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Purpose. Increasing the accuracy and efficiency of satellite verification of time scales, which depends on the
influence of the flow of solar plasma on the dynamics of the Earth ionosphere, by mathematical correction of re-
sults of fixing time metrology parameters with GPS.

Methodology. To resolve this problem, the following methods are offered: low-pass filtering of time series
data with GPS in a range of fundamental frequencies of these oscillations of satellite data, linear regression, which
removes the slope with GPS values, integration which allows smoothing relatively high frequency oscillations of
the data with GPS, differentiation, which can help to set the stochastic properties of the data with GPS data more
accurately to calculate the relationship with time shift, which is the main on its own results for the solution of this
problem.

Findings. One of the methods for controlling the metrological synchronism of time scales is based on the use
of electromagnetic signals sent from satellites. Spreading through the atmospheric envelope of the Earth, the satel-
lite signals are exposed to radio waves from the ionosphere particle, which manifests itself most noticeably in the
ionospheric delay. Studies of oscillations of travel time of radio waves from space satellite to GPS receivers (RNSS:
GPS / GLONASS / EGNOS) showed that the frequency of their changes over time depends on the plasma flows
from the Sun and the Earth’s magnetic field, which reaches a maximum value in the conventional “noon”, that is
at the time when the relative distance between relative position of the sun and the observation point on the Earth
reaches a minimum. These low values of correlation coefficients have also showed that there is no relationship
between the gravitational field of the Earth and wave dynamics time. The most important result of the research is
to determine the optimal method of correction of metrology process time built through the use of the calculations
of mutual relations of GPS time series.
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Originality. To eliminate a process of satellite-time system oscillations four different methods are suggested
including linear regression, integration, differentiation and calculation of this relationship with time shift. The
results of the comparative analysis of these methods allowed choosing the most appropriate method for calculating
the relative ratio of the GPS data, completely removing the effect of extra time for metrology outer shell of the
Earth’s ionosphere. Very low values of the calculated correlation coefficients showed the lack of a clear link be-
tween the gravitational field of the Earth and the dynamics of these waves on the GPS receivers.

Practical value. Properties of the most efficient and high-quality method to eliminate in time change the
oscillation travel time of radio waves from space satellite to the GPS depending on the plasma flows from the sun
and the influence of Earth’s magnetic field, which is the result of calculating the relative ratio of the values for dif-
ferent time intervals, allow using it as the best and the most correct method for time metrology system in Ukraine,
where it is possible to use any single frequency GPS which is rather cheap.

Keywords: timeline, metrological control, secondary standard units of time and frequency, the satellite
time reference, the ionosphere, ionospheric delay of radio waves, the gravitational effect, the water level dy-

namics

Introduction. In 2010 at SE “Ukrmetrteststan-
dard”, Secondary Standard of Time and Frequency
units (SSTF) modernization of all devices for saving
units of time and frequency was realized by means of
replacing two active hydrogen frequency standards.
The basic part of SSTF consists of four continuously
working active hydrogen frequency standards (AHFS):
three of them (one CH1-80 and two VCH-1005) are in
the measure group, the other one — CH1-80 is on hot
standby [1]. For measurement dynamics of the water in
borehole “Kryvyi Rih” Dutch device SC0109 of “Ei-
jkelkamp” firm is used that has a stainless steel housing
and a ceramic pressure sensor, with a 22 mm diameter,
90 mm long, available for different measuring ranges,
with memory capacity 24 000 for measurements. The
MiniDiver (Table 1) is the smallest device in the world
for measuring automatically and recording groundwa-
ter levels and groundwater temperatures [2].

Influence of ionosphere dynamics on SSTF.
SSTF continuously carries out external and internal
remote verifications of its metrological characteristics
that are based on the approved method. The internal
verification is performed on the basis of inbuilt VCH-
1005 frequency comparators, the external one (with
SSTF) is done by means of a comparison system that is
built on base of commutators, CNT-90 and the NovA-
tel OEM628 of the global navigation satellite system
(GNSS) receiver: GPS/GLONASS/EGNOS.

