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Objective. Investigate the effect of absolute humidity on the GPS accuracy for different durations of observation.
Methods. The GPS observations with different durations over spring-autumn period at 17 permanent stations in
France and 8 stations in Switzerland were chosen for initial data. These observations used four GPS networks with a
different number of points (from 5 to 8) and lengths of vectors (average length varied from 5.1 to 48.6 km). Values of
absolute humidity were determined using the average values of air temperature, atmospheric pressure, and relative
humidity, obtained from 06:00 to 22:00. For our investigation we selected only those days when absolute humidity
varied significantly. The observationswere processed by the Trimble Business Center software, changing the duration
of the observations (1, 2, 4 hours). In total, 1.200 sessions were processed. By comparing the values of true
coordinates of the network points and those determined by the results of observations, we obtained the RMS (root-
mean-square) errors of the positions of the points. Results. The analysis of RMS position errors showed that thereisa
tendency for deterioration of the point’s position accuracy in the network when the absolute humidity is increasing.
The values of the RMS, obtained at the lowest and highest values of absolute humidity, for all networks and the
different durations of observations were compared. Thus, when the absolute humidity changed from 7.0 g/m® to
13,8 g/m? for the observation duration of 4 hours, the average values of RMS increased 1.6 times (from 4.4 mm to
7.0 mm), for the sessions of 2 hour duration the value of RMS increased 1.8 times (from 4.7 mm to 8.3 mm), and for
a 1 hour duration — 2.1 times (6.1 mm to 13.0 mm). Scientific novelty and practical significance. The environment
of satellite signals propagation remains one of the main sources of errors, in particular in the troposphere, which, in
essence, “forms’ the wesather. Although today more attention is focused on westher forecasting using satellite
navigation systems, there is also an inverse problem. The study suggests meteorological conditions, specifically
absolute humidity, should be considered to increase the accuracy of GPS-measurements. The obtained results of the
studies are quitereliable, since alarge amount of datais used. It is advisable to choose the days for GPS observations,
when the moisture content is minimal (no higher than 12 g/m®). From a practical point of view — the possibility of
using observable meteorological parameters obtained from the weather forecasts are feasible.
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Introduction teemed the neutral pat of the atmosphere) of
eectromagnetic oscillations that are used in GNSS

Satdlite technology is widdy used in geodesy and
navigation. This technology can provide eficient and
fairly high accurate results during al weether. The
accuracy, however, is regulated by a number of errors,
the incidence of which can dther be reduced, or
completey diminated. The sources of errors that affect
the results of GNSS measurements can be divided into
three groups, directly rdated to: satdlites (inaccuracy
of the clock, antenna offset, and antenna phase centre
variations); medium of digtribution (ionosphere
propagation, neutral amosphere propagation, and
multipath); receivers (clock error, antenna offst, and
antenna phase centre variations). Many leading
scientists consider the troposphere to be one of the
main sources of erors during GNSS observations
[Azizov A. A. & al. 1997; Hutorova e a. 2010,
Hofmann-Wdlenhof B., Lichtenegger H., Callins J.,
1994, Mendes V. B., Langley R. B. 1998].
Meteorological parameers, such as temperature,
humidity, and atmospheric pressure have a significant
effect on the digribution in the troposphere (also

[Antonovich K. M., Frolova E. K., 2003]. Specificaly,
the dday of a radio signal depends primarily on the
content of water vapor (one of the decisive factors
affecting the formation of wegather), its spatial-temporal
distribution and, to a lesser extent, on the surface air
temperature [Vahnin A. V., 2012; lvanov V. A. & 4.
2012, Kovorotnyj A. L. et d., 2014].

