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AHHOmal}u}l - HOJ’IY‘{CHBI AHAIUTUYECKHE COOTHOLIEHH A, OTpee/IAoIe 3aBUCHUMOCTD MEXY TOYHOCTHIO TO3MIITMOHUPOBAaHHU A

00beKkTOB-a60HeHTOB CBsi3d mo curHaisaM ['HCC U TOYHOCTHIO H3MEpPEHHs] ICEBOOSATBHOCTEH.

Ha ocHoBe pmaHHBIX

COOTHOIIEHUH BBISBJIEHA B3aMMOCBSI3b MEXAY TOYHOCTBIO IO3UIMOHUPOBAHUS U paclpefesieHHeM H3Ty4aeMOH aHTeHHAMH
MOLIIHOCTH B IIPOCTPAHCTBE, YTO [TO3BOJISIET OLIEHUTD NMOTPEIIHOCTD HAaBe/IeHHUsI JIydel aHTEeHH B IIPOCTPAHCTBe. BBIBOJ MaHHBIX
COOTHOIIEHNH OCHOBaH Ha IPELIOI0XKEHUH O peieeBCKOM KaHase paciupoctpaHeHnu curdanoB THCC. [TokazaHo, YTO TOYHOCTH
[O3ULMOHHUPOBaHMsI 06'BEKTOB IIPH MTOTPELIHOCTH ONpe/iesIeH sl IIceBRofanbHocT 1 M 1 wrpuHe nyda [JH 2 rpapyca onpepensier
CpefiHee CHHKEHHME MOIMHOCTH CHIHana B pajuoKaHaie, O06GyCIOBIEHHOE MOTPELIHOCTSMHU MO3HLMOHUPOBAHUS OOBEKTOB,
He 6onee 0,25 1B, HOpMUPOBaHHOE 3HAYeHUE CpEJHEKBALPATHYECKOro OoTKIoHeHus -13,5 nb. BcrnepcrBue morpewHocTeit
NMO3ULMOHUPOBAHMSI BO3MOXXHO CHUKEHHME MOIHOCTU CUTI'Hala B paguokaHase o 1 aB.

Kniouesvie cnosa - cern 5G; mosuunnoHuposaHue o6bekToB B HCC; B3anMHOe IONIOXeHHe OGBEKTOB; paclpefiesieHHe

MOIIIHOCTH CHUT'Haja; CTATUCTHYIECKUE XapaKTEPHUCTUKHU.

BBenenue

IMpouecc ¢popmuposanus [nmobanbHOU WHPOpPMa-
[MOHHOU CHCTeMBI Ha 6ase Internet mpemmosiaraer
HeO06XOOUMOCTh YCTOMYMBOTO LOCTYIIA K LIMPOKOIO-
JIOCHBIM CETSIM CBSI3U CO CKOPOCTBIO Mepemadu Gonee
10 T'6/c mas Mo6WIBHBIX aOOHEHTOB HE3aBHCHUMO OT
MecTa ux HaxoxpaeHus [1]. Obecrnevyenre ycTORIHUBO-
ro coepuHeHus B ceTsix 5G o6ycnaBIuBaeT XeCTKUE
TpebOBaHMSI HA TOYHOCTH ONpEeNeIeHUsT KOOPOHUHAT
abOHEHTOB, YTO CBS3aHO C BBICOKOW IJIOTHOCTBHIO
pacripefiesieHus abOHEHTOB U, COOTBETCTBEHHO, C HUC-
[0JIb30BAHMEM AHTEHH C Y3KMMH AMATPAMMAaMH Ha-
npaenedHoctu (OH) mist BeImOnHEeHUS TpeGOBAHUN
3NEeKTPOMATHUTHOMN
[2-5]. B otnuumne ot ceredt 4G, rme dopmupoBaHue
ny4da aHTeHHBl MIMO ocymiecTBnseTcs: Ans CPyNIb
a6oHeHTOB, B ceTsix 5G ny4 GopMUpyeTCs As KaxkK-
moro u3 aboHeHTOB [6]. YKa3zaHHOe 06CTOATENBCTBO
TpebyeT $opmMupoBaHUs y3Koro semectka JH st
ofecredyeHus: 3JIEKTPOMATHUTHOW COBMECTHMOCTH,
4TO, B CBOI0 Ouepenb, oOycraBiuBaeT HeOOXOOH-
MOCTB OIpeNeNeHus MOMOXEeHUsT MOOHIBHOTO a60-
HEHTa C BBICOKOM TOYHOCTbIO. IlociemHee MOXKeET
6bITh 06€eCredyeHo, Kak MPaBUIIO, C UCIOIb30BAHUEM

