBdzdzy0O d f§ &zO0dzj Is.

v

1 dBJdM [ sHi 1 4 d3dzt {BhiL 1 4 BYJ delste
mdmisj| | Hedyj| | Mdmkj| | hdmisfd | CssHddd
slsfmud | 14 Bdz¢ ] Blsmyi[ | tteHddz o tcj dzw
(CRS) (fr1) (TRS) ({1 s (GCT)

tdBfftejnjdjddj] BB"NjLjBds2 MdMmisj "
UJ 6] LiMizEZCRY d L JTERz Bsls@mud sde' § MdMmisy ¢

v ed3d dz € tssfipei fdlezDdg@z0 OMMd3OIsted o O Isfpw o f
sO¢dd edtHijLduimMédd fsdvisdvd ¢O0¢ " jL
B CtteHddOls ([1us, tuws, [fus), o Ctlststr
1 d Bdzd dzOA tsH W Ismw dzOuOdzO QBBtsng[qu’GMMIs ¢do CC &
9dHO 99otHWISMY CtitcHddzOIsT . l eijHjLdd d
mMdMmlsj &3 CtssteHddzOls: tBh jLj &3dzOV, toj W jtcj dzyd

1 d Sl jndmjsdgdgsisH d g

{80 jLjdgd0v | (W6 dydo, |, AN
CststeH d dz@3 CtststeH d dzOIs ¢ ts Ho[dzOls

tdBrdSebose" § Mdmisy @' L J Gde’ = € GusdeH d dzOIs

Hso to ] d3j dzdzOW o W j toj dzydzOW MmdMmlsj 3O L GH
Jsmw lsdesMdIlsj dz' dets BN jJL j dgdes?2 MmdMmls fJd3r ¢
tctso Odzd W : stcj d&3W f OO IstcOdsd MHoO d 6 O, Istcj d

btcOHdydtsdzdzOwY tus Is]tstej Isd ydg'idety Usjfdz@ H Y
dmMrtHdz i3 ¢ jJBHJjLdUJMEdABd HOBOR o ®-Ma tSH
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dzd e sdzsd3d Isted d O OCY] OmMbtesdsddyud MS d Bd
2O fkdSIlsOr [ Of zOMO.

[ i MisdzOw MdMmMlsj BO SCtsttHddZOls [us Ijittc] s
dets toj Wigst@j dgyf misj &3 C tststeH d dzOls, ISOC dzOL "™ 9 O,

ANdLdud ME ke ] OdzdL Oyde [1ds, (us ¢ [ 4
cdj?2, ©99jH]jdedas?2 o7 hj (todf. 4) B ndzts dz
@590 ([15), wjl%jtjdydoy s SHEfCEHHEENS d
sfdso O ([s)) Mmietlse jlmlse j dadets.

1iSttltster &3 ftoj HmlsOoadlsj dzw dsd tBH j L j d3dzts

WadeBlsfr]W:

-CtstoH d dzOIs 2O MisMisOo dzw 8 h OV 5B dzfs adgzY | d3"
dzs 2 tsls myd Isld@&LIntasngtigmiderrestrialReferencdramg [ & 1 3

-CtstoH  dzZOIs dzOY MtsMisOo dzv 8 h OV  tsB dzsojzY j A3°
Medn fO0LO®R stese ¢l OOdijIste)’ )V gfduzdd 1990 ¢

-CtsteH d dzZOIs dzOVY  fMsMilsOo dzv 8 h OW 5B dats 9jdzW j O3’
e ts2 fydMisj dzWord @e6déticSystemiD9 & WSS 4) wlz® 0( d
WGS8 4 W o dzW 8 Is W -¢QctOm te/Hsdodg@ldsddaslzr dzd  ts iy datze- © di3d
Els odzgjhdzgjj CGtOoadlOydbdedesy ftsdzj 1 J @Bdzd H:
d ctOoadlsOyddadzts? ) ,

-) sMkHOteMmise j dzdzOW MmdMmilsj 302 @Bk HEdgd @ O |

Clsd ©WOL ddsufde” Yt Hjdvs sy JHJd B bj Bt
{1es, JHdd B3 dBsHJ ¥ di3d otON jddW  jozBdzd
dzj ydets?2 MmdMmilsj 3", dets tcOL dzgr g Bdets ) j Mls o js-d3  dzt
v i3 L oetsdzs ydd eh jLjdB@gde » CtststeH d dzOls.