Fig. 1 shows relative instability of frequency BC23
and BC21 within diurnal time interval (100000 seconds).
It must not exceed the value of more than 6 - 1075, In
case of external verifications the change of inequality
of time scales of Primary Standard of Time and Fre-
quency units (PSTF) and SSTF is determined with
succeeding finding of discordance of their frequencies.

Frequency noise of a radio signal becomes appar-
ent basically due to variations of delay of its propaga-
tion in ionosphere that is non-stationary plasma. Vari-
ations of delay are proportional to the value of total
electronic concentration £ on the way of propagation
from a navigation satellite to a receiver (D), which is
determined as

E=|N,dr, (1)

where A, is electronic concentration, integration is
made along the way of propagation of the signal within
the limits from 0 to D.

The value A, is influenced by natural processes
which occur in Space and on the Earth (solar and geo-
magnetic activity, thunderstorms, earthquakes, volca-
noes etc. [3]), as well as technogenic ones (rocket
launches, explosions etc.) and others. Figs 2—4 show
the schemes of delay of propagation of the radio signal
ATggrpobtained from August to October, 2014.

Fig. 5 shows the relative value of the difference of
frequencies of master standard SSTF and a receiver of
GNSS signals for an averaging diurnal interval based
on the results of measurements of corresponding dif-
ferences of 1 second marks from March 2010 to June
2014. The behavior and deflection up to 2.5 - 1073 is
not peculiar for hydrogen standard and the values of it
are more approximate to 6 - 1075,

A similar situation will be detected if the measure-
ments of frequency (measured on base of using inter-

PLL-unit Frequency comparator
17.10.2014 10:3354 B=10Hz K=1.e6

E{y}=8.6e-14, averaging interval = 100000 s

Relative frequency difference (1.e-12)
0.25

Table 1 0419
Technical parameters of MiniDiver Model 11.11.01.02 013
/‘—/\
Pressure Temperature 0.06
Parameter '
Value Unit Value Unit "~
0.00
Range 10 meter | —20...+80 °C 0 10 20 30
Accuracy +0.5 cm H,0 +0.1 °C . o -
- - Fig. 1. The relative instability of frequency BC23
Resolution | 0.2 | emH,0 0.01 C and BC21 within diurnal time interval
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Fig. 2. Flash on the Sun on 24 August 2014
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Fig. 3. Powerful flash of the Sun on 17 October 2014
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In case of the measuring the light wave running

time from space satellites to terrestrial GPS receivers
[3], some oscillation can be detected which features

clearly defined periods and their values are almost ex-

Fig. 4. Partial Lunar eclipse on 8 October 2014

nal comparator of master standard) are carried out
from a receiver of GNSS signals through an internal
comparator of a hydrogen standard (Fig. 6). In this
case the deviations reach the values of about 3.5 - 10753,
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 4
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Fig. 5. Relative difference of frequencies of master standard SSTF and signals of a GNSS receiver according
to the measurements of the differences corresponding to 1 second marks from March 2010 to June 2014

PLL-unit Frequency comparator
05.08.2014 6:15:14 B=10Hz2, K=1.e6

E{v}=-3.0e-14, averaginginterval = 100000 s
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Fig. 6. The relative difference of SSTF frequencies
and a receiver of GNSS signals within diurnal
time interval of 100 000 s for 55 days

actly equal to 24 hours. The causes of these changing
measurement parameters may be as follows: the effect
of gravity of the Sun and the Moon on the level of the
position of the surface of the Earth relative to space
satellites, and the Earth ionosphere activation under
influence of plasma streams from the Sun to the
Earth [4].

Correlation between influence of ionosphere
dynamics and water level in boreholes. For under-
standing the nature of these changes to high precision,
we need to compare them with other well-known pro-
cesses of changing some other parameters of the Earth,
which have exact evidence of influence of the Sun and
the Moon on their dynamical and static conditions.
One of these geophysical parameters with exact diur-
nal variation is a water level in the borehole of Kryvyi
Rih, Ukraine [6, 7] with changes accurately related to
relative positions of the Sun and the Moon.

