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PE®EPAT

Junnomuas pabora coxaepxkut 51 crpanuiyy, 20 pucyHkoB, 9 Tabmwui, 29
HMCTOYHHUKOB.

['JIOBAJIBHAA HABUTALIMOHHASA CIIYTHUKOBASA CHUCTEMA,
OCJIABJIEHUE PAJIMOCUT'HAJIOB, [TYMOBAA TEMIIEPATVYPA,
OTHOLIEHUE CUTHAJI/IIYM, PAJUOITIOMEXMU.

Obvekmom  uccnedoganus  SBIAIOTCS  TIOOANBHBIE  HABUTALMOHHbBIE
COYTHHKOBBIE  cucTeMbl. [IJenv  pabomwpr  3akmoyaeTcsi B NPOBEJICHUU
MHOTOIIapaMETPUUYECKOTO UCCJIEI0BAHUS (bakTopos, ONpeaEISIIOIIUX
sHepreTudeckuii 3anac paguonuauu ['HCC.

[Ipennoxkena maremarrueckas MOJIeb, ONUCHIBAIONMIAs (DAKTOPHI, BIUSIONINE
Ha SHEPreTHMYeCKUil 3amac pajuoJIMHUM HABUTAllMOHHOW CITyTHUKOBOM CHCTEMBI.
VYcTaHOBEHO, 4YTO B CIOKOMHOW aTmocdepe curHaa ocnabnsercs H3-3a
MOJIEKYJIIDHOTO TOTJIOIIEHHsI TaKUX Ta3oB, KaK KHUCIOpOJ W BoAsHOW map. [ns
yacToT curHaioB 1-2 I'Ty ynenbHOE MOTrjoleHrne KUCIOPOIoM OOJIbIIE YAETbHOTO
TOMJIONIEHHsT B BOJASHOM mape B 17 pa3 u cocrasuser (4,9-5,9):107 nb/km. ITonubie
noTepyu B KHCIOpoJe IMpu yriae wmecra r.Mwuncka He mnpessimaotr 0,15 nb.
JlomoHUTENIbHBIE TOTEPU CUTHAJIa MOTYT OBITh BbI3BaHbI OCJA0JIEHHEM 3a CUeT
TUIPOMETEOPOB. Y JeNIbHbIE MOTEPU CUTHAJIA B CYXOM CHEIr'e MEHbIIE, YeM B MOKPOM,
a yJelbHbIE TIOTEPHU B JI0KJI€ MEHBIIE YJEIbHBIX MOTEPh CUTHAJA B MOKPOM CHETe B
1,7 paza. Ilpu 3TOM, MOJTHBIE IOTEPU CUTHANA B JA0XKAE Ui yria Mecta r.MuHcKa He
npeBbiaioT 2,5 1b, B To Bpems kak B MOKpoM cHere — 0,25 nb. Tak npoucxonur 3a
c4€T TOro, 4YTO MAKCHMMajbHas HMHTEHCHUBHOCTb CHEIOIAaJ0B MEHbIIE CpPEIHUX
MHTEHCUBHOCTEHN noxaei. CrekTpaibHasi MOLIHOCTh IIyMOB 3aBUCHUT OT yIJla MecTa
OPUEMHOM  CHCTEMbl U JIUAJIEKTPUYECKOM  MPOHUIAEMOCTH  OTpakarolen
noBepxHOCTH. C yBeJIIMYEHUEM YyIJIa MECTa JaHHas BEJIMYMHA YBEJTUYMBACTCS JUJIS
BJIQXHOW IMOYBBI, YMEHBIIAETCS JUISI CyXOM MOYBBI M MPAKTUYECKH HE U3MEHSETCS
JUISl YMEPEHHO BIIAXKHOM MOYBHI B Anana3oHe yrioB Mecta 18°-30°. Jlns r.MuHcka B
cnokoitHoii atMmocdepe mnpu Temmepatype 290 K oTHomeHue curHan/mym
coctasisieT 32,5 n1b mia I'JIOHACC, 33,1 a1b mnst GPS u 45,8 nb nns GALILEO,
IIPU 3TOM TOJyYSHHbIE 3HAUYEHUsI YMEHbILIAIOTCA He Ooliee, yeM Ha 4 nb npu Hanuuuu
ocasikoB. [losydyeHbl 3aBUCHUMOCTH BEJIMYMHBI 110/IaBJICHUS] HABUTAIIMOHHOTO CUTHAJIA
OT MOIIHOCTH IepeAaTurKa MOMeX U yIjia MeCTa NP Pa3IMYHbIX TUIIAX TOMEX.



PO®EPAT

HeiruiomHas mpana 3msimmygae 51 craponky, 20 mamroHkay, 9 Tabmin, 29
KPBIHIIL.

I'JTABAJIBHBIS HABITALIBIMHBISL CITAJJAPOXXHIKABBISI CICTAOMBI,
[IACJIABJIEHHE  PAJIBIECITHAJIAY, 1IIYMABAS  TODMIIEPATVYPA,
AJTHOCIHBI CITHAJI/ITYM, PAIBIEITEPAIIIKO/IBI.

Ab6’ekmam  Odacnedasanna  3’AYASONIA  [a0ANBHBISL  HABITAIBIAHBIS
CHAJapOXKHIKaBbIA CICTOMbL. Mema npaybl 3aKimoyaenua Yy  OpaBsSA3€HHI
[IMaTiapaMeTpblyHara JaciiefaBaHisi ¢akrtapay, sKisi BbI3HAYaIOIb YHEPTETHIYHBI
3anac pageiéninil THCC.