1 BMdlsj dzvw d3d € 515 tc HTREROdsdsE? Is fitpn datsCo 8 dzts € § ts dzlz
kseo [fulyl, SCobtstrj twOMftwjHjdjd §dooxzlot
o jtorndesmisd 1 Jjd&Bdzd. [ SHJ dz 1 9 sdz8i 9d f OUstOtsiAiSHS
COYHT 2 fldSls Yt HJ dzv XMy Z, W \dg' Vs, To)f OjtclOtdzj Is
dy CottoH fHMQEERGES Y dlstcdyj Misets 9 jClststc® &
Coli3f sdzj dzls OB Vi, ¥Vl sEshisd TS O Bizsa dipzO Is da(
dzts ol T&RF, McjHd HEBEEedr tj OdzdL Oyd?2 [ ds, d
Ftcsodzj f jteor o d3d dzdzd dgfjLisdgjtst®j) ded 2t jf ztddz tdsCOldsts o
Hd 2Ol HEzdzeSlstse dd3j ¢ Is fmeersa s HJEIs? toH s MPIOE tls ts°
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CHECK OF RELEVANCE OF PROJECTS ON TRACK REPAIR WITH
USE OF THE SATELLITE GEODETIC EQUIPMENT

Ivan A. Buntsev
Siberian Transport University, 63004Russia D. Kovalchuk 191, Novosibsk, leading researcher
of the scientific and engineering road center, ph. (383)48-42, email: geodep@ngs.ru

Vitaliy M. Zhidov
Siberian Transport University, 63004Russia D. Kovalchuk 191, Novosibirsk, the denlecturer
of department "Engineering geodesy", ph. (913)894895, email: zhidov@mail.ru

Use of the satellite geodetic equipment at verification of projects for repair of a track allows
to check relevance of thaesign decision. The results received in the course of control of design
decisions, show need for reduction of the period of time between researches, design anchimpleme
tation of the design decision.

Key words: railroad project
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RESULTS OF TESTS OF SYSTEM OF AUTOMATED MANAGEMENT
ON THE BASIS OF GNSS FOR THE ELECTROBALLASTING MACHINE

Vitaliy M. Zhidov

cFederal government budgetary instUhuveosi byeh
Russia city Novosibirsk, DKovalchuk street191, Novosibirsk, the senior lecturef department
"Engineeing geodesy”, ph. (913)8981-95, email: zhidov@mail.ru

Alexander S. Pikalov

Federagover nment budgetary institution of higher
Russia city Novosibirsk, D Kovalchuk street, 191, lecturer départment "Track and Track Facil

ties" Tel.+7-91394503-80, email: Pikalov_alex@mail.ru

Pavel M. Sekachev

Federal government budgetary institution of hi
Russia city Novosibirsk, DKovalchuk street191, senior engineer inesearch engineering taiay

center, phone: +80390294-97, email: sekachev.p@yandex.ru

Developed at the Siberian state university of means of communication the control system of
an electroballasting machine allows to increase privty of the works connected with repair and
reconstruction of a track. The system is mostgrdated with onboard devices of bearing of a way.
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In the course of tests on several sites of a track of West Siberian Railway positive results of tests are
recaved.

Key words: railroad, the electroballasting machine.
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APPLICATION OF GNSS OF THE EQUIPMENT
AT DETERMINATION OF LENGTH OF RAILS
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Vitaliy M. Zhidov
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of department "Engineering geodesy", phone. (913)8885, email: zhidov@mail.ru

In article process of determination of lengths of rails with use of the satellite geodepie equi
ment is consideredddvantages before traditional measurements and possibility of obtainiiig add
tional information are shown.

Key words: railroad, rail, lash length.
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REDUCING GNSS-MEASUREMENTS TO THE CENTER OF THE POINTS
BY RESOLVING SPACE GEODETIC PROBLEMS
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Near point at which it is impossible to perform GNS#&easurements the satellite receiver
determinate position two points in geodetic coordinate system B, L, H. On point thet fiveich
located near the point to perform measurement thedwtal angles between direction on point the
second and direction on point the first, zenith distances this direction and slant distance of center
points by tachymeter. Resolving forward anderse geodetic problems calculation coordinate ce
ter point.

Key words: ellipsoid, forward and reverse geodetic problems, plump deviation.
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