In Fig. 7 common graphs of compatible temporal
changes of the water level in the borehole are shown as

40

well as the values of metrological parameters of SSTF.
At a first glance, all three graphs in Fig. 7 feature very
compatible oscillations of the level of water in the bore-
hole and the time of propagation of radio waves from
the space satellite to devices for external and internal
comparisons of SSTF (BC06 & BC21 from GPS).
A very big size of the graph with a time interval from
2014/09/25 09 : 40 : 00 to 2014/12/16 11 : 30 : 00 (it is
about four months) does not allow understanding the
nature of these oscillations fairly enough. The interval
of time that was changed shows that within informa-
tional parameters of radio wave propagation BC06 and
BC21 12-hours oscillations do not exist, which have
been detected on graph of water oscillation in borehole
of “Kryvyi Rih” (middle) to high precision.

Preliminary visual analysis of time of radio wave
propagation from 26 to 29 October 2014 (Fig. 8 upper
and bottom) and the water level in the borehole of
“Kryvyi Rih” (Fig. 8) clearly shows that between the
graphs of water level changes and the graphs of radio
wave propagation for verification devices of the time
there is no obvious relation. In addition, we can see in
Fig. 8 that maximal values of water level and propaga-
tion time are in anti-phases themselves.

We can see the absence of the sharpness of maxima
in time intervals where maxima of radio wave propaga-
tion are present that may be connected with some cha-
os of behavior of this metrological system of time in
case of its temporal change. In Fig. 8 (upper and bot-
tom) we can see that in case of the growth of propaga-
tion time, it changes stably enough without significant
stochastic oscillations. This parameter has a long-term
decline after reaching its own maximal value and has
significant deviations of current variables for their
middle values.

Therefore, the growth of time of radio wave propa-
gation reaches the maximum fast enough but its de-
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Fig. 7. Temporal change of metrological parameters in relation to the scale of time BC06 (top), BC21 (bot-
tom) and the level of water in the borehole of “Kryvyi Rih” (middle)
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Fig. 8. The oscillation of time arrival of radio waves from satellites at GPS receivers BCO6 and BC21 (upper
and bottom) and the level of water (middle)
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crease to its minimum goes slowly, with delay and in-
creasing level of stochastic oscillations. For evidence
or refutation of periodical diurnal influence of gravity
field of the Sun on the system of metrological control
of time using terrestrial GPS receivers, the method of
correlational relations between the water level in
“Kryvyi Rih” borehole and temporal series of the time
of radio-wave run in relation to the scales of time
BC06 & BC21 can be used.

The usual values of temporal sequences of BC06 and
BC21 and their modified variants can be in use in carry-
ing out these procedures. The idea of modification of
these temporal sequences may be based on their oppo-
site value that allows changing the coefficient of correla-
tion significantly. For procedures with exact results of
confirmation or refutation of connection processes be-
tween BC06 and BC21 and the level of water in “Kryvyi
Rih” borehole the well-known mathematical table of
coefficient correlation of the values which allows evalu-
ating exactly either presence or absence of interaction

between any temporal processes must be applied. This
approach was used for calculation of correlation coeffi-
cient for search of the relations between the sunspot dy-
namics and the number of earthquakes [8].

Table 2 shows experimental calculations of the cor-
relation coefficient calculated by applying different or-
ders and values of input data for calculation program.
The most scientifically attractive is its maximal value
which reaches the value of 0.741323. Since this value is
within the range from +0.7 to +1 it means that both
processes BC06 and BC21 have strong relationships in
the temporal area.

Correlation analysis of obtained data. The con-
ducted research of the nature of periodical change of
radio wave time arrival from space satellites has shown
that the periodical change of this parameter is pro-
duced by the magnetic field of the Sun, which influ-
ences the ionosphere of the Earth and the dynamics of
it decreases values of the process of time fixation on
any GPS devices irrespective of their relative positions.