COBMECTUMOCTH abOHEHTOB

cnyrHUKoB THCC. OpnHako B3aMMOCBSI3b TOYHOCTHU

zvezdina_m@mail.ru (3sezduna Mapuna FOpvesna)

OTIpefieNIeHUs TIOJIOKEHUST MOOUIIBHBIX a60HEHTOB C
dHEepPreTUYECKUMHU XapaKTePUCTUKAMH paJuoKaHana,
HEeOOXOOUMBIMU [JIsl YCTOMYUBOTO GyHKLUOHUPOBA-
Hust ceTed 5G, xoTs U paccmoTpeHa B [7; 8], mpoana-
JIM3UpPOBaHa He B IIOJIHOU Mepe.

Llenbio CTaThU SBISIETCS AHAJIN3 B3aMMOCBSI31 TOU-
HOCTH TMOJIy4aeMBbIX 3HAa4YeHHH ICeBOJaIbHOCTEN
aboHeHTOB o curHanam cnyrHukoB THCC c¢ anep-
reTU4eCKUM MOTEHIIMAIOM pagroKaHala MeXIy MO-
6UIBHBIMU 06'bEKTAMH.

Bapadu, cBsI3aHHBIE C JOCTHXXEHHEM LieTH paboTHl,
BKJIIOYAIOT:

1) AHanmu3 TOYHOCTH MO3ULHUOHUPOBAHUSA MO-
6unbHBIX a60HeHTOB 10 curHanam THCC;

2) UccnepmoBaHue B3aMMOCBSI3W TOYHOCTH ITO3HU-
LUOHUPOBAHUS MOGUIIBHBIX OGBEKTOB C KCIOJIB30-
BaHuemM ['HCC u sHepreTHuecKUX XapaKTepPUCTUK
KaHasa cBsI3U B ceTsx 5G.

1. AHa/IM3 TOYHOCTH
MO3UIMOHMPOBAHUS MOOHIBHBIX
abonenToB Mo curHaaam F'HCC

PaccmoTpum papumokanan, ¢GOpMHPYEMBIH [BY-
Msi a0OHEHTaMHU CEeTH, PACIIONIOXEHHBIMH B TOYKAax

C mpepIonaraeMbIMH KOOPAWHATaAMU {xgo),ygo),z(]o)}
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- {X(ZO)’ y(zo)’ Z(ZO)} B reoLeHTPUYECKOI CHCTeMe KOOp- VckoMoe penieHHe 3alUCBIBAETCS CIIEAYIOIIUM
puHat Oxyz. [lonmokeHre MOGUIIBHBIX OOBEKTOB MO- o6paszom:
SKeT OBITh OLleHEeHO 10 curHajam cinyrHukos THCC Ha T B T .

H Y AP, =(A; -A;| -A;-8D;, (i=12). (5)

OCHOBE TIPECTABIIEHUs MCEBIOAATBHOCTEH MOOHIIb-
Horo o6bekTa oT cnyrHuKa [HCC. Takas oreHKa asst
KaX[Oro U3 06'EKTOB JIEFKO MOXET OBITh MOJy4YeHa
W3 COOTHOIIEHUM:

X; = xgo) +AX;, oy = ygo) +Ay;, (1)
z; = ZEO) +Az;, (i=1,2),
roe XEO)’ yEO) u ZEO) - mpepnmnosiaraeMble KOOPAHHA-

THI i-r0 06beKTa; AX;, Ay; U Az; - COOTBETCTBYIOIIHE
YTOYHSOIIKE NONPaBKK KOOPAUHAT.