Today, not enough attention is devoted to the
influence of meteorological parameters on the
accuracy of GNSS measurements, since it is
believed that observation can be performed in
any weather [Zablotskyi F. D., 2013]. The issue
of using GNSS technologies for research of
weather and climate processes, which are aimed
at improving weather forecasting, is being
actively studied [Zablotskyi F. et al. 2011;
Kablak N. I., 2009, Kablak N. I., 2011; Devis M.
S., S. Businger, Herring T. A. et al., 1992;
Schueler T., 2001]. On the other hand, if climate
research and meteorology can rely heavily on
GNSS measurements, then the reverse may also
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be looked at. Since the change in atmospheric
pressure along the trajectory of the satellite
signal changes the refractive index and the speed
of this signal the least, the air temperature is
slightly more influential and, most of all, the
water vapor pressure. It is known that absolute
humidity is the mass of water vapor divided by
the mass of dry air in a certain volume of air at a
specific temperature. The warmer the air is, the
more water it can absorb. Absolute humidity is
the measure of water vapor or moisture in the air,
regardless of temperature. It is expressed as
grams of moisture per cubic meter of air (g/m’)
[Absoliutna volohist. Wikipedia]. Therefore, the
main focus of our study is precisely the
clarification of the effect of absolute humidity on
the accuracy of determining the position of points
on the relative satellite observations.

Objective

The purpose of this study is to clarify the effect
of absolute humidity on the GPS accuracy using
different lengths of observation sessions.

Network Nel

Methodology and results

Research  was  conducted using GPS
observations from permanent stations located in
Switzerland and France. Data was taken from
http://www.swipos.ch and http://rgp.ign.fr, which
also shows the coordinates of these stations, used to
calculate their coordinates in the Gauss-Kruger
projection. They were accepted as true and
compared to the adjusted coordinates of satellite
networks, determined from observations of
different durations.

Four networks were formed, their schemes are
presented in Fig. 1. The first of these consist of 8
permanent stations and 17 vectors with lengths of
32.9 to 74.2 km, and the average length of a vector
is 48.6 km. The second network consists of 7
stations and 14 vectors, the length of which varies
from 8.6 to 46.7 km (the average is 20.2 km). The
third network consists of 5 permanent stations and
9 vectors with lengths from 0.5 to 20.9 km (average
is 11.0 km). And the fourth — from 5 permanent
stations and 10 vectors with lengths from 0.9 to
11.4 km (average length is 5.1 km).

Network Ne2

Network Ne3

Network Ned

CSTN

Fig. 1. Schemes of Geodetic GNSS Network

The observations were processed by the
Trimble Business Center software. In this case,
both broadcast and precise orbits were used with
the same GPS data, and the elevation mask angle
was set at 15° All the processed data had an

observation interval of 30 s. It is worth noting
that the state of the ionosphere was also
analyzed, the quality of the obtained
observational results were checked (the necessary
information was obtained from
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http://www.trimble.com/GNSS Planning Online),
and the GDOP parameter was analyzed.

From observations with dual-frequency GPS
receivers (using only GPS satdlite signals),
sessions of different durations were formed,
namely, 1, 2 and 4 hours. Thus, for each network
eight sessions lasting 1, 2 and 4 hours were
processed. In total, 1 200 sessions were processed.

In addition, the values of absolute humidity
were determined using the average values of air
temperature, atmospheric pressure, and relative
humidity from 6:00 to 22:00 hours for a certain
period of time. These values were taken from
http://www.eurometeo.com. For network No. 1, the
absolute humidity for the two months of July and
August 2014 was determined and the days were
chosen when these values were the highest and
lowest. Therefore, seven days were chosen when
the absolute humidity varied from 13.7 to 16.3 g/m’
and seven days when these values ranged from 8.7
to 11.1 g/m®. For network No. 2, five days were
chosen, namely: two days in August and September
and one day in October 2016when the absolute
humidity was equal to 16.6, 14.2, 11.8, 11.1 and
10.6 g/m®. Also five days: three days in October
2016 and two days in January 2017, when these
values were 6.6, 6.4, 6.3, 2.9 and 2.6 gm’. For
network No. 3, the meteorological parameters were

humidity was determined and seven days were
chosen when the values were 15.6, 14.9, 14.2, 14.0,
13.9, 13.8, 12.9g/m® and seven days when these
values were 8.4, 6.6, 6.5, 6.2, 5.7, 5.1 and 4.5 g/m°.
For network No. 4, the absolute humidity change
was determined in April, May, and June 2017 and
six days were selected for each, when the absolute
humidity was 14.6, 14.5, 13.0, 12.8, 11.3, 11.2 g/m®
and 4.5, 4.7,5.2, 6.3, 6.3, 6.7 g/nr’.