Table 2

Dependence of correlation coefficient between water level in the borehole and time oscillation data

from terrestrial GPS in relation to time scales of SSTF

N | The conventional name | The correlation ..
of the couple data coefficient The description of the data
1 | KRRG.DAT BC06.DAT —0.108539 The couple: water level of “Kryvyi Rih” — the temporal interval of the
time for radio waves BC06
2 | BC21.DAT KRRG.DAT 0.011650 The couple: temporal interval of time for radio waves BC21 — water level
of “Kryvyi Rih”
3 | BC06.DAT BC21.DAT 0.741323 The couple: temporal interval of time for radio-waves BC06—BC21

o
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Fig. 9. The calculation of average value (a) of temporal radio-wave propagation from satellite to GPS re-

Eom—

ceiver with removed constant 1.59322 - 107'° (b) for a long time period of measurements

42

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2016, N2 4




®I3BNKA TBEPAOTO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

For the reliable metrological system of time condition
control these decreased processes must be removed.

The problem solution is possible with application
of several methods for data processing and transfor-
mation which, for instance, are used in several other
areas of geophysics. The following variants are among
them: low frequency band of filtration, linear regres-
sion, integration, differentiation, and calculation of
these data relation to temporal shift. Let us consider
some features of several ones, which are the most suit-
able for application in this area of studies of the metro-
logical temporal control condition.

Linear regression. The result of this method is
shown in Fig. 9, where we can see that the following
case of ordinary linear regression a * x + b allows
changing wave forms into simple lines.

Differentiation. For special transformation of the
system for measurement of the arrival time from satel-
lites the differentiation of the source data can be used
which helps to remove excessive constants from the
value of propagation time. The result of such a numer-
ical mathematical operation, which allows receiving
significant decrease in a level of its oscillation, may be
numerically calculated by applying a traditional meth-
od of numerical integration. In this case the order of
amplitude decrease may be achieved which is over
1000 times. A disadvantageous property of this pro-
posed operation is the significant noise in array of val-
ues of amplitudes of propagation time that is based on
numerical errors in processes of numerical integration.

pitsa

For the removal of oscillations with significant value of
amplitude of time of radio wave propagation after
mathematical differentiation the method of linear re-
gression can be used again, which allows making the
change of all oscillations by one constant. For exam-
ple, in the proposed and carried out calculations this
constant has a value of 4.833228 - 10~°. The use of this
method allows finding the presence of trend in metro-
logical parameters of time. The last attempt with ap-
plication of this method of linear regression allowed
reducing the value of constant of linear trend to the
number of 5.39444 - 10~'? for 28 days, that is signifi-
cantly smaller and contributes to solving the problem.

The ratio. The use of different methods for elimi-
nation of influence of changing density of the iono-
sphere on the system of metrological control of time
has shown that the most optimal one is a method of
calculation of a ratio of temporal series of radio wave
propagation time to itself with some shift in time.
A short study on the quality of this method application
has shown that it might be used for temporal series of
propagation time for a radio wave of any duration. For
example, in Fig. 10 we can see the result of calculation
of ratios of temporal sequences of propagation time for
a radio-wave with a 10-minute shift. The maximal and
minimal values of ratios of temporal sequences with
relative shift by time are equal to 1592.5 and —198.39,
respectively (Fig. 10, ¢). Searching for the optimal val-
ue of temporal interval by relation to the time shift,
some steps were taken to find an acceptable value of

0.02978R

-0.040056 I I I I I I I I I I

(1)
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Fig. 10. A ratio (c) of temporal series of radio-wave propagation (a) time to itself, with some shift in time (b)
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this parameter. The minimal temporal interval for this
procedure was selected as 24 hours. In Fig. 10, ¢ the
ratio of temporal sequences (Fig. 10, a, b) with a
10-minute shift by time is shown.