OueHKHU Axi, Ayi U Azi LTSI KAXKAO0T0 M3 00'beKTOB
(i=1,2), obpa3youux paguoOKaHal, HAXOLSITCSA W3
pellleHHsI COOTBETCTBYIOIIEN MepeonpefeleHHON CU-
CTeMbI ypaBHeHHi [9]:

XEO) —X]- yf-o) - z: =7

bo T 0

L] ) 1Y)
(i=12, j=1,.,J),
roe Xj, Yj, Zj - reoLleHTpUYeCKHe KOOPAUHATHI j-TO
cnyrHuka 'HCC, o oTHOILIEHHIO K KOTOPOMY OIlpe-
HeseTCs MCEBAOAATIBHOCTD -0 06'bEKTA;

R R R}

- IpepnosaraeMoe 3HayeHHe IMCEBAOHATBHOCTH IIO-
CJle y4yeTa MOIPAaBOK Ha pacIpOCTpPAaHEHHE CHUIHaa
B aTMmocdepe; 6Di’j — TMOTPELIHOCTH OINpeneeHus
NICEeBIONATBHOCTH, CBSI3aHHBIE C INYMaMH IIPU HpH-
eme cursanos 'HCC.

CucreMa ypaBHEHHUU (2) 7151 ONpefeseHUs [OIpa-

BOK [IJIs1 KaXKAOTO M3 a6OHEHTOB MOKET OBITH TMpefi-
CTaBjIeHa B MATPUYHOU popme:
A;-AP, =38D;, (i=1,2), 3)
roe A; - maTpuua pasMmepHocTH ] x3; AP; - BekTOp-
cronbern pasmeproctn 3x1; 8D; - BekTOp-cTONGEI
pasmepHoctu Jx1.

Marpuna A;, BekTop-cronbeu, AP, u BexTOp-
cronber 8D; MOTryT 6BITH MpeJCTaBIeHbI B BUME

(0)

j j
Ay; + Az =8D;;, (2)

0 0 0
XE )_X1 yg )_Y1 ZE >_Zl
) 0) 0)
Dyq Dyq Dyj
A = , (4)
0 0 0
W-x, YWy, Y-z
0) 0) 0)
Dy Dy Dy
Axi 6Dz,l
AP, =| Ay, |, 8D, =
Az oD

CrarucTryeckue XapakTEepPUCTUKHU MONMPaBokK Ax;,
Ay

1
OTKJIOHEHHA W KOBapHalouHu HX COBMECTHOI'O pac-

U Az;, B YaCTHOCTH CpefHEKBaJpaTH4YeCKHue

MpefieNIEHUsI, OTpeNensioTcss B cooTBeTcTBUU ¢ [10]
COOTHOIIEHUSIMMU:

2 _ 2 @) 2 _ 2 A0
oyi =0piQi1> Gy,i_GD,iQZZ’ (6)

62 1 G%)JQ:(;% bl (l = 1) 2))

zi =
raoe GZD’i — AUCIOEPCHUsA OOHOKPATHOI'O HU3MEPEHUA

NCEeBOOAANBHOCTH TS i-T0 abOHEHTa; Q;;-) - [uaro-
Ha/bHBIE 37IeMeHTHl MaTpulel Q; (j=1,...,3):
-1
_(AT

Q —(Ai ~Ai) . 7)

C yuerom cootHouteHu# (5)-(7) uctuuHoe (onpene-
NseMoe C y4eToM mompasok Ax;, Ay; u Az;) momo-
>KeHHe 00'beKTOB B reoLjeHTpU4Yeckor cucreme Oxyz
KOOPOHUHAT ompenensercs coorHomwenusmu (1) u (5).

[TonpaBKU K IOJIOXEHHIO MOOHJIBHBIX OOBEKTOB
Ax;

1
mu Ox;, Oy; M Oz;, 9TO MPUBOJAMUT, KAK OTMEYANOCh

Ay, u Az, omnpepnenswTCs C TOTPEIIHOCTS-

BBIILIE, K OLIMOKAM HABEJEHUsI JIy4a aHTEHHBI U, COOT-
BETCTBEHHO, K CHU>KE€EHHWIO MOLIIHOCTU NPUHUMAEMOTO
CUTHaA.

