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CALIBRATION CERTIFICATE 3/2008

Astrogeodynamical Observatory Space Research Centre (SRC) certifies that:

- From August 13" 2007 14:54 UTC, till August 16™ 2007 8:81 UTC the following set of
instruments belonging to

Ministry of Industry and Trade,
Committee for Technical Regulation and Metrology
RSE "Kazakhstan institute for metrology" Center of Measurement Standards,
Orynbor str. 11,
Astana, Republic of Kazakhstan

was calibrated by a Common View method at the Time and Frequency Laboratory of the
Observatory:

TTS-3 receiver, s.n. 025,

MarAnt+ antenna, s.n.: MA #2848,

GPS Networking antenna amplifier, s.n.: 13234,

Antenna cable, 150 m length, (TTS3-25A),

Antenna cable, 1 m length, (TTS3-25B).

- The calibration was carried with respect to the main GPS/GLONASS s.n. 002 receiver at
the Observatory.

- The s.n.002 receiver was several times calibrated against traveling receivers from BIPM
Time Section.

The calibration yielded the following results:
Differential delay of the calibrated receiver:
GPS, L1C: -31.0,RMS: 1.2 ns

GLONASS, L1C: -123.0, RMS: 2.0 ns

150 m antenna cable (TTS3-25A): 587.8 ns, RMS: 0.5 ns

Im antenna cable (TTS3-25B): 4.1 ns, RMS: 0.5 ns
Antenna. amplifier: 4.0 ns, RMS: 1.0ns
Total: 595.9 ns, RMS: 1.3 ns

After the calibration, the obtained results were implemented into the receiver.
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HAIIMOHAJIbHBIA HHCTUTYT METPOJIOTUU

: . L
National metrological institute

®EAEPANBHOE FOCYAPCTBEHHOE YHUTAPHOE MPEAMNPUATUE BCEPOCUICKWN S

HAYYHO-UCCNEQOBATENbCKUA UHCTUTYT PU3NKO-TEXHUYECKUX U
PAONOTEXHUYECKUX NU3MEPEHUU
oryn BHUINOTPU

Cepruduxar kaanopoBKn oM
Calibration certificate

Homep ceprudpuxara RU 02 N2 0286  lata xaaubposku 20.12.2012 Crpannna I u3 3
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OO6beKkT KaANOpOBKH Ipuemnuk cuznanoe KocmMuuecKux HAGU2AUUOHHBLX
TR SaEnried cucmem I'7TOHACC u GPS TTS-3 M 025
3aka3zunk «Kazaxcranckuit ”HCTUTYT MeTpostoriu» Komurera
Customer TEXHUYECKOTO PETYJIMPOBAaHUS U METPOJIIOT U

MunucTepcTBa MHIYCTPUH K HOBBIX TEXHOJIOTHUM
Pecny6nuku Kazaxcran

MeTtoa kauOpoOBKH Cneyuanuzupoeannutii npuemnuk cuznanoe F’HCC
Method of calibration (pa3nocmb 3a0epmel<)
Memoouka kanuopoexu MK 07-21-2010

Bce usmepenusn umeiom npocaesxcusaemocmo Kk edunuyam Mexcoynapoonoii cucmemsr Si, Komopbie 80Cnpou3go0amcs
HayuonanvHoimu 3manonam HMHU,

B cepmugpuxame npueedensi pesyibmamot KaauGpoeKu CO2NACYIOWUECA C BOZMONCHOCMIAMU, COOEPHCAWUMUCA 6
Hpunoscenuu C coznamenus MRA, paspabomannom MKMB. B pamxax MRA ece yuacmeyrwwue HMH e3aumno
npU3Haom O0elicmeumebHOCmy C60UX CEPMUPDUKAMO8 KANUGPOSKU U UMEPEHUI] 6 OMHOMWEHUU UBMEPEHHbIX 3HAYEHUIL,
Ouanasonos u neonpedenennocmeil usmepenuii, ykazanuoix ¢ Ipunroscenuu C (noopoonocmu cm. http://www.bipm.org).
Aannsul cepmuguxam  moscem Goimov 6ocnpousseden moavko noanocmoro. Jlodas nyouUKauUA unu YacmuyHoe
60CNpoU36e0eHUE COOCPHCAHUA CEPMUPUKAMA 803MONHCHBI C NUCbMERH020 paspewenus HMH, svidasuiezo cepmudghuxam.