Conclusions. The conducted research on tempo-
ral oscillations of radio-wave time arrival from space
satellites at GPS receivers (GNSS: GPS/GLONASS/
EGNOS) at SE “Ukrmetrteststandard” has shown
that the periodicity of their temporal change depends
on plasma flows from the Sun and its magnetic field
that reaches maximum value on a conventional noon,
in other words in that period of time when the distance
of the relative position from the Sun to the point of
observations on the Earth reaches its minimum. Low
values of the correlation coefficient have also shown
that there is no obvious relation between the gravity
field of the Earth and dynamics of the radio waves. In
order to limit this kind of negative influence of external
factors and to improve the accuracy and efficiency of
the satellite, three different methods are offered to
eliminate this major problem.
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Merta. IligBuIeHHSI TOYHOCTI Ta e(PEKTUBHOCTI
CYNYTHUKOBOTO 3BipeHHS IIKaJ yacy, 110 3aJIeKUTh
BiJ BIUTMBY TOTOKY COHSIYHOI TJIa3MM Ha JUHaAMIiKy
ioHocepur 3emiti, LIJISIXOM MaTeMaTUYHOI KOpeKIil
OTPUMaHUX Pe3yJbTaTiB METPOJIOTii Yacy 3 BUKOPHUC-
TaHHSM ogHouacToTHUX GPS-npuiimauis.

Mertoauka. /s ycyHeHHs lii€i mpobiemMu 3a-
MPOMNOHOBAHI HACTYIHI METOAW: HU3bKOYaCTOTHA
dineTpailig psaaiB yacopux nanux i3 GPS y niamazoHi
OCHOBHMX YaCTOT 30HM OCLMJISILIII TaHUX 3 CYIIyTHU-
Ka; JIiHiliHa perpecis, 110 Npudupa€e HaxXWJI 3HaYEHb
3i GPS; iHTerpyBaHHs, 1110 JO3BOJSIE 3MIAAWUTHU Bifl-
HOCHO BMCOKOYAaCTOTHI ocumisii nanux i3 GPS; nu-
depeHIIiFoBaHHS, 32 TOTTIOMOTOIO SIKOTO MOXKHA OiTbIII
TOUHO 3PO3YMITU CTOXaCTUYHi BJIACTUBOCTI JaHMX i3
GPS i po3paxyHOK BiZHOILIEHb JAHUX 3 YACOBUM 3CY-
BOM, III0O € OCHOBHMM 3a BJIACHUMM pe3yJbTaTaMu
JIJIST BUpiLIEHHSI i€l MpOoOJeMU.

Pesyabrat. OauH 3 METOMIB METPOJIOTIUHOrO
KOHTPOJIIO 32 CUHXPOHHICTIO 11IKaJl Yacy 3aCHOBaHU I
Ha BUKOPHCTaHHI €JIeKTPOMAarHiTHUX CUTHAaIiB, 110
nocuaarTbes i3 cynyTHUKIB. Tlomuproounch Kpi3b
atMocdepHy 000I0HKY 3eMJTi, CYITyTHUKOBi CUTHAIN
Oiaga0ThCs BJACTUBOMY paliOXBUJISIM BILUIMBY 3 OOKY
ioOHOC(PepHUX YACTMHOK, IO HAWOIAbII TTOMITHO
MPOSIBISIEThCS B ioHOC(epHiil 3aTpumili. [1poBeneni
JOCTIMKEHHSI OCHWISILIN 4acy MpoOiry paaioxXxBuii
BiJ HaBirauiiiHoOro CyrnyTHUKa OO0 OJHOYACTOTHOIO
GPS-nputimaua (PHCC: GPS / GLONASS) noka-
3aJIM, 110 MePiOANYHICTD X 3MiHU y Yaci 3aJIeXKUTh Bif
MoTOKiB r1a3Mu 3 CoHIIs Ta MArHITHOTO T0JIs1 3eMJTi,
SIKi TOCSTalOTh MAKCUMAJIbHOTO 3HAYCHHS B YMOBHHI
,,IOJIyAEHb ", TOOTO Y TOI Yac, KOJU BiCTaHb BiTHOC-
Horo po3atairyBaHHsI COHIIS Ta TOYKH CITOCTEPEKECHb
Ha 3emti mocsirae MiHiMymy. OTpuMaHi HU3bKi 3Ha-
YyeHHsI KOe(IilliEHTIB KOpeslii MixK rpaBiTalliliHUM
rnosieM 3eMJIi Ta TUHaAMiKOIO ioHOC(EpHOI 3aTPUMKU
TaKOX ITO0Ka3aJIv, 1110 Ha PiBHI YyTJIMBOCTI cepiliHOTO
BUMIipIOBAJILHOTO 00JIalHAHHS Ta BUKOPUCTAHOI Me-
TOAMKU BUMIpIOBaHb, 3B 30K BiAcyTHili. HaiGinbin
BaXXJIMBUM PeE3yJbTaTOM IMPOBENESHUX TOCIIIIKEHb €
BU3HAYEHHS ONTUMAJILHOTO METOMY KOPEKIIii mpolie-
Cy METpOJIOrTii yacy, moOyn10oBaHOIO Ha OCHOBI BUKO-
puUCTaHHSI PO3pPaxXyHKiB B3aEMHUX BiIHOIIEHb Yaco-
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BUX PS/iB, OTPUMAHUX MPU MOPIBHSIHHI CUTHAMIB i3
GPS-npuiimaya Ta CUTHaJTIB 31 BTOPUHHOTO €TaJIOHY
ONWHUIB Yacy i YaCTOTH.