C y4eTOM BO3HUKAWIIUX TOrPEIIHOCTEN OMpere-
JIEHUsI KOOPAMHAT O6'BEKTOB HANPABIEHHE B3AUMHO-
ro MOJIOKEHHUsT MeXAy a6OHEHTAMHU ONpeNesieTcst C
omnbkamMu 60 u 3¢9, KOTOpbIE MOTYT GBITH BBISIBIIE-
HBI CJIEAYIOLIUMHU COOTHOLIEHUSIMU:

1 2 {[a((ZZ ~z)/R)fox]x  ®)

1—((22 —Zl)/R)
x (8%, —5X1)+[a(<z2 _21)/R)/ay](83’2 ~ o)+

+ [8((22 -z )/R)/@z}(822 -8z )}>

8 {[8<("2 _X1)/r)/5XJ(6x2 —8x;)+
i [a<("2 X )/f)/ay](éiy2 -8y, )}

YacTHbIe IPOU3BOAHBIE B (4) UMEOT BUI
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Puc. HopMupoBaHHOe pacipefie/ieHre MOLHOCTH CUIHAJIA B PaHo-
KaHase
Fig. Normalized signal power consumption in the radio channel

Ry
o((e ~)r)foe =221,
r

(e, ~&)r) Jog - L2 =2 C =50,

r3
roe 7\'izxi; yia (i=1,2), E.>=X7 }’, sz) y

2. UccnegoBaHue B3aMMOCBSA3H TOYHOCTH
MO3UIMOHNPOBAHMSA MOOHIBHBIX
00beKTOB ¢ ucnoab3opanuem THCC
Y HEPreTUYEeCKMX XapaKTepUCTUK
KaHaJia CBfI3U B CeTAX 5G

Bynem cuuTaTh, 4TO ceyeHHe HOpMUpoBaHHOU [ H
AHTEHHBI 10 MOIHOCTH KaXX[I0ro abOHeHTa KapTHH-
HOM MJIOCKOCTBIO MPEACTABIISIET COG0M IIUTHIIC, TIOMY-
OCH KOTOPOro, paBHble AQ®; u AD;:

2 2

F,(0,9)=1-0,5 i, P
A®?  AD?

(10)

CyMmMapHble IOoTepu B paguokaHane AG ompepne-
nsiiotest GopMmyIioi

AG = ‘Fl (36, 5(p)‘2 ‘Fz (36, &p)‘z . (11)

C wucnonbp3oBaHHEM IOJYYeHHBIX COOTHOIIEHUU
MPOBEJEHBl UCCIIEJOBAHNS 3aBUCHMOCTU CHMXKEHMUS
MOIIHOCTH CUTHAJIa B pafuoKaHaine ceTeil 5G oT mo-
[PEIIHOCTH MO3ULHMOHUPOBAHUS MOGHIIBHBIX 06BEK-
ToB. IIpennonaranoce, 4YTO paccTOsiHUE MOOUIBHOTO
aboHeHTa OT 6a30BOM cTaHOUU cocTasBiasieT 280 M.
HluprHa JJH aHTeHHBIX CHUCTEM IPUHATA PaBHOM
2°, 9TO COOTBETCTBYET IMJIOTHOCTH pa3MelleHus a6o-
Hentos 100 kM 2 (6e3 yyera ycTpoiicTs MHTepHeTa

Bemied). [MosunuoHupoBaHWe abOHEHTa MPOBOLUT-
cs ¢ ucnonb3zoBanueM mectu cnyTHukos THCC npu
TOYHOCTH HU3MepeHUs ncespopanbHocTd 1 M. Kanan
pacnpoctpaHeHus curHanos 'HCC mnpepmnonarancs
peeeBCKUM.

PesynbraThl MccnenoBaHUN NpUBEAEHbl HA PUCYH-
Ke, TJle MOoKa3aHO HOPMHPOBAHHOE paclpenesieHHe
MOIIHOCTH CHTHaJia B paguokaHaie AG B 3aBUCH-
MOCTH OT U3MeHsIeMBbIX 3HaueHUl 80 u d¢. Hopmu-
pOBaHHe TMPOBOAMIIOCH MO 3HAYEHUIO, COOTBETCTBY-
OLI[EMy TOYHOMY HaBe[I€eHHIO aHTEHH 060MX a60HEHTOB
(80 =8¢ =0).