For the above range, changes in humidity
values for all days (14 days) for network No. 1
were averaged to 12.7 g/m’. Similarly, these
average values were determined for other
networks. For network No. 2 — 9.6 g/m3, for
network No. 3 — 10.1 ¢m® and for network No. 4 —
9.6 g/m’. The difference between the highest and
the lowest absolute humidity values for network
No. 1 was 7.6g/m’>, for network No. 2 —
14.0 g/m®, for network Ne 3 — 11.1 g/m® and for
the last one— 10, 1 g/m?”.

According to the results of observations of 1, 2
and 4 hour durations for each network, we obtained
the RMS for the horizontal components of relative
position of the points. Table 1 shows the limits of
their change, the lowest and the highest values (A),
as well as the mean values. It should be noted that
column “h” in the table shows the results obtained
at high absolute humidity, higher than the average

analyzed from April to June 2017. The absolute for each network, and in column “I” —low.
Table 1
RM SE of points position (mm), obtained at low and high absolute humidity
Session network No. 1 network No. 2 network No. 3 network No. 4
duration, h h I h I H I h I

1 A | 84148 | 27927 | 151-12 | 7.741 | 17.7-0.6 | 8405 | 13.7-0.0 | 8.0-05

avg 29.5 12.3 6.2 4.1 6.6 3.8 6.1 4.0
5 A | 28844 | 152-22 | 126-1.2 | 7.0-1.4 | 158-0.7 | 7406 | 11.6-04 | 7504

avg 13.6 8.4 5.2 35 6.4 3.6 55 3.8
4 A | 20222 | 12216 | 10.8-1.1| 6.3-1.3 | 15605 | 7.0-0.8 | 11.5-00 | 7.7-0.0

avg 10.3 7.3 4.8 3.3 6.3 35 5.3 3.7

In addition, the average values of the RMS for
each observation time (1, 2, and 4 hours) and for
each sdected day were determined. Thus, for
network No. 1, we obtained 14 values of the RMS
for each duration of the observations (a total of 42),
for network No. 2 — 10 values (in total 30), for
network No. 3 — 14 values of the RMS (a total of
42), and for network No. 4 — 12 values of the RMS
of the positioning (in total 36). Graphs were
constructed for each network (see Fig. 2).

For al networks at different lengths of
observations, the minimum values of RMS position

errors occurred at the lowest absolute humidity.
According to the graph (Fig. 2), for network No. 1,
with a duration of observations of 4 hours and an
absolute humidity grester than the average
(12.7 g/m?), the least accurate was obtained in five out
of seven cases, and in six cases where the duration of
sessons was 2 hours, whereas at a duration of 1 hour —
only in four cases. Comparing the lowest and the
highest values of RMS pasition errors, obtained with
a duration of 4 hours for the lowest (8.7 g/m°) and
highest (13.8 gm°) absolute humidity, it was found
that the points positioning accuracy deeriorated
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2.5 times, with the duration of sessions of 2 hours and
absolute humidity of 8.7g/m’ and 139 g/m’ —
4.2 times, with a duration of 1 hour and an absolute
humidity of 8.7 g/m’ and 13.8 g/m’ — 10.7 times. For
network Ne2 with a duration of observations of 4 and
2 hours and absolute humidity greater than the
average (9.6 g/m’), the least accuracy was obtained in
all cases, and when the duration of sessions was 1
hour — in four out of five cases. Comparing the lowest
and highest values of the RMS, obtained at lower
(6.6 g/m’) and higher (14.2 g/m’) absolute humidity,
we found that accuracy deteriorated 2.3 times with a
duration of 4 hours, 2.4 times — 2 hours and 2.6 times —
1 hour. For network No. 3 according to the graph
(Fig. 2), with a duration of observations of 1, 2 and
4 hours and an absolute humidity greater than the
average (10.1 g/m’), inferior points positioning
accuracy was obtained in six out of seven cases.