Haykosa HoBu3HA. JI)151 BUmajJeHHS 3aiiBOTO ST
METPOJIOTII MPOLEeCY OCUMIISALLT CUCTEMU CYyTHUKO-
BOTI'O Yacy 3aIpOIIOHOBAHO YOTUPHU Pi3HUX METOIU —
JIiHiliHaA perpecis, iHTerpyBaHHs, TUdepeHLiI0BaHHS
Ta PO3PaxXyHOK BiTHOIIIEHb TaHUX 3 YACOBUM 3CYBOM.
Pesynbratu mopiBHSUIBHOTO aHai3y LIMX METOMIIB 10-
3BOJIMJIM BUOpATU 3 HUX HANOUIbILI ONTUMAabHUI
METONl PO3paxyHKy BigHocHoro BigHoiieHHs GPS
JNIaHWUX, 11O TTOBHICTIO MpUOWpae 3aiiBUI 11T METPO-
JIOTi1 yacy BIUIMB 30BHIIIIHbOI iOHOC(EpHOI 000JIOH-
kU 3emi. [ly>e HU3bKi 3HAYEHHST PO3PaXOBaHUX KO-
e(dilieHTiB KOpeJisilil moKa3aiu, 110 YiTKOro 3B’ SI3Ky
MIX TpaBiTalliiHUM TIojleM 3eMJi Ta JMHAMiKOIO
XBUJIb JaHuX Ha GPS-npuiiMauyax HeMae.

IIpakTnyna 3HayumicTh. BiactuBocTi Haii-
OibII €(PEeKTUBHOTO Ta SIKICHOTO METONY YCYHEHHS
OCUMJISLIN Y YacoBili 3aTpuMILIi MPoOIry pamioXBuJIi
Big HaBirauiiiHoro cynytHuka no GPS-npuiimaua B
3aJIeXKHOCTI Bil MOTOKIB Iu1a3Mu 3 COHLIS Ta BILIUBY
MAarHiTHOro moJjisi 3eMJli, 10 € pe3yJbTaTOM po3pa-
XYHKY BiTHOCHOTO BiJTHOILIEHHS 3HAYEHb 3a Pi3Hi iH-
TEepBaJid 4yacy, 103BOJUTh BUKOPUCTOBYBATU MOTO SIK
HaWOUIbII ONTUMAJILHUMN i KOPEKTHUN MeTod s
CUCTEM TTOPiBHSIHHS Yacy B YKpaiHi, sIKi BAKOPUCTO-
BYIOTb OyIb-sIKi OOHOYACTOTHI HJOCTAaTHbO JellleBi
GPS-npniimaui.