Kak mnoka3bplBaloT NpHUBEJEeHHBbIE pe3YIbTATHI,
cpenHee 3HauyeHWE HOPMHPOBAHHOI'O paclpepeie-
HMS MOIIHOCTH curHana coctasasieT -0,25 gB, HOp-
MHPOBAaHHOE 3HauyeHUEe CpeHEeKBaPaTUYECKOTO
otkinonenusi (CKO) -13,5 gb. OnHako, HeCMOTpST Ha
manoe 3HadeHre CKO, BO3MOXXHBI CIy4ad CHUXKEHU S
MowmHocTu curHana Ha 0,8-0,9 nB. Pacnpenenenue
MOIIIHOCTH CUTHAIA TEPEeCTAeT OBITh HOPMAaIbHBIM.
DTOT pesynbTAT IOKA3bIBAET, YTO (OPMHUPYEMBIH
MeXAY OBYMsI MOOHUIIBHBIMY a60HEHTAMHU KaHAJ CBsI-

31 HE SBJISIETCSA pEJIEEBCKUM.

3ak/io4eHHue

1. PaccMoTpeHHBIE BONPOCHl MO3ULIMOHMPOBAHUS
06bekToB 1o curHanaM 'HCC no3Bonunu BBISABUTH
B YBO6HOU popMe 3aBUCUMOCTH TOYHOCTH TO3ULUO-
HUPOBAHUSI 00BEKTOB-a00HEHTOB CBSI3U C TOYHOCTHIO
W3MepeHUs MceBpofanbHocTed. Ha ocHOBe JaHHBIX
3aBUCHMOCTEN IOJIyYeHbl COOTHOIIEHUS], yCTaHABIIH-
BawIlie B3aMMOCBA3b Me)KJ:[y TOYHOCTBIO ITO3ULIUO-
HUPOBaHUS U MOIPEIIHOCThIO HaBeleHUs Jydel aH-
TeHH B pafjloKaHa’e.

2. TlpoBeneHHBle NpU XapaKTEpPHBIX 3HAYEHUSX
napamMeTpoB cetedl 5G uccaeqo0BaHUs MOKA3au, 4TO
TOYHOCTH MO3ULHOHHUPOBAHUS OOBEKTOB IPU IO-
IPELIHOCTH ONpefeeHUs] ICeBAONaIbHOCTH 1 M U
mupuHe nyda JH 2° onmpenenser:

- CpenHee CHU>KEHME MOIIHOCTH CHUTHAJA B PagHo-
KaHasie, 06yCIOBI€HHOE MOTPELIHOCTAMM O3ULHO-
HUPOBaHUsI 06BEKTOB, He 6oiee 0,25 nb;

- HOPDMHpOBAaHHOEe 3Ha4yeHHe CpegHeKBaapaTH-
yeckoro oTkjgoHeHus -13,5 nb. HecMmorps Ha Manoe
3HayeHHe CKO, BO3MOXKHBI c/lyyay CHUKEHUS MOII-
HocTu curHana Ha 0,8-0,9 ob;

- pacrmpepesieHHe MOLIHOCTH CHUTHaJa IepecTaeT
6BITb HOPMAJIBHBIM, CIIEA0BATENBHO, GOPMUPYEMBIH
MeXIy OBYMsI MOOHIBHBIMU a00HEHTAMHU KaHAaJ CBsl-
3U CTAHOBUTCS HE PEIEeBCKUM.
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Abstract - The analytical relations determining the dependence between the accuracy of positioning objects-subscribers on
the GNSS signals and the accuracy of pseudorange measurements were obtained. Based on these relationships, the relationship
between positioning accuracy and the distribution of power radiated by the antennas into the space is revealed, which allows us
to estimate the error of pointing the antenna beams in space. The correlations are based on the assumption of a Rayleigh channel
for GNSS signal propagation. It is shown that the positioning accuracy of objects at the pseudo range error of 1 m and a beam
width error of 2 degrees determines the average reduction in signal power in the radio channel, due to errors in positioning
objects, not more than 0,25 dB, the normalized value of the standard deviation is equal to 13,5 dB. Due to positioning errors it is
possible to reduce the signal strength in the radio channel by up to 1 dB.

Keywords - 5G networks; GNSS object positioning; mutual positioning of objects; signal strength distribution; statistical
characteristics.
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