Network No. 1

33

Comparing the lowest and the highest values of RMS
position errors, obtained at lower (5.1 g/m’) and
higher (13.9 g/m’) humidity, we found that accuracy
deteriorated 4.1 times with a duration of 4 hours,
3.9 times — 2 hours and 4 times — 1 hour. For network
No. 4, with a duration of observations of 4 and 2
hours and an absolute humidity greater than the
average (9.6 g/m’), less accuracy was obtained in six
out of seven cases, and for the duration of sessions 1
hour — in all cases. Comparing the lowest and the
highest values of RMS, obtained with a duration of 4
hours for the lower (6.3 g/m’) and higher (11.2 g/m’)
absolute humidity, we found that the accuracy
deteriorated by 1.9 times, when the duration of
sessions was 2 hours and humidity 4.5 g/m’
and 11.2 g/m’ — 2 times, with a duration of 1 hour
and an absolute humidity of 6.3 g/m’ and 11.2 g/m’ —
2.2 times.
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Fig. 2. The dependence of positioning accuracy for dual-frequency GPS-receivers
on absolute humidity for 1, 2, and 4 hour durations of observations
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In addition, we compared the values of RMS
errors obtained with the lowest absolute humidity and
the highest for al networks and different monitoring
times. Thus, for network No. 1, with a duration of
observations of 4 hours, the values of RMS obtained
at low absolute humidity is 47.1% less than the
values obtained for the highest humidity. With a
duration of 2 hours, respectively, 47.8 % less, and a
duration of 1 hour — 34 %. For nework No. 2 with a
duration of sessions of 4 hours, the values of the
RMS, determined at the lowest humidity, is only
0.2 % lower than the RM S, determined at the highest
absolute humidity. Similarly, these values for the
duration of 2 hours are 9.7 % and 1 hour — 23.3 %.
For network No. 3 with a duration of observations of
4 hours this value is 41.4 %, 2 hours — 45.6 % and 1
hour — 39.8 %. Network No. 4 was similarly observed
for a duration of 4 hours — 38.2 %, 2 hours — 43.3 %,
1 hour — 38.9 %.

Scientific novelty and practical significance

The propagation environment of satdlite signals
remain one of the main sources of erors, specificaly,
in the troposphere. In the earth's troposphere, more
than 4/5 of the totad mass of atmospheric air is
concentrated along with amost all atmospheric water
vapor. Also, the main meteorological processes occur
there, in essence, this is where wegther “forms’. The
study suggests taking into account meteorological
conditions, including absolute humidity, as a way to
reduce the impact of the environment on the accuracy
of GPS-measurements, to increase their quality. The
obtained results of the conducted studies are quite
riable since a large amount of data was used. It is
advisable to choose days for observations when the
moisture content is minimal (no higher than 12 g/m).
From a practical point of view — the possibility of
using observable meteorological parameters obtained
from wesather forecasting isfeasible

Conclusions

Having analyzed the obtained results, we see that
there is a tendency of deterioration of the points
paositioning accuracy with the increase of absolute
humidity. When the absolute humidity changed from
7.0 g/m’ to 13.8 g/m® and the duration of observations
was 4 hours, the average value of RMS increased by
1.6 times (from 4.4 mm to 7.0 mm), for the duration
of sessions of 2 hours, the value of RMS increased by
1.8 times (from 4.7 mm to 8.3 mm), and for the
duration of 1 hour — 2.1 times (from 6.1 mm to
13.0mm). Today, more attention is focused on
westher forecasting using satellite navigation systems,

but as we see theae are othe considerations.
Therefore, to achieve greater accuracy in determining
the position of GPS-receivers, it is advisable to take
into account weather conditions, in particular to select
the days for observations when the moisture content is
minimal (no morethan 12 g/m).

REFERENCES
Absoliutna volohist [absolute humidity. [Wikipedia, the
free encyclopedia)l. Available at:

https://en.wikipedia.org/wiki/Humidity

Antonovich K. M., Frolova E. K. Sovmestnoe ispol'zovanie
meteodannyh nazennyh i gjerologicheskih nabljudenij
pri obrabotke sputnikowh izmerenij [The use of
meteorological data from terrestrid and agid
observations in  the processing of sadlite
measurements]. Vestnik SGGA. 2003, issue 8, pp. 8-13.