KuouoBi caoBa: wkana uacy, mempoaociuHuil
KOHMpPOAb, 8MOPUHHUI eMAA0H 00UHUUb 4acy ma
yacmomu, CynymHuKo8uUil emanoH 4acy, ioHocge-
pa, ioHocghepna 3ampumka padioxeunvb, 2pasima-
UitiHuil echekm, OUHAMIKA Pi6Hs 600U

Iean. [ToBbieHre TOYHOCTU U 3(DHEKTUBHOCTU
CITYyTHUKOBOTO CJIMYEHUsI IIKaJl BPEeMEHH, KOTOpOe
3aBHUCUT OT BIIMSTHUS TTOTOKA COTHEUHOM TIa3MBI Ha
IMHAMWKY MOHOC(epsl 3eMJI, IMyTeM MaTeMaTude-
CKOM KOppEeKIINU pe3yIbTaToB (PUKCALIUM T1apame-
TpoB MeTpoJiornu BpemeHu ¢ GPS.

Metonuka. JInsg ycTpaHeHUsS 3TOM TPOOIEMBI
MpPEeMIOKEHBI CIASIYIONINe METOMNbl: HU3KOYAaCTOTHAs
dunbsTpanus psaoB BpeMeHHbIX maHHBIX ¢ GPS B
IMara3oHe OCHOBHBIX YaCTOT 30HbI OCHMIISLIUUA
JNIaHHBIX CO CITyTHMKA; JIMHEHasl perpeccusi, KOTo-
past youpaeT HakJoH 3HaueHuit ¢ GPS; unrerpupo-
BaHUE, TMO3BOJISIONIEe CIJIAAUTh OTHOCUTEIBHO BbI-
COKOYACTOTHBIE OcUWLISIMU HaHHbIX ¢ GPS; nud-
depeHIIIpPOBaHNE, C IIOMOIIBI0 KOTOPOTO MOXKHO
0oJice TOYHO YCTAHOBUTDH CTOXaCTUUECKUE CBOMCTBA
maHHbIX ¢ GPS 1 paccunTaTh OTHOIICHMS JAHHBIX C
BPEMEHHBIM CIBUTOM, UTO SIBJISICTCS OCHOBHBIM IIO
COOCTBEHHBIM pe3yJIbTaTaM IJIs PEIICHUST 3TOU IIpo-
OJIEMBI.

PesynbraTel. OquH 13 METOOOB METPOJIOrUYe-
CKOT'0 KOHTPOJISI 32 CUHXPOHHOCTBIO IIKaJ BpeMEHU
OCHOBaH Ha MCIMOJb30BAaHUU BJEKTPOMarHUTHBIX
CHUTHAJIOB, OCBUIAEMBIX CO CITyTHUKOB. PactipocTpa-
HSISICh Yyepe3 aTMOCGhEPHYIO 000J0YKY 3eMIU, CITyT-
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HUKOBbIE CUTHAJIbI OABEPTalOTCsl MPUCYILIUM ParO-
BOJIHAM BJIUSTHUSIM CO CTOPOHBI MOHOC(EpPHBIX Ya-
CTHII, KOTOpBIe HamboJjiee 3aMETHO IIPOSIBIISIETCSI B
noHocdepHoI 3amepkke. [IpoBeneHHBIC ccIenoBa-
HUSI OCHWIISIINN BpeMeHU ITpo0Oera paaTruoOBOIHEL OT
KocMuyeckoro cmytHuka Ha GPS-nmpuemHnkn
(PHCC: GPS / GLONASS / EGNOS) noka3zanu,
YTO MEPUOAUYHOCTH UX U3MEHEHUSI BO BDEMEHU 3a-
BUCUT OT IOTOKOB TJ1Ia3Mbl ¢ COTHIIa 1 MAarHUTHOTO
nojist 3eMJiM, KOTOpPOE€ IOCTUraeT MaKCHUMaJbHOIO
3HAYECHUS B YCIIOBHBIN ,,[TOJIJCHB™, TO €CTh B TO Bpe-
MsI, KOT/Ia PacCTOSIHUE OTHOCUTEIbHOIO pachoaoxXe-
Hust ConHLAa M TOYKM HabJoAeHU i Ha 3eMiie 1OCTU -
raet MuHHMyMa. [lomydeHHBIE HM3KWE 3HAYCHUS
K03 DUITMEHTOB KOPPEISIIINU TaKKe MTOKA3aJIM, 4TO
CBSI3M MEXIY TPaBUTALIMOHHBIM ITOJIeM 3eMJIN U O~
HaMUMKOIi BOJIH BpeMeHU Toxe HeT. Haubonee Bax-
HBIM pEe3yJIbTaTOM IPOBENCHHBIX MCCICTOBAHUM SIB-
JISIETCSI OTIpene/IiCeHIEe ONITUMAJIbHOTO METOIa KOPPEK-
LIMM Tpoliecca METPOJIOTUU BPEMEHU, ITOCTPOSHHOTO
Ha OCHOBE MCIT0JIb30BaHUSI PACYETOB B3aMMHbBIX OT-
HollIeHU# BpeMeHHbIX psimoB GPS.