[IpananaBana wmaTdMaThIYHAST Maadb, sAKas amicBae (QakrTapel, sKis
VIUIBIBAIOI[b HA SHEPreThIUHBI 3amac pajbl€lliHIl HaBIralbliHAW CI1aJapoKHIKaBan
CICTAMBI. YCTaHOVJEHa, ITO Yy crnakoiHali atMmacdepsl cirHan aciadssena 3-3a
MaJleKyJisipHara nariblHaHHs TakixX raszay, sk Kiciapos 1 Baa3sHas mapa. s gactor
cirnanay 1-2ITu yxa3enpHae mariablHAaHHE KiclapojaaMm  OOJbII  ya3eJbHara
narjblHAHHA ¥ Baa3sHoi mapel ¥ 17 paszoy i cknagae (4,9-5,9)-107 nb/km. TToyHbis
cTpaThl ¥ Kiciapoa3e Tpbl Byrie Meciia T. MiHcka He mepabimarols 0,15 ab.
JlanaTkoBbIsL CTpaThl CITHAIY MOTYIh OBbIIb BBIKJIIKAHBI Maciia0JIeHHEM 3a paxyHaK
rijpaMers0pay. Y a3eibHbIS CTPAThI CITHATY ¥ CyXIM CHE3€ MEHIIbISA, YbIM Y MOKPBIM,
a YI3eNbHBIS CTPATHI ¥ A Kbl MEHIIIBIA 32 YI3€TbHBIS CTPAThI CITHATY ¥ MOKPBIM
cHese ¥ 1,7 paza. IIpbl T3ThIM, IOYHBIS CTPATHI CITHATY ¥ JAX KB TSI KyTa MECIa T.
Mincka He mepaBbimarons 2,5 n1b, y Toi yac sik y MokpeiM cHeze — 0,25 nb. Taxk
as0bIBaeIIa 3a KOIMIT Taro, MITO MakCiMaibHAasl 1HTIHCIYHACIH CHETanajay MEHIIas
3a CApPAAHIA IHTIHCIYHACH] Aax KoY. CrekTpalibHass MaryTHaclpb IIyMOY 3aJ€XbIlb
aJl KyTa Meclia pbIEMHAM CICTAMBI 1 JbI3JIEKTPhIUHAN MMPaHIKAJIbHACII MABEPXHI, SKas
aJUIIOCTpOYBae IIyMbl. 3 MaBellYdHHEM KyTa Meclla JajJ3eHas BeiubIHs
MaBsuUTIYBaeIlla JJis BIIbIOTHAM TJ1e0bl, TaMsTHIIAeIa JIJIsl CyXou T1e0bl 1 MpaKThIuHA
He 3MsHseIa /I YMepaHa BIIbIOTHAM 11eObl ¥ Jbisna3oHe KyToy mecna 18°-30°.
I r.Mincka ¥ crmakoiHaih atMacdepsl mnpbl TaMmmepatypbl 290 K craynenne
cirnan/mym ckmamgae 32,5 nb ans I'NNIOHACC, 33,1 ab ana GPS 1 45,8 a1b nns
GALILEO, npsl rThIM aTpbIMaHbIS 3HAYHHI MaMSHIIAIOIIA HE OOJIBIN, YbIM Ha
4 nb mpel HasyHacIll amangkay . ATphIMaHbl 3aJe)KHACIl BEJIIYBIHI I1aJayIeHHS
HaBirarplifHara CirHajly aJi MaryTHacIll IepajaTdblka MEPaIIKoa 1 KyTa Mecla IphI
PO3HBIX ThIMaX MEPAIIKO/I.



ABSTRACT

Thesis contains 51 pages, 20 figures, 9 tables, 29 sources.

GLOBAL NAVIGATION SATELLITE SYSTEMS, RADIO SIGNAL
ATTENUATION, NOISE TEMPERATURE, SIGNAL NOISE RATIO, RADIO
INTERFERENCE.

Global navigation satellite systems are the object of study. The purpose of
study 1s conduction of multiparametric research of factors defining energy reserve of
radio link of GNSS.

A mathematical model that describes the factors affecting the energy reserve of
the radio link of a navigation satellite system is proposed. It has been found that the
signal is attenuated in a calm atmosphere due to molecular absorption of gases such as
oxygen and water vapor. For signal frequencies of 1-2 GHz, the specific absorption in
oxygen is 17 times greater than the specific absorption in water vapor and is (4.9-
5.9)-10° dB/km. The total loss in oxygen at the elevation angle of Minsk does not
exceed 0.15 dB. Additional signal loss may be caused by hydrometeor attenuation. The
specific signal loss in dry snow is less than in wet snow, and the specific signal loss in
rain is 1.7 times less than the specific signal loss in wet snow. At the same time, the
total signal loss in rain for the elevation angle of Minsk does not exceed 2.5 dB, while
in wet snow it is 0.25 dB. This is due to the fact that the maximum intensity of
snowfalls is less than the average intensity of rains. The spectral power of the noise
depends on the elevation angle of the receiving system and the permittivity of the
reflecting surface. As the elevation angle increases, this value increases for wet soil,
decreases for dry soil, and practically does not change for moderately moist soil in the
range of elevation angles of 18°-30°. For Minsk in a calm atmosphere at a temperature
of 290 K, the signal-to-noise ratio is 32,5 dB for GLONASS, 33,1 dB for GPS and
45,8 dB for GALILEO, the obtained values decrease by no more than 4 dB in the
presence of precipitation . Dependences of the navigation signal suppression value on
the power of the jamming transmitter and the elevation angle are obtained for various
types of interference.