Azizov A. A., Gakovich K. P, Kashkarov S S, Chernja
eva M. B. Igpol'zovanie sgnalov navigacionnyh 1Z dija
opreddenija parametrov atmodery [Use of navigaion
satdlite Sgnals to determine atmospheric parameery. 12v.
VUZov. Radidfizka [Radiophyscs and Quantum
Electronicg), 1997, T. XLI, no. 9, pp. 1093-1110.

Devis M. S., Businger S., Herring T. A. et a. GPS
meteorology: remote sensing of atmospheric water
vapor using the Global Positioning System.
J. Geophys. 1992, v. 97, pp. 15787-15801.

Hofmann-Wellenhof B., Lichtenegger H., Callins J.
Global Positioning System. Theory and Practice.
Wien; N. Y.: Springer-Verlag, 1994, 356 p.

Hutorova O. G., Vasl'ev A. A., Hutorov V. E.
O perspektivah issedovanija neodnorodnoj struktury
troposfery s pomoshh'ju seti priemnikov GPS
GLONASS [On prospects of investigation of the
nonhomogeneous troposphere structure using the set
of GPS-GLONASS receivers]. Optika atmosfery i
okeana [Atmospheric and Oceanic Optics]. 2010, 23,
no. 6, pp. 510-514

Ivanov V. A., Rjabova N. V., Zuev A. V., Kidicyn A. A.,
Ershov P. M. Mijanie Kimaticheskih i geofiacheskih
javienij na pomehougtojchivod’ priema radionavigacion-
nyh sgnalov sstem GLONASSGPS [Influence of
climatic and geophysical phenomena on noise immunity
reception of radio navigation signas of GLONASSGPS
sydemg. |l Veerosdjskie Armandovsie chtenija
Radiofizicheskie metody v digancionnom zondirovanii
sed. Materialy V Vserossjskgj nauchnoj konferencii
[Materids of the All-Russan Scientific Conference]
(Murom, 26-28 June 2012). Murom: |zd. poligraficheskij
centr Ml VIGU, 2012, 567 p.

Kablak N. I. Monitorynh osadzhenoi vodianoi pary na
osnovi obrobky HNSS-danykh [Monitoring of the
besieged water vapor on the basis of the processing
of GNSS data]. Kosmichna nauka i tekhnolohiia
[Space Science and Technology]. 2011, T. 17, no. 4,
pp. 65-73.

Kablak N. I. Suchasni pidkhody do vyznachennia ta
wykorystannia  troposfernykh  zatrymok  GNSS



syhnaliv [Questions of definition that uses of
tropospheric delays of GNSS-signals at the present
stage of development of satellite technologies are
considered]. Heodeziia, kartohrafiia i
aerofotoznimannia  [Geodesy, Cartography and
Aerial Survey”]. 2009, issue 72, pp. 22-27

Kovorotnyj A. L., Kivva F. V., Goncharenko Ju. V.,

Gorobec V. N., Gorb A.l. Sravnitel'nyj analiz
modelej dlja ocenki polnogo viagosoderzhanija
troposfery nad Har'kovskim regionom posredstvom
GPS-izmerenij [The comparative analysis of models
for estimation of the total moisture content of the
troposphere through the GPS measurements over
Kharkov]. Radiofizyka ta elektronika [Radiophysics
and electronics]. 2014, T. 5(19), no. 4, pp. 21-26.

Zablotskyi F. D.

eodesis, kapmoepadpisi i aepogpomosHimaHHs. Bun. 87, 2018 35

73, Studiengang Geoddsie und Geoinformation
Universitit der Bundeswehr Miinchen, February
2001. Available at: http://137.193.32.1/ Forschung/
TropAC/ docs/phd/index.html.

Vahnin A. V. Primenenie meteorologicheskoj informacii

v navigacionnyh  sistemah ~ GLONASS/GPS:
Magisterskaja  dissertacija [Application  of
meteorological information in navigation systems
GLONASS. GPS: Master's thesis]. Vahnin Anton
Vjacheslavovich. Sankt-Peterburg, 2012, 68 p.
HNSS-meteorolohiia  [GNSS
meteorology]. lviv Polytechnic Publishing House,
2013, 96 p.