Hayuynas noBusHa. /114 ynajaeHus npoiecca oc-
LIS CUCTEMbI CIIYTHUKOBOTO BPEMEHM TIPEI-
JIOXKEHO YeThIpe pa3MYHbIX METOAa — JIMHEWHas pe-
rpeccus, MHTETpUpoBaHue, nnuddepeHInpoBaHNE 1
pacyeT OTHOIIIEHUI JaHHBIX C BPEMEHHBIM CIIBUTOM.
PesynbraTtel cpaBHUTETBHOTO aHAIN3a 3THX METOIOB
TTO3BOJIMJIA BBIOpATh M3 HUX HAN0O0JIee ONTUMAaTbHBI
METOH, pacueTa OTHOCHUTeIbHOro ortHoieHue GPS
TIaHHBIX, TIOJJTHOCTHIO YOUpPAaeT BIAUSHUE JTUITHEN 11T
METPOJIOTUY BpeMEHU BHEIIHEN MoHOC(hepHOI 000-
Jiouku 3eman. OueHb HU3KKE 3HAUEHUST pacCUMTaH-
HBIX KO3 (hUIIMEHTOB KOppeasIlUMy IMoKa3aaud, 4To
YETKOM CBSI3U MEX]Y IpaBUTALIMOHHBIM IOJIeEM 3eM-
JIM M AMHAMUKOM BOJIH faHHbIX Ha GPS-npueMHukax
HeT.

IIpakTuyeckas 3HauuMocTb. CBolicTBa HaMbO-
Jee 3(PEeKTUBHOIO 1 Ka4eCTBEHHOTO METOIa yCTpa-
HCHUS B U3MEHCHUSIX BpEMEHHBIX OCHWIISIIINNA Bpe-
MEHU Mpobera paIruoBOIHBI OT KOCMUYECKOTO CITyT-
Huka Ha GPS B 3aBUCHUMOCTH OT ITOTOKOB ITIJIa3MBI C
CoHIIa ¥ BAMSIHUSI MATHUTHOTO MOJIST 3eMJIM, KOTO-
DBIii SIBJISIETCS Pe3yAbTaTOM pacyeTa OTHOCUTEIbHOIO
OTHOLIIEHWE 3HAaYeHUN 3a pas3jauyHble MHTEPBaJIbI
BPEMEHM, MO3BOJISIOT €r0 UCII0JAb30BaTh Kak Haubo-
Jiee ONTUMAaJTbHBIN M KOPPEKTHBIN METOI JIJIsSI CHCTe-
MBI CPaBHEHUS BpEMEHM B YKpanHe, IIe MOXHO 1C-
MOJb30BaTh JIIOOO OAHOYACTOTHBIN JOCTATOYHO Je-
meBblii GPS-npueMHUK.

KimoueBble CIIOBA: wKaia epemenu, Mempono-
eUYecKUll KOHMpPOAb, 8MOPUUHbBLI SMANOH eOUHUL,
8peMeHU U 4aACMOMbL, CNYMHUKOBLU SMAN0H 8pe-
MeHU, uoHocghepa, uoHochepHas 3adepicka paouo-
B0JIH, epasuUmMayUOHHbLI 3¢hgpexm, OuHamuka ypoe-
Hs1 6000l
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