All measurements are traceable to the SI units which are realized by national measurement standards of NML.

This certificate is consistent with the capabilities that are included in Appendix C of the MRA drawn up by the CIPM. Under

the MRA, all participating NMlIs recognize the validity of each other's calibration and measurement certificates for the

quantities, rgnges, an I yeasurement uncertainties specified in Appendix C (for details see http://www.bipm.org). This

certificate 8t gll«w“ig‘mg; 23,’ Huced, except in full. Any publication extracts from the calibration certificate requires written
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CepTHduKAT KAJIHOPOBKH
Calibration certificate

Homep cepruduxara RU 02 Ne 0286
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Crpannna 2 u3 3
Page 2 of 3

Kayin6poBka BbInosiHeHa ¢ MpUMEHEHHEM

: g : I ocydapcmeeunozo nepeuUdYHOo2c0 IMaioHa edunuu
Calibration is performed by using

6peMeHU, Yacmomol U HAYUOHAIbHOU UWIKAJTbL
eépemenu I'ITI1-98

YenoBusi kKaauGpoBKH

IOBHA o) Ammocehepnoe oaenenue 103 xlla,
Calibration conditions

memnepamypa okpyxcarouwezo ¢o3oyxa 21 °C,
OMHOCUMEIbHAA 61aMHCHOCMb 55 %

PesyabTaTsl kaiubpoBKH.

JleHCTBUTENbHBIE 3HAYeHHs pPA3HOCTeH 3aJepXeK M KX HEOoNpeleleHHOCTEH, OTHOCHTEIBHO
npuemMHoH ammaparypbl ['9T1-98, npu xoaddurmente oxpara k = 2 nmo pesynsraram KaruOpOBKH
npH cienyromen kondurypanuu npuemuanka (Technical Directives for Standardization of GPS Time
Receiver Software to be implemented for improving the accuracy of GPS common—view time
transfer by the Group on GPS Time Transfer Standards, a Sub-Working Group of the CCDS
Working Group on improvements to TAI, Rapport BIPM—-93/6).

INT DLY =-33.70 ns (GPS), -130.30 ns (GLONASS)
CAB DLY =595.90 ns (GPS), 595.90 ns (GLONASS)

REF DLY =248.00 ns

Cpennee 3HaueHHE
. Pacimmmpennas
HOnuanckas Tun pe3yIbTaTOB U3MEPEHU I ” DR e
nara chrsana Tops (TTS-3 Ne 026) — Kic;lé)p¢§u}1 Z‘;Te OTXBgff
MJD Tgps (TTS-3 Ne 025), jais
HC
HC
56279
56280 ¥ 0,4 6,0
Cpennee 3HaueHune Pacmmpennas
HOnmanckast Tun pe3yIbTaTOB U3MEPEHUH HEONpeIeNEHHOCTD TIPU
nara CUTHa/Ia Trnonacc (TTS=3 Ne 026) — koo dunrenTe oxnara
MID TFHOHACC (TTS—4 No 025), k= 2,
HC HC
56279
56280 EIC 0,5 10,0




CepTHdpuKaT KAJIHOPOBKH
Calibration certificate

Homep cepruduxara RU 02 Ne 0286 Crpanuna 3 u3 3
Certificate number Page 3 of 3

Calibration results including uncertainty

Pacwupennan neonpedenennocmo nonyuena nymem YMHOMCEHUA CMAHOGPMHON HeonpedeieHHOCU Ha
Kodpuyuenm oxsama k = 2, coomeemcmeyiouiezo yposHio 0oeepus npudiuzumensio paswomy 95 % npu
OORYWeHUU HOPMANbHO20 pacnpedenenusn. OUeHUSAHUE HEONPEOCNeHHOCHU NPOEEOCHO 6 COOMEEmCmeuu ¢
«PyKoeoocmeom no evipasicenuio Heonpedenennocmu usmepenuiny (GUM).

The expanded uncertainty is obtained by multiplying the combined standard uncertainty by a coverage factor k = 2
corresponding to a confidence interval of approximately 95 % assuming a normal distribution. The evaluation of
uncertainty is conducted according to the “Guide to the expression of uncertainty in measurement” (GUM).

HononnureabHas uapopmanus
Additional information

IToanuce una, BHINOTHABIIEr0 KAJTHOPOBKY % A. JI. Kanumonoe

Signature of the person who has performed calibration Beoywuu UHICEHED

I'MI] I'CBY
oIyl «BHUUHDTPH»