Zablotskyi F., Palianytsia B., Matviienko L., Turchyn N.

Sukha i hidrostatychna skladovi zenitnoi troposfernoi

Mendes V. B., Langley R. B. Tropospheric Zenith Delay
Prediction Accuracy for Airborne GPS High-
Precision Positioning. Proceedings of The Institute of
Navigation 54th Annual Meeting, Denver, CO,
U.S.A., 1-3 June 1998, pp. 337-347.

Schueler T. On Ground-Based GPS Tropospheric Delay
Estimation Dissertation. T. Schueler. Schriftenreihe

zatrymky [On the dry and hydrostatic component of
zenith tropospheric delay]. Suchas. dosiahn. heodez.
nauky ta vyr-va: zb. nauk. pr. Zakh. heodez. t-va
UTHK [Modern achievements of geodetic science
and industry: Coll. Science pr. UTHK Western
geodetic company]. Lviv Polytechnic Publishing
House, 2011, issue II, pp. 92-95.

10. MIIIKO

Kadenpa imkxenepHoi reonesii, Harionansnuii yHiBepcutet “JIbBiBchka mositextika”, Byn. Kapmincekoro, 6, 79013, JIbBiB;
VYxpaina, 79013, ten. +38 (032) 258-23-87, en. momra kaf.IGD@gmail.com.

BILUIMB ABCOJIIOTHOI BOJIOI'OCTI HA TOYHICTb
BU3HAYEHHA I[TOJIOKEHHS ITYHKTIB GPS-TIPUMMMAYAMUI

Mera. [locmimuty BIUIMB aOCOJMIOTHOI BOJIOTOCTI HA TOYHICTh BH3HAUCHHS IOJIOXKEHHS! ITYHKTIB CYITYyTHHKOBHX
TEOIC3MIHIX MEPEXK I Yac CIoCTepekeHHsI pisHOl TpuBaiocti GPS-npuitMauamu. MeTomuka. Buximaumu JaHuMA 1ist
JIOCTI/PKCHHS TIOCTY)KIJIA PE3yJIbTaTh CIIOCTEPEIKCHB Pi3HOI TPUBAIOCTI MPOTAroM S50 1i0 3 KBITHS MO JKOBTCHb MICSIlh Ha
17 nepmaneHTHUX cTaHIissx Opaniii Ta 8 cranmisx [Beliapii. 3 mux crocTepe:keHb CPOPMOBAHO YOTHPU MEPEXKi 3 PI3HOIO
KUIBKICTIO TyHKTIB (Bix 8 710 5) Ta MOBKHUHAMM BEKTODIB (CepeiHs JIOBKMHA CTOPIH 3MIHIOETHCS Bi 48,6 kM 110 5,1 km).
BusHaueHO 3HaueHHS! aOCOJIFOTHOI BOJIOTOCTI, BUKOPHCTOBYIOUM CEpPEIHI 3HAYCHHS TEMIIEpaTypH IOBITPsl, arMOc(hepHOro
THUCKY Ta BiZIHOCHOI BOJIOTOCTI, OTPUMAHNMHU 32 TIOKa3HUKaMH 3 6 110 22 rox. TigiOpani Taxi qHI, KOJIM 3HAYCHHS a0OCOIFOTHOL
BOJIOTOCTI, CYTTEBO BiIPI3HSUINCS, TOOTO Oyan HAWMEHIIMMH Ta HaHOLTbIMU. ONpaIioBaHH CIIOCTEPEKEHb BUKOHYBAIOCH
mporpamMHIM 3abe3reueHHsM Trimble Business Center, 3MiHIOIOUH TPUBATICTH CHIOCTEpekeHb (4, 2, 1 rom). 3aranom Hamu
omparnpoBaHo 1200 cearciB. [lopiBHSABIIM 3HAYEHHS ICTHHHUX Ta BH3HAYCHHX 3a PE3yJIbTATAMH CIIOCTEPEKCHB IIAHOBHX
KOOPJIFHAT ITyHKTIiB MEPEK, OTPHMaHi CepeHi KBaJApaTHUIHI IIOMFIUIKU TTOTI0KEHHS ITyHKTIB. Pe3yJbTaTi. AHami3 OTpuMaHnX
3HA4YEHb CEPEHIX KBaJPaTHYHMX MOMUJIOK ITOJOKEHHS ITyHKTIB, OTPHMMAHMX 3@ PE3yJIbTaTaMH CIOCTEPEKEHb, OKA3aB 10
CIIOCTEPIraeThCsl TEHCHIIISI TIOTIPIIEHHS] TOYHOCTI BU3HAYEHHS TIOJIOXKEHHS IYHKTIB MEPEeX 3a 3POCTaHHs aOCONIFOTHOI
BojiorocTi. [TopiBHroBaucs 3HadeHHss CKII, otprMaHi 3a HaliMEHIIIMX 3HAYCHb aOCOJIFOTHOI BOJIOTOCTI Ta HAMOUIBIIKX IS
BCIX MepesK Ta pi3Hiii TpuBanoCTi criocTepeskerh. TAKIM YHHOM, 3a 3MiHH aGCOTIOTHOI BOIOrocTi Bix 7,0 /M’ 1o 13,8 /v’ Ta
TPHUBAJIOCTI criocTepekeHs 4 rog, orpuMane cepente 3HaueHHst CKII 3pocio y 1,6 pasa (Big 4,4 MM 10 7,0 MM), 32 TpUBAJIOCTI
ceanciB 2 roj 3HaueHHs1 CKII 3pocio y 1,8 pasa (ix 4,7 mm 110 8,3 Mm), a m1st TpuBasiocti 1 roq—y 2,1 pasa (8ix 6,1 MM 110
13,0 mm). HaykoBa HOBH3HA Ta MpakTH4HA 3Ha4yIlicTb. CepeloBHINE IMOIIMPEHHS CYIMYTHUKOBUX CHUTHAJIB 1 JOCi
3ATMIIIAETHCS. OJHMM 3 OCHOBHHUX JDKEPEN TOMITIOK, 30KpeMa Tporocdepa, y sKiif o cyTi “dopmyeTbes” moroma. Xoda
CBHOTOJTHI OLTBINIC yBary akICHTYIOTh Ha TIPOTHO3YBaHHI MOTOM BHKOPHUCTOBYIOUH CYITyTHHMKOBI HaBIralliiiHi CHCTEMH, ajie
ICHY€ 1 3BOPOTHHI 3B’30K. Y JIOCIIDKEHHI 3alpOTIOHOBAHO BPaXOBYBAaTH METEOPOJIOTIUHI YMOBH, 30KpeMa aOCOIIOTHY
BOJIOTICTB SIK CTIOCIO 3MEHINICHHSI BIUTMBY 30BHIITHBOTO CepeioBUINa Ha ToUHICTh GPS-BuMiptoBaHb, TOOTO IMiIBUIIIUTH IXHIO
sKicTh. OpeprkaHi pe3ysbTaTi MPOBEACHNX IOCTIPKEHb € TOCHTH JIOCTOBIPHUMH, OCKLUIBKH BHUKOPHUCTAHO 3HAYHY KiIBKiCTh
JIAHKX, BOHU JIAI0Th 3MOI'y PEKOMCH/TyBaTH BUOMPATH TaKi JHI I CLIOCTEPEIKEHb, KOJIM 3HAYCHHS BOJIOTOCTI € MiHIMAJIbHIMH
(e Gimbmmvm Hik 12 /M), 3 MPAKTHYHOTO MOMTY — Iie MOAIMBICT 32 BIIOMHMH METCOMApaMeTPaMH, OTPUMAHHMH 3
MPOTHO3Y MOTOJIH, BCTAHOBIIFOBATH JIOLUIBHICTH BUKOHAHHS CIIOCTEPEXKEHb.

Kniouosi crosa: GPS; abcomoTHa BOJNOTICTE; TPHUBAIICTH CEAHCIB CIIOCTEPEIKEHB; TOUHICTD ITOJIOKEHHSI ITYHKTIB